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ABSTRACT 

The Late Cretaceous foreland basin in central Utah developed 

adjacent to the Cordilleran fold and thrust belt between Albian and 

latest Campanian time. Subsidence resulted from the lithospheric 'oad 

of coeval thrust sheets to the west. Compositional trends of 

foreland-basin sandstones record unroofing of stratigraphic sequences 

above ramp-style detachment thrusts until the middle Campanian, when 

folding above a frontal blind thrust system caused recycling of pre

viously deposited foreland basin detritus. Basement uplifts within 

the foreland basin terminated subsidence in latest Campanian time. 

Thrust loading created a westward-thickening basin in which 

the sedimentary wedge fines eastward. Coarse-grained synorogenic 

strata along the western edge of the basin are included in the 

Indianola Group, which consists of a lower marine-dominated sequence 

and an upper fluvial sequence. The marine sequence correlates with 

the marine Mancos Shale farther east, while the upper fluvial sequence 

is equivalent to the Mesaverde Group. Individual lithostratigraphic 

units are time-transgressive, becoming younger eastward. 

Eight distinct depositional facies are recognized in the 

Indianola Group: alluvial fan conglomerate, braided fluvial 

xiv 



xv 

conglomerate, braided fluvial pebbly sandstone, meanderbelt fluvial 

sandstone and siltstone, delta distributary sandstone, lagoonal 

sandstone, siltstone, and mudstone, nearshore marine sandstone, and 

open marine mudstone and siltstone. The Mesaverde Group was deposited 

mostly by sandy to pebbly braided and meandering rivers which trans

ported detritus eastward from the thrust belt. Facies in the basin 

combine to form an offlapping sequence of eastward-fining clastic 

wedges. 

Sandstones of the basin are quartzarenites, sublitharenites, 

and litharenites derived from the sedimentary source terrane of the 

thrust belt. Detrital carbonate grains are an important fraction of 

the sedimentary rock fragments that dominate the lithic population of 

the sandstones. Feldspathic litharenites high in eastern exposures of 

the Mesaverde Group were derived from an arc terrane lying beyond the 

thrust belt. Linear petrographic trends shown by triangular QtFL and 

QpLsLv plots resulted from mixing of detritus from multiple sources. 

The age of synorogenic deposits and their succession by a 

Maastrichtian to Paleocene overlap assemblage indicate that foreland 

basin subsidence and major thrust faulting were continuous from late 

Albian through late Campanian time in central Utah. 



CHAPTER 1 

INTRODUCTION 

The purpose of the following study is to define the sedi

mentologic and structural evolution of the Late Cretaceous foreland 

basin in central Utah. Three aspects of the geology of the basin 

which had not been clarified by previous work are discussed and in

tegrated here: 

1. Depositional facies. Depositional systems that delivered 

sediment to the basin and those that reworked the detritus record a 

secular paleogeographic evolution of the basin and allow inferences to 

be made about events in the source area. Interpretation of depo

sitional facies also aid in correlation of units throughout the basin. 

2. Detrital modes. Sandstone compositions presented here 

record the tectonic evolution of source terranes during filling of the 

basin and, when placed in stratigraphic context, define the close of 

foreland basin sedimentation in central Utah. 

3: Structural geology. The western tectonic boundary between 

the basin and its source terrane is defined. Delineation of the 

structural transition from orogenic belt to foreland basin places 

constraints on possible genetic mechanisms of basin formation. 

Taken together, these three facets of the study characterize the 

tectonic style of the foreland basin and define the duration of basin 

subsidence in central Utah. 

1 
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Foreland Basin 

The Cordilleran foreland basin formed adjacent to an active 

thrust belt that extended from southern Nevada to northern Canada 

(Fig. 1). A genetic link between thrust belt and basin has long been 

hypothesized. Armstrong and Oriel (1965) demonstrated that sedi

mentation and thrust faulting were synchronous in the Wyoming portion 

of the basin. Spieker (1946 s 1949) interpreted an eastward-thinning 

coarse clastic wedge in central Utah as the sedimentary record of 

orogenesis in western Utah. Armstrong (1968a) inferred that defor

mation of the orogenic terrane, which he named the Sevier orogenic 

belts persisted from latest Jurassic to latest Cretaceous time, 

although the presence of pre-Upper Cretaceous synorogenic clastics in 

central Utah remained unconfirmed (Harris, 1959). Synorogenic 

deposits in Idaho and southwest Wyoming demonstrate that thrust fault

ing occurred from Late Jurassic to Paleocene time farther north along 

the thrust belt. However, southward thinning of synorogenic Lower 

Cretaceous rocks occurs along the strike of the thrust belt, and thus 

indicates a possible delay in the arrival of thrust tectonics in 

central Utah until later. Evidence from this study establishes that 

basin subsidence and thrust faulting were restricted to a period rang

ing from late Albian through to Late Cretaceous time in central Utah. 

Modern sedimentological analyses exist for only a few units, 

including the Blackhawk Formation (Balsley, 1980) and Cast1egate Sand

stone (van de Graaf, 1972), within the Upper Cretaceous synorogenic 

section. In addition, petrographic data for the sandstones are 

sparse; no systematic comparison of detrital modes has been 
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attempted. Thus, the response of the depositional systems within the 

basin to progressive deformation in the thrust belt has been largely 

undocumented. Analysis of detrital modes and depofacies trends pre

sented in this study allows interpretation of thrust belt evolution, 

source terrane location, and timing of tectonic events that controlled 

the development of the basin. 

Definition of the western basin margin is requisite to an un

derstanding of the provenance information provided by the detrital 

modes. A number of mechanisms have been proposed to explain the de

formation observed at the western basin margin, including simple fold

ing (Spieker, 1946), broad arch-like uplift (Harris, 1959), thrust 

faulting (Armstrong, 1968a): and salt and shale diapirism (Witkind, 

1982). However, the relationship of the easternmost deformation to 

the undeformed basin has remained obscure. Sedimentological and 

structural data from this study demonstrate that uplift of thrust

repeated stratigraphic intervals above thrust faults best explains ob

served compositional trends. The transition from folded source rocks 

to undeformed clastic wedge is shown to occur above a blind thrust 

system that dies out basinward. A schematic section from the thrust 

belt into the basin is shown in Figure 2. 

The foreland basin of central Utah consists of two 

lithologically dissimilar but time-equivalent stratigraphic se

quences. The sequences consist of a cong1omerate- and sandstone

dominated proximal section known as the Indianola Group, and a sha1e

dominated distal section which includes the Dakota Sandstone, Mancos 



Figure 2. Restored cross section of the foreland basin from the 
thrust belt to the west flank of the San Rafael Swell. Strata tie 
westward to structural features inferred to have created the clastic 
source. Proximal Indianola strata associated with Canyon Range thrust 
contain mixed carbonate and quartzose lithologies; detritus associated 
with younger Pavant thrust is quartzose. 
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Shale, and Mesaverde Group. The crest of the Wasatch Plateau gen

erally separates outcrops of the proximal and distal facies (Fig. 3). 

Plan of Dissertation 

The natural separation of major facies associations imposes 

constraints on the organization of this dissertation, which includes 

discussions of the proximal sequence, the distal sequence, petro

graphic characteristics of each, and thrust belt structure, which 

directly affects only the proximal sequence. As a result, five 

chapters follow the introduction. 

6 

Chapter 2 defines the structural framework of the easternmost 

thrust belt where deformation interacted with sedimentation along the 

western margin of the foreland basin. The discussion 1s based on 

geologic structure sections constructed from a compilation of mapping 

in central Utah, available well data, and mapping and field checks 

made in the course of this study. The blind-thrust model proposed 

here for the structural transition combines two previous structural 

models (Spieker, 1946; Armstrong, 1968a), and explains observed 

geologic relations as well as tectonically induced petrographic trends 

that developed late in the history of the basin. 

Chapter 3 contains a description of depositional facies within 

the Indianola Group and correlations of these folded proximal strata 

with unfolded rocks of the foreland basin from biostratigraphy and 

lithostratigraphic successions. Tectonic episodes in the thrust belt 

are inferred from depositional patterns in Indianola rocks. 



Figure 3. Map of geographic names and locations used in the 
text. Extent of Indianola Group indicated by coarse stipple; extent 
of Mesaverde Group indicated by fine stipple. 
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Chapter 4 is a stratigraphic and sedimentologic analysis of 

more distal fluvial strata of the Mesaverde Group exposed on the east 

flank of the Wasatch Platea~, eastward along the Book Cliffs, and in 

canyons of the Tavaputs Plateau (Fig. 3). Paleodrainage systems are 

reconstructed from stratigraphic relations and sedimentological char

acteristics of the Mesaverde section, which is late Campanian in age. 

8 

Chapter 5 contains a compilation of petrographic data from the 

basin. Operational definitions of clast and grain types found in 

basin conglomerates and sandstones are specified in detail. The data 

include clast compositions of Indianola conglomerates and sandstone 

compositions from the Indianola and Mesaverde groups. Sandstone com

positions of the Mesaverde Group permit inferences about provenance 

and refinement of correlations between the Wasatch and Tavaputs 

Plateaus in units which are poorly exposed or have been truncated 

across the San Rafael Swell, a basement uplift of Laramide age. 

Chapter 6 summarizes the main conclusions of the dissertation. 

Documentation 

Four carefully mapped Indianola sections and five Mesaverde 

sections measured with Jacob's staff provide the main data base for 

the project (Figs. 4,5; in pocket). Depositional facies were inter

preted during field compilation of the sections in order to key petro

graphic samples to various depositional environments. 

W. A. Cobban of the U. S. Geological Survey identified marine 

invertebrates collected from Indianola sections. and D. J. Nichols of 
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the U. S. Geological Survey identified pollen samples collected from 

the Tuscher Formation to resolve the controversy about the age of that 

unit. The chronostratigraphic framework (Fig. 6; Fouch et a1., 1983) 

employed here relies heavily on Nichols' palynological expertise. 

Petrographic data were compiled in the field and the labo

ratory. The coarse-grained nature of conglomerates of westernmost lo

calities in the Indianola Group permitted on-site clast counts. A 

minimum of 300 clasts were counted within a predetermined area at each 

locality. Sandstone grains were counted in thin section using a me

chanical stage with an 0.6 x 0.6 rnm grid, and following the guidelines 

of Dickinson (1970). 
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Figur'e 6. Chart showing nomenclature and stratigraphic 
correlation of upper Albian to Middle Eocene rock units from Sanpete 
Valley in central Utah east to Tusher Canyon. Modified from Fouch et 
a1. (1983). 



CHAPTER 2 

STRUCTURAL TRANSITION BETWEEN THRUST BELT 
AND FORELAND BASIN 

In the southern Wasatch Mountains and high plateaus of central 

Utah, a northeast-trending belt of folded Paleozoic through Upper 

Cretaceous strata separates thrusted allochthonous rocks of western 

Utah from a flat-lying cratonic and foreland basin section lying to 

the east on the Colorado Plateau. Armstrong (1968a) demonstrated the 

continuity of the Cordilleran fold and thrust belt from Wyoming and 

northern Utah into the central Utah region, where the thrust terrane 

consists of three irregular longitudinal belts. In the west, thrust 

faults juxtapose Paleozoic and Precambrian sedimentary rocks against 

lower Paleozoic rocks, while farther east other thrusts separate upper 

plate Paleozoic rocks from a Triassic and Jurassic platform suc

cession. The third and easternmost belt, to be described in this 

chapter, is characterized by a hanging wall of Jurassic to Upper 

Cretaceous sedimentary rocks detached from underlying autochthonous 

rocks along a subhorizontal detachment zone that dies in a blind

thrusted frontal fold. The Upper Cretaceous section consists of 

coarse-grained synorogenic clastics which were deposited as defor-

mation occurred within the thrust belt. The section is folded into a-

symmetric anticlines and steeply-dipping, east-facing homoclines 

throughout the easternmost belt. 

11 
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In contrast to the continouous structural features of the 

Wyoming-Utah-Idaho thrust belt (Armstrong and Oriel, 1965; Royse et 

a1., 1975), thrust-related structures in central Utah have been dis

rupted by subsequent basin and range deformation. The thrust faults

are preserved as isolated features on horst blocks separated by ex

tensive tracts of valley fill. In addition, the nature of the Utah 

thrust belt is further obscured by Tertiary rocks deposited following 

thrust deformation (Fig. 7). Structural information must be pieced 

together from surface mapping, seismic data~ and well control. 

Also in contrast with the Wyoming thrust belt are the age 

range and thickness of synorogenic foreland basin clastics in central 

Utah. Approximately 7925 m (26,000 ft) of clastic strata with sources 

in the thrust belt were deposited between Late Jurassic and Eocene 

time in Wyoming and northern Utah (Armstrong and Oriel, 1965; Jordan, 

1981). In central Utah, unequivocal foreland basin strata, deposited 

largely during the middle to Late Cretaceous from late Albian to 

Campanian time, reach a maximum thickness of 4000 m (13,120 ft; 

Jefferson, 1982), somewhat thinner than previously reported by Schoff 

(1951). The foreland basin continues to thin southward and is thin to 

absent in southern Nevada (Carr, 1980). Contrasts in the structural 

geometry and timing of thrust belt deformation and the record of 

foreland basin sedimentation are important clues to the kinematics and 

tectonics of thrusting and basin formation. 

This chapter discusses the structures of the leading edge of 

the thrust belt in Utah, and outlines their regional structural 
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relations. The focus is upon the eastern extent of deformation and 

the transition into undisturbed rocks of the foreland basin. A know

ledge of the structural geometry provides both a basis for evaluating 

the mechanism of folding in the eastern belt of the deformed terrane 

and a framework for understanding facies patterns within the 

synorogenic clastic wedge. 

Several mechanisms have been suggested to explain the eastern

most belt of folded Mesozoic strata adjacent to flat-lying rocks of 

the Colorado Plateau to the east. Spieker (1946) initially proposed a 

simple folding model to explain the steeply dipping sections 

throughout the region. Harris (1959) postulated the presence of a 

broad arch-like source terrane in western Utah and eastern Nevada. 

Gilliland (1963) ascribed most of the folding to similar large-scale 

tectonic processes, but attributed some tilted Tertiary sections to 

continued diapirism of Juarassic shales and evaporites. Subsequent 

workers have suggested that diapirism may account for most folding of 

the Cretaceous section and for multiple unconformities in the 

Cretaceous-Tertiary section (Taylor, 1980; Witkind, 1982). A mecha

nism of folding above a decollement and blind frontal thrust, ge

netically linked to crustal shortening by thrust faulting, is proposed 

here. 

Methods 

In order to construct the structure sections of this study, a

vailable mapping, published and unpublished, was compiled at a scale 

of 1:25,000. Critical relations were field checked and partly re-
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interpreted. The synorogenic Upper Cretaceous rocks were mapped and 

measured at selected localities in the area of Figure 7 and units 

studied were correlated throughout the region (Lawton, 1982). Struc

ture sections were originally constructed at 1:25,000 to conserve 

structural detail and subsequently reduced. Well control was pro

jected onto the sections where available and accessible. The lo

cations of wells used in constructing the sections are shown in Figure 

7. 

Regional Stratigraphy 

Correlations used in this chapter for rocks of the thrust belt 

and the Colorado Plateau are presented in Figure 8. The entire sec

tion is characterized by profound changes in thickness and lithology 

in the vicinity of the thrust belt along the Las Vegas-Wasatch hinge 

line of Bissell (1974). Facies changes served as a mechanical basis 

for the varied styles of deformation within the belt. Thickness 

changes may account for the eastward termination of thin-skinned 

thrusting and the transition to basement-cored uplifts of the Colorado 

Plateau. 

Paleozoic rocks form a wedge of clastic and carbonate strata 

that thins rapidly from a thick miogeoclinal section on the west to a 

plat- form section across the hinge zone (Armstrong, 1968b; Stewart 

and Poole, 1974). Pennsylvanian and Permian rocks of the Oquirrh 

Group were deposited at the locus of thickening and form a thick accu

mUlation of shallow-water sedimentary rocks which thin in a short dis

tance from 7925 m to 580 m (26,000 to 1,900 ft) across the hinge line 



Figure 8. Correlation chart for rock units of the thrust belt and 
foreland basin. Jurassic and Early cretaceous time scale from van Hinte 
(1976 a,b). Late Cretaceous and Tertiary time scale from Fouch et a1. 
(1983). Other sources of data: Spieker (1946); Imlay (1980); Standlee 
(1983). 
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(Baker, 1947). Juxtaposition of basinal and cratonic sections in the 

southern Wasatch Mountains enabled Baker (1947) to recognize the pres

ence of major thrust faults there. 

Triassic rocks, shown undifferentiated, represent a shift to 

continental deposition and are dominated by fluvial and marginal ma

rine redbeds. The Nugget Sandstone of Lower Jurassic age overlies the 

Triassic section in the southern Wasatch Mountains. It is a well 

sorted, fine-grained aeolian sandstone unit about 442 m (1450 ft) 

thick, and is an important marker horizon in the thrust belt. The 

Nugget thins toward the southwest and probably correlates with part of 

the Glen Canyon Group on the Colorado Plateau (Stokes, 1972). 

The Nugget Sandstone is overlain ciisconformably by a complex 

lithologic association of Middle Jurassic units. The Carmel For

mation, a comparatively thin sequence of sandstone, siltstone, and 

limestone on the Colorado Plateau, thickens westward into the thrust 

belt where time equivalents are represented by shale, sha1y limestone, 

gypsum, and minor halite of the the Arapien Formation (Spieker, 1946; 

Hunt, 1950). The thickness of the Arapien Formation has never been 

established due to complicated folding and repetition by thrust faults 

(Spieker, 1946; Hardy, 1952; Hunt, 1954), but it is in excess of 905 m 

(3,000 ft) thick. Recently, Standlee (1982) has suggested Arapien 

thicknesses of 1669 to 1735 m (5472 to 5690 ft) based on drill hole 

data from the Gunnison Plateau. 

The Arapien lithologies disappear to the north beneath the up

per plate of the Char1eston-Nebo allochthon {delineated by the Nebo 
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thrust in Figure 7), in which time-equivalent rocks are represented by 

massive to sha1y limestone of the Upper Twin Creek Limestone (Imlay, 

1967; Sprinkel, 1982). Tidal and lagoonal environments represented in 

the Carmel apparently gave way westward into lagoonal and sabkha en~ 

vironments in the Arapien, and northwestward and northward into normal 

marine carbonate banks and shelves of the Twin Creek Limestone. In 

the central and southern Wasatch Mountains, the Twin Creek Limestone 

is wholly allochthonous (Baker, 1947). 

The Arapien grades upward into the Twist Gulch Formation 

(Spieker, 1946; Gilliland, 1963), a sequence of red-weathering, thin

bedded sandstone and shale with occasional horizons of pebbly 

sandstone. On the basis of lithology and stratigraphic position, the 

Twist Gulch is probably equivalent to the upper San Rafael Group: the 

Entrada, Curtis, and Summerville Formations of Middle to Late Jurassic 

age on the Colorado Plateau (Spieker, 1946). In Salina Canyon (Fig. 

7), it is possible to recognize in the upper Twist Gulch, as defined 

by Spieker, the Entrada-Curtis-Summerville sequence as it is exposed 

in the western San Rafael Swell, 65 km (30 mil to the east. However, 

in Salina Canyon a section of channelized sandstone and conglomerate 

is present beneath Entrada-like rocks, yet still above the Arapien 

Formation. Its presence in the section indicates that westward 

thickening also occurs in the San Rafael Group and equivalents 

(Stokes, 1972). The Twist Gulch Formation is 915 m (3000 ft) thick at 

Salina Canyon (Spieker, 1946). 
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Overlying the Twist Gulch Formation is a sequence of tan

weathering conglomerates and fluvial sandstones with interbedded vari

egated gray to purple mudstone horizons assigned by Spieker (1946) to 

the Morrison(?) Formation. These rocks may contain a section cor

relative with Lower Cretaceous fluvial and lacustrine rocks of the 

Cedar Mountain Formation on the Colorado Plateau (Stokes, 1972). 

Perhaps both Jurassic and Cretaceous strata are included in this se

quence, which is about 205 m (675 ft) thick in Salina Canyon. It is 

here assigned a Jurassic to Lower Cretaceous age. 

Middle to Upper Cretaceous rocks at the eastern edge of the 

central Utah thrust belt rest disconformably upon the underlying 

Jurassic to Cretaceous units, but the base of the sequence is diffi

cult to pick because basal Upper Cretaceous strata are conglomeratic 

sandstones similar in aspect to the older rocks (Spieker, 1946). The 

Upper Cretaceous section is characterized by rapid lateral facies 

changes, and lacks the platform-like aspect of the underlying sec

tion. The Upper Cretaceous part of the Indianola Group consists of 

four formations defined by Spieker (1946) and shown in Figure 8. In 

eastern outcrops, the lower three formations are dominated by sand

stone and shale of marine and marginal marine origin, but grade west

ward into conglomeratic alluvial plain deposits on the west side of 

the Gunnison Plateau (Lawton, 1982). The uppermost unit, the Sixmile 

Canyon Formation, was deposited in braided and meandering fluvial en

vironments on the east and alluvial fan and alluvial plain environ

ments on the west. Palynomorph data indicate that the Indianola Group 



ranges in age from late Albian (Standlee, 1982; Frank Royse, Pers. 

Commun., 1983) to late Campanian (Fouch et al. 1982). 

20 

The overall progradational nature of Indianola recks, 

described in Chapter 3, and their episodic coarse-fine cyclicity 

record the eastward approach of episodic thrust-related uplift toward 

the site of Indianola deposition. The uppermost part of the section 

is most variable in lithology and facies, and is difficult to 

correlate from place to place. It may contain several unconformities 

(Fouch et al., 1982). The section on the upper plate of the 

Char1eston-Nebo allochthon is coarsest and most abbreviated, and is 

reported to contain clasts of older marine Indianola sandstone 

(Pinnel1,1972). These relationships and other observations 

(Jefferson, 1982; Lawton, 1982) suggest that deposition of the upper 

Sixmi1e Canyon ~ormation accompanied final thrust emplacement. 

Tertiary rocks in the Utah thrust belt consist of tan- to red

weathering mudstone and gray limestone. The rocks are characterized 

by rapid lateral facies and thickness changes, and by complex inter

fingering of lithologies throughout the central Utah region. They 

rest unconformably upon folded Upper Cretaceous and older rocks (Fig. 

9), and on the west flank of the Wasatch Plateau they on1ap the older 

section from east to west. This relationship results in westward 

pinchout of the North Horn Formation, causing a sandy basal facies of 

the Flagstaff Limestone to rest directly on Upper Cretaceous rocks 

along the west flank of the Wasatch Plateau (Fig. 9). 
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Style of Deformation in Eastern Thrust Belt 

Cross sections across the thrust belt at C-C' and 0-0' (Fig. 

7) are presented in Figure 10. They show as accurately as possible 

the geometry of structures from the vicinity of the easternmost thrust 

ramp to undeformed rocks in the Wasatch Plateau. Data to the west are 

sparse due to Tertiary cover and lack of well control, and the sec

tions cannot ~e continued farther west with the same accuracy. 

Cross Section C-C' 

The southern cross section crosses the Gunnison Plateau and 

Sanpete Valley from Levan to the western flank of the Wasatch Plateau 

near Ephraim. The western end of the section is characterized by a 

series of thrust splays which repeat the Jurassic and Triassic sec

tion. Thrust splays and coordinate ramping of the main thrust are ac

companied by tectonic thickening and complex deformation in the 

Arapien Formation exposed in the low western foothills of the Gunnison 

Plateau and along Salt Creek Canyon east of Nephi (Black, 1965). The 

nearly horizontal trace of the Nebo thrust (Fig. 7) projects onto the 

section about 330 m (1000 ft) above ground level, and upper plate 

Paleozoic rocks are inferred to be preserved east of the southern ex

tension of the Wasatch zone of normal faulting (Fig. 10). The syncli

nal structure of Twist Gulch through Indianola rocks of the Gunnison 

Plateau is known from surface exposures. 



Figure 10. Geologic cross sections through the Gunnison Plateau, 
Sanpete Valley, and Wasatch Plateau (C-C 1

) and through the southern 
Wasatch Mountains and Wasatch Plateau (O-DI). 
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Outcrops near Wales consist of Twist Gulch Formation through 

part of the undivided Jurassic to Lower Cretaceous section, and pos

sibly into lower Indianola Group. The rocks are abundantly 

slickensided, and are probably cut by small-scale thrusts, part of a 

continuous antithetic thrust system along the east flank of the 

Gunnison Plateau (Hunt, 1950). Farther to the south, 6.5 km (4 mil 

southwest of Sixmi1e Canyon (Locality 4, Fig. 7; T. 19 S., R. 2 E., 

sec. 7), an overturned, west-facing section in an unnamed wash pre

serves rocks from the Morrison(?) Formation up through marginal marine 

and marine facies of the Sanpete Formation and possibly the Allen 

Valley Shale of the Indianola Group (Weiss, 1982). Younger Indianola 

rocks are covered by or faulted against the Tertiary section. The 

Indianola section there is similar in lithology to the Sanpete For

mation across Sanpete Valley at Sixmi1e Canyon (Fig. 9). By project

ing the section northward along structural strike, the same rocks are 

inferred to be present beneath the North Horn Formation at Wales, 

although time-equivalent rocks emerge from the west side of the 

Gunnison Plateau as alluvial plain conglomerates. 

The presence of an anticline cored by tectonically thickened 

Arapien Formation beneath the Sanpete Valley near Wales was documented 

by Gilliland (1963), and is demanded by the northward projection of 

surface structures from the Sixmi1e Canyon area. Wells along struc

tural strike near Salina have penetrated 2745 m (9000 ft) of shaie and 

salt (Gilliland, 1963; Ritzma, 1972). As suggested by seismic data, 

the underlying Nugget Sandstone is probably undeformed with the ex-
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ception of possible normal faults (which are shown here to sole into 

the Arapien). The Nugget is inferred to be separated from the over

lying section by a decollement above which the Gunnison Plateau trans

lated eastward. The decollement is inferred to terminate as a blind 

thrust in the core of the anticline beneath Sanpete Valley. 

The Tennessee Gas Transmission Co. #1 J. W. Irons well, just 

north of the line of section (Figs. 7,9), penetrated the same units as 

those exposed at Sixmi1e Canyon (Fig. 9). These probably include a 

thin interval of steeply dipping Sixmi1e Canyon Formation beneath the 

Cretaceous-Tertiary unconformity. Beneath the Sixmi1e Canyon For

mation, the older units of the Indianola Group (the Funk Valley, Allen 

Valley, and upper Sanpete Formations) may be discerned on the 

lithologic log (John Welsh, unpub. well log). The well bottoms about 

55 m (180 ft) beneath a transgressive marginal marine sandstone that 

marks the top of the Sanpete Formation at Sixmile and Salina Canyons 

(Lawton, 1982), and has been correlated with the Dakota Formation in 

the well (Hale, 1972; Ritzma, 1972). Structural relations near the 

well are projected along strike from Sixmile Canyon. According to the 

structural interpretation presented here, the well does not penetrate 

the lower Sanpete to Morrison(?) sequence exposed at Wales. 

The folded Upper Cretaceous section becomes concordant with 

overlying Tertiary rocKs somewhere beneath the Sanpete Valley to yield 

the disconformable relationships exposed on the east side of the 

Wasatch Plateau. 
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Cross Section 0-0' 

The northern cross section crosses the southern Wasatch 

Mountains from the vicinity of Spanish Fork to the junction of High

ways 6 and 89 near Thistle, and continues southeast into the Wasatch 

Plateau. Near the western end of the section, a broad homoc1ine in 

upper Paleozoic rocks probably represents the east limb of a broad 

ramp anticline. This structure suggests that the Nebo thrust ramped 

upward from a lower position beneath or west of the Wasatch Mountains 

at the western end of the section. The homoc1ine includes rocks as 

young as a coarse-grained equivalent of the Sixmi1e Canyon Formation 

(Pinnell, 1972; Lawton, 1982). The simple structure of this ramp 

zone, in comparison to the complex splay structures shown on the 

southern cross section, may be due to the presence of Twin Creek 

Formation rather than the more incompetent Arapien Formation beneath 

the western portion of the thrust. 

Subsurface data from near Strawberry Reservoir (R. Maud, pers. 

commun., 1982) suggest that stratigraphie separation may be small a

cross the Charleston-Nebo thrust. The favored interpretation is that 

the Nebo thrust is a large-scale faulted and overturned anticline with 

variable displacement along strike, and constitutes a splay of the 

blind thrust. 

Surface exposures indicate a synclinal structure beneath 

Tertiary rocks east of the homocline The presence of such a structure 

is corroborated by relations in Cretaceous rocks to the north (Young, 
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1976). The presence of an Arapien-cored frontal anticline, again the 

site of a major normal fault, is indicated by an east-facing Twist 

Gulch section in the upper reaches of Lake Fork Canyon, where a coarse 

conglomeratic unit, representing a basal facies of the North Norn For

mation (Pinnell, 1972) is unconformable on Twist Gulch along the east 

flank of the anticline. The conglomerate grades up into a thick North 

Horn section (Pinnell, 1972). Ten kilometers (6 mil to the south, in 

the Indianola district, flat-lying Flagstaff rests directly on verti

cal Twist Gulch beds (Spieker, 1946), showing the on1ap relationship 

typical of the Tertiary section on the west flank of the Wasatch 

Plateau. The entire section becomes concordant to the southeast be

neath the plateau. 

General Structural Geometry 

The central Utah thrust terrane is characterized by several 

structural charcteristics common to other portions of the Cordilleran 

thrust belt. The recognition that folded rocks of the Sanpete Valley 

and eastern Gunnison Plateau are an integral part of the thrust belt 

makes it clear that younger rocks occur at the soles of thrust plates 

from west to east, much like the longitudinal age belts exposed in the 

Canadian Rocky Mountains and in Wyoming (Armstrong and Oriel, 1965; 

Price and Mountjoy, 1970). During folding, sandstone and con

glomeratic units behaved concentrically, but thick shale horizons de

veloped pervasive small-scale disharmonic foids and underwent local 
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thickening through flowage into hinge zones. Initial thickening of 

the Arapien Formation of the Sanpete Valley probably occurred by du

plexing (Gagnon and Charlesworth, 1982) of shale beds. The thick 

shales and evaporites of the Arapien acted not only as a detachment 

horizon beneath the eastern portion of the Charleston-Nebo allochthon 

and the Gunnison Plateau, as originally suggested by Hunt (1950), but 

they also deformed complexly in the ramp zone west of the Gunnison 

Plateau, resulting in subsidiary thrust splays and disharmonic folding 

(Bl ack, 1965). 

Following the interpretation of Gilliland (1963), the frontal 

anti~line is considered here to be a coherent asymmetric fold, 

although with the addition of a blind thrust (Fig. 10) as defined by 

Thompson (1981) and local antithetic thrusts similar to those of the 

Salt River Range in Wyoming (Royse et ale 1975, section X-X'). De

form~tion in the Canadian foreland similarly dies out basinward in 

IItriangl e structures ll cored by shaly and coaly units (Price, 1981; 

Jones, 1982). Alternatively, the eastern belt of Arapien Formation 

could mark the outbreak of steep thrusts that mimic the steep to over

turned bedding attitudes on the east flank of the Gunnison Plateau 

(Fig. 11). In the latter interpretation, steeply-dipping sections on 

the east flank of the structure would represent drag folding beneath 

the thrust. A similar interpretation has been depicted by Stanley and 

Col~inson (1979). 
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Timing of Deformation 

Age of Synorogenic Deposits 

Biostratigraphic control on synorogenic deposits has recently 

been expanded, both through more widespread molluscan control in ma

rine facies (Lawton, 1982) and recent palynomorph determinations 

(Fouch et a1., 1982). The improved control allows constraints to be 

placed on the duration of basin subsidence in central Utah, and thus 

on the probable extent and influence of major thrusting if a flexural 

model for basin subsidence is accepted (Jordan, 1981; Lawton and 

Mayer, 1982). 

The fluvial deposits beneath the Indianola Group contain con

glomeratic facies probably of Jurassic and Lower Cretaceous age. The 

Morrison(?) sandstones contain significant potassium feldspar indica

tive of a plutonic or basement source, which suggests that such early 

foreland conglomerates may be related to arc-related thermal uplift 

rather than thin-skinned thrusting. The older Cretaceous conglomer

ates are separated from Upper Albian through Cenomanian Indianola 

rocks by an appreciable hiatus if an Aptian age is accepted for the 

former (Stokes, 1952; 1972), and particularly if they in fact 

correlate with the Morrison Formation of the Colorado Plateau. 

The earliest firm age for synorogenic Indianola strata is pro

vided by upper Albian palynomorphs recovered in the Gunnison Plateau 

300 m (984 ft) above the base of the section regared here as Indianola 

(Standlee, 1982; Frank Royse, pers. commun., 1983). Middle Turonian 
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marine mollusks occur in sandstone of the upper Sanpete Formation in 

Salina Canyon (Fouch et a1., 1982). The marine sandstone rests gra

dationally upon a thick marginal marine and fluvial sequence of the 

lower Sanpete Formation (Lawton, 1982). By inference, Indianola depo

sition probably began in late Albian time. In eastern outcrops, the 

Indianola Group preserves a continuous Turonian to early Santonian ma

rine sequence punctuated by a late Turonian episode of deltaic sedi

mentation (Lawton, 1982). Fluvial sedimentation, recorded by the Six

mile Canyon Formation, began in Santonian time. Sedimentation pro

bably continued more or less continuously until late Santonian or 

early Campanian time, as indicated by pollen from a section equivalent 

to rocks high in the Sixmi1e Canyon Formation (Hayes, 1960; Fouch et 

al., 1983). The uppermost Sixmi1e Canyon Formation may contain more 

time gaps, as suggested by a thinner section which spans a greater pe

riod of time. The overlying "Price River Formation" of Spieker (1946) 

at Sixmi1e Canyon has yielded upper Campanian pollen (Fouch et a1., 

1983). A subsidence curve for the basin is shown in Figure 12. 

Price River Formation 

It has been asserted that the Price River Formation provides a 

minimum age for thrust faulting in central Utah because it on1aps the 

thrust faults (Armstrong, 1968a). However, there are two separate 

structural units in the thrust belt region which have borne the name 

Price River. One unit is of Cretaceous age, and probably predates 

latest thrusting, while the other is a restricted basal part of the 

overlap assemblage, and is of probable Tertiary age. 
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The type Price River Formation in the northeastern Wasatch 

Plateau consists of braided-fluvial, pebbly, sheet sandstones of sub

lithic quartzose composition, and is of late Campanian age (Fouch et 

al., 1983). Probable time-equivalent rocks are exposed at the top of 

the Indianola section in Sixmile Canyon (Fig. 9; Spieker, 1946), at 

Lake Fork (Pinnell, 1972), and in the Cedar Hills (Schoff, 1951; 

Jefferson, 1982). At these localities, the strata consist of coarse 

sandstones and conglomeratic sandstones that are apparently concordant 

with the rest of the Indianola section. Campanian Price River and e

quivalent detritus was derived directly from the thrust belt, as shown 

by its composition and eastward-directed paleocurrents (Chapter 4), 

deformed at the margin of thrusting with the rest of the Indianola 

section, and unconformably onlapped by rocks of Maastrichtian to 

Paleocene age (Fouch et al., 1982). 

Other strata which have also been called Price River Formation 

occupy a position above the Cretaceous-Tertiary boundary. The strata 

form a basal conglomeratic facies of the Tertiary North Horn or 

Flagstaff Formation and are not part of the deformed sedimentary 

section. The facies consists of coarse conglomerate deposited in al

luvial fan and alluvial plain environments. The conglomeratic facies 

grades laterally into sandier lithologies, as shown by exposures along 

tJle east fl ank of the Gunni son Pl ateau, and occurs interbedded wi th 

limestones of Tertiary age north of the Lake Fork locality (Young, 

1976). The post-unconformity conglomerates also occur at Chicken 

Creek in the Gunnison Plateau, where they overlie Indianola con-



glomerates with angular discordance and grade vertically into 

Flagstaff Limestone. 
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The two units in question may be discriminated using structural 

criteria. The older clastic beds are a concordant part of the 

Indianola Group and are Late Cretaceous in age (Fouch et a1., 1983); 

consequently, it is preferable to regard the older unit as a coherent 

part of the Sixmile Canyon Formation, possibly deposited during onset 

of deformation at the eastern limit of the thrust belt, and to re

strict the name Price River Formation to the uppermost unit of the 

Mesaverde Group of the Wasatch Plateau (see Chapter 4). Conglomerates 

over1ying the unconformity and concordant with, or gradational into, 

recognizable units of the overlap assemblage are of probable Tertiary 

age, and should be included in the North Horn Formation. The younger 

conglomerates record episodic Tertiary uplift, perhaps as an isostatic 

response to thrust belt erosion or during the development of 

monoc1ina1 flexures of the type which have been recorded at several 

places within the Utah thrust belt (Jefferson, 1982). 

Interpretation 

Major thrusting in central Utah probably began in late Albian 

time, signaled by the onset of Indianola deposition. Minor precursor 

thrusting may have occurred earlier in Lower Cretaceous time. If so, 

it is recorded by the thin poorly-dated conglomeratic units beneath 

the Indianola Group. Thrusting occurred episodically during Indianola 

deposition and was probably complete by late Campanian or early 

Maastrichtian time, when youngest Indianola rocks were folded during 
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deposition of the type Price River Formation. Non-deposition followed 

until Paleocene time when the folded rocks were onlapped from the east 

by strata which are progessive1y younger in a westward direction. 

Mechanism of Deformation 

Data from the cross sections and temporal considerations 

strongly favor thrust faulting as the underlying cause of deformation 

adjacent to the Utah foreland basin. The simple folding model of 

Spieker (1946) fails to account for the apparently undeformed nature 

of the Nugget Sandstone beneath the Sanpete Valley. Instead, a 

decollement horizon is necessary to accomodate shortening in the 

post-Nugget section. 

Several observations argue against large-scale diapirism of 

the Arapien Formation as a cause for the steeply dipping sedimentary 

sec- tions. Folding and repetition of units older than the Arapien, 

as in the west foothills of the Gunnison Plateau, eliminate Arapien 

diapirism as the only mechanism for folding. In addition, rock units 

in the Sanpete Valley anticline retain their gross stratigraphic order 

in all cases. The Arapien does not cut across stratigraphic sections 

in the manner of Gulf Coast salt diapirs as described ~y Atwater and 

Forman (1959). Apparent exceptions to this observation are 

small-scale diapirs, which are circular to elliptical structures with 

wavelengths on the order of 200 to 1,500 m (660 to 4920 ft), in Salt 

Creek Canyon east of Nephi (BlacK, 1965) and the Indianola district 

(Runyon, 1977). These local diapirs do appear to truncate younger 

rocks. 
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Final deformation at the eastern edge of the thrust belt was 

apparently concurrent with deposition of strata equivalent to the up

permost part of the Indianola section (type Price River Formation), 

and may have slightly post-dated any preserved depositional record in 

the Sanpete Valley area. Folding was complete prior to deposition of 

the Tertiary overlap assemblage. Thus, easternmost deformation was 

essentially contemporaneous with the final dispersal of clastic 

detritus derived from the thrust belt. The structural geometry and 

timing of deformation thus combine to favor a thrust-related origin 

for most presently recognized folding in the Sanpete Valley area. 

The Problem of Facies Foreshortening 

Displacement of as much as 64 km (40 mil has been suggested 

for the Charleston-Nebo allochthon on the basis of isopach 

dislocations in various Paleozoic units (Crittenden, 1961). The 

hypothesized far- travelled nature of such leading-edge structures has 

important im- plications for related terranes, including the Gunnison 

Plateau. How- ever, current knowledge of miogeoclinal prisms (Stewart 

and Poole, 1974) indicates that rapid thickening and addition of units 

across the hingeline may be expected, and displacements based on 

linear thickness increases may be more apparent than real. 

A similar argument for large-scale displacement of the 

Gunnison Plateau has been based on facies foreshortening in the 

Indianola Group: coarse conglomerates of the eastern Gunnison Plateau 

ap- parently give way within 5.5 km (3.3 mil to a marine-dominated 

section in the Gennessee Gas Transmission Co. #1 J. W. Irons well 
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(Hale, 1972). As shown in cross section C-C', and discussed earlier, 

the well does not penetrate the portion of the section exposed on the 

east flank of the Gunnison Plateau at Wales. The evidence for a 

facies juxtaposition is thus nonexistent. The conglomeratic facies 

defined by Spieker (1946) as belonging to the lower Sanpete and 

Morrison(?) Formations is present at depth beneath the marine section, 

as it is present at Salina Canyon and in the southern Gunnison 

Plateau. Rapid facies chci'iges are the rule in Indianola rocks. 

Documented marine sections in the Cedar Hills pinch out southward into 

conglomerates of the northern Gunnison Plateau in less that 8 km (3.6 

mi)., In ad- dition, grain size analysis in Indianola rocks indicates 

that 50 per- cent shortening across the Sanpete Valley, or the amount 

of a simple anticline as reconstructed by Gilliland (1963), adequately 

accounts for any facies foreshortening which may be present (Chapter 

3; Lawton, 1982). 

Interpreted Regional Structure 

Deformation at the eastern margin of the thrust belt in 

central Utah consists of ramp anticlines, subhorizontal decollements, 

and blind-thrusted frontal folds. Piggyback-style thrust faults lie 

farther west, and are discontinuously exposed at localities in the 

Canyon and Pavant Ranges (Christianson, 1951; Burchfie1 and Hickox, 

1972; Swank, 1978). A map of generalized regional structural re

lations is presented in Figure 13. The leading edge of deformation is 

characterized by an extensive synclinal zone adjacent to a blind

thrusted frontal anticline cored by the Arapien Formation. The pre-
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sence of a continuous subcrop belt of Arapien from the Sanpete Valley 

northward through the Cedar Hills is indicated by scattered outcrops 

in the Indianola district (Runyon, 1977). A zone of antithetic 

thrusting on the west limb of the frontal fold is exposed on the east 

flank of the Gunnison Plateau. 

The frontal anticline continues northward east of the 

Charleston-Nebo thrust. It is displaced eastward as the northward

plunging upper plate passes through an ~ echelon transfer (Dahlstrom, 

1970) and the frontal ramp steps eastward as interpreted in 0-0. 

North of Figure 13, the Nebo thrust is primarily exposured as an 

overturned fold, while ~Ie frontal edge of the thrust terrane lies 

12.8 km (8 miles) to the east (Bissell, 1959; Baker, 1976) The 

frontal anticline may have a structural counterpart in the Currant 

Creek anticline on the south flank of the Uinta uplift (R. L. Maud, 

pers. commun., 1982). 
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Conclusion 

The belt of folded Upper Mesozoic rocks which separates un

equivocal thrusted rocks from a flat-lying platform section in east 

central Utah was formed during late stages of thrust faulting. 

Shortening of the sedimentary section occurred by uplift of pre

Jurassic rocks on thrust ramps and horizontal translation of the en

tire section on a detachment horizon in the Arapien Formation. The 

deta.chment surface terminated eastward in a b1 ind-thrusted frontal an

ticline. The frontal structures were localized at the axis of 

thickening of continental deposits of the Carmel Formation into thick 

sabkha and lagoonal deposits of the Arapien Formation. The folded se

quence is truncated by a Paleocene overlap assemblage that was not de

formed by thrusting. Foreland basin subsidence was continuous from 

late Albian until late Campanian time, which suggests similar temporal 

limits for major thrust faulting in central Utah. Such limits would 

indicate a more restricted episode of thrusting in central Utah than 

in the Wyoming-Idaho-northern Utah thrust belt, where thrusting began 

in Late Jurassic time and continued until the Eocene (Armstrong and 

Oriel, 1966; Royse et a1., 1975). 



CHAPTER 3 

LITHOFACIES OF THE INDIANOLA GROUP 

The Indianola Group forms the westernmost preserved part of 

the foreland basin. Indianola conglomerates, sandstones, and shales 

occupy a north-northeast-trending linear belt which separates thrust

faulted older rocks on the west from essentially flat-lying strata of 

the Colorado plateau on the east. The Indianola Group has long been 

interpreted as synorogenic deposits transported eastward away from the 

thrust-faulted terrane (Spieker, 1946; Harris, 1959; Armstrong, 

1968a). The section was folded on structures here interpreted to be 

related to continued thrust faulting adjacent to the western basin 

margin. The nature of the Indianola section thus records the rela

tionship of thrust belt deformation to resulting sedimentation in the 

foreland setting. Interpretation of the depositional facies of the 

Indianola Group serves to relate the stratigraphic and structural 

information into a coherent picture of syntectonic sedimentation and 

deformation in the foreland basin. The purpose of this chapter is to 

provide a model for regional lithostratigraphic correlation based on 

facies successions established for various Indianola sections in 

central Utah. The coarse clastic aspect, disconnected outcrop pat

tern, and often complex structure of the Indianola Group has hindered 

correlation of important stratigraphic intervals in most areas. 

41 
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Correlation problems have in turn prevented a clear understanding of 

the continuity of both regional structural geology and depositional 

systems in the central Utah thrust belt. The correlations proposed 

here stern from the observation that a consistent succession of 

laterally equivalent facies 1s present in Indianola sections of the 

region. The depositional facies used to make the correlations are 

described briefly. This information can be used as the basis for more 

detailed investigations into local Indianola sedimentology, including 

biostratigraphic, petrographic i and paleogeographic analyses. 

Methods 

To assemble the data used in making the following correla

tions, five reasonably complete or continuous Indianola sections were 

selected for study. Selections were made on the premise that each 

chosen locality should contribute to regional understanding because of 

(1) stratigraphic continuity and/or completeness, (2) relatively 

ll-exposed structural relations, and/or (3) paleontologic impor

tance. The selected sections were mapped locally at a scale of 

1:24,000 to define the structural geology and the field relationships 

of the section to enclosing rocks. If a section had been mapped 

previously, interpretations were checked and modified in the field and 

on air photos. Due to the great thickness of Indianola sections, 

individual interval thicknesses were determined from the maps, while 

critical faties sections were measured with a Jacob's staff. Fossils 

were collected where present to add biostratigraphic information and 

reinforce facies interpretations. Crossbeds and cobble imbrication 



were measured where available and the data rotated about structural 

strike on an equal-angle net to determine paleocurrent trends. 

Location and Tectonic Setting of the Indianola Group 
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Rocks mapped as Indianola Group occupy scattered outcrops in a 

north-northeast-trending belt along a southward extension of the 

Wasatch mountains in the easternmost part to the Basin and Range 

province (Fig. 14). Important Indianola sections occur on the lower 

western flank of the Wasatch Plateau, in the Cedar Hills east of the 

southern end of the Wasatch Mountains, on the Gunnison Plateau, and in 

the Canyon Range (Christiansen, 1952). Strata of the more western 

outcrops are coarser grained and contain a higher proportion of con

glomeratic facies than do those of eastern exposures. Localities in 

the Wasatch Plateau have recognizable lithologic affinities with 

time-equivalent units exposed on the eastern flank of the plateau. 

The eastward-fining trends in overall grain size led to the initial 

inference of a western source for Indianola clastics (Spieker, 1946). 

The Indianola group is 4,000 m thick in its most complete 

section in the Cedar Hills (Jefferson, 1982). A roughly comparable 

section in Sixmile Canyon on the flank of the Wasatch Plateau is 2500 

m thick, indicating that Indianola strata become thinner as well as 

finer eastward. At all localities except the Canyon Range, Indianola 

rocks rest disconformably upon older fluvial redbeds. Although the 

age of the subjacent strata is unknown, the Indianola rocks appear to 

rest everywhere upon an equivalent lithostratigraphic interval. Based 

on its stratigraphic position, Spieker (1946) assigned the interval to 
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Figure 14. Location map of central Utah, showing the 
distribution of Indianola and older sedimentary rocks. Untextured 
areas represent rock~ younger than the Indianola Group. Bold numerals 
indicate locations of Indianola sections described in the text: (1) 
Chicken Creek, Gunnison Plateau; (2) Hop Creek Ridge, Cedar Hills: 
(3) Lake Fork; (4) Sixmi1e Canyon; (5) Salina Canyon. Modified from 
Hintze (1980), using mapping by Swank (1978) and Jefferson (1982). 
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the Morrison(?) Formation and inferred it to be of Jurassic age, 

although this assignment was made before Lower Cretaceous strata were 

recognized above the Morrison on the Colorado Plateau (Katich, 1951; 

Stokes, 1952). In the Canyon Range, a 3800 m section of Indianola-type 

conglomerates laps unconformably across several lower Paleozoic 

sedimentary units and is overridden by the upper plate of the Canyon 

Range thrust (Christiansen, 1952; Swank, 1978). It is not yet known 

how the Indianola section of the Canyon Range correlates with the 

sections described here, but the stratigraphic and structural rela

tions and clast compositions suggest equivalence with the lower part 

of the Indianola Group (Fig. 2). 

The Indianola sections themselves are everywhere folded on 

thrust-related structures and are best exposed in east-facing homo

clines of moderate to steep dip. The older structures have been 

modified by subsequent folding in the Wasatch monocline and monocline 

on the east flank of the Gunnison Plateau, two episodes of extensional 

faulting, and local diapirism, but none of the younger strata shows 

evidence of older on younger thrust relations. Tertiary sedimentary 

rocks unconformably on1ap the Indianola sections at all localities 

(Stanley and Collinson, 1979). Cross sections at Sixmile and Salina 

Canyons show the stratigraphic and structural relations typical of 

most Indianola sections (Fig. 9). 

Nomenclature and Age of Indianola Rocks 

The Indianola Group was defined by Spieker (1946). He sub

divided the group into four formations with type localities in the 



Sixmi1e Canyon area. The formations are, in ascending order: 

(1) Sanpete Formation: nonmarine and marine conglomerate, 

sandstone, and shale; 

(2) Allen Valley Shale: marine sandstone and shale: 

(3) Funk Valley Formation: marine sandstone and shale; and 

(4) Sixmi1e Canyon Formation: fluvial conglomerate, sand-

stone, and shale, with a middle coal-bearing member. 
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Spieker's units are indicated on the right side of Figure 15. 

The Sixmi1e Canyon Formation was recognized with certainty only at the 

type locality, while the other formations were correlated to similar 

units exposed in the lower part of Salina Canyon to the south (Fig. 

14). Spieker recognized the Sanpete Formation in Lake Fork to the 

north, although it has not subsequently been mapped there (Pinnell, 

1972). The Funk Valley was tentatively recognized in the Cedar Hills 

at Hop Creek Ridge. Elsewhere in the thrust belt, the Indianola Group 

remained undifferentiated. 

Contacts between formations of the Indianola Group are con

cordant and appear to be conformable, with the possible exception of 

the contact between the Funk Valley and Sixmi1e Canyon formations. 

Pinnell (1972) reported an unconformity at the base of beds in Lake 

Fork here regarded as equivalent to type Sixmi1e Canyon Formation. A 

rapid facies change from upper Funk Valley to Sixmi1e Canyon at all 

localities studied allows the possibility of a widespread hiatus 

between the two formations. Definitive paleontologic evidence on the 

issue is not currently available, and inferences regarding the nature 



Figure 15. Interpretive lithofacies columns of the Indianola 
Group from five locations in central Utah. Correlation lines indicate 
lithostratigraphical1y equivalent intervals. Columns with coarser 
grained lithologies are shown at left, with overall grain size 
decreasing to the right. Graphic facies representations are schematic 
and not intended to represent true scale of cyclic deposits. 
Individual formations defined by Spieker (1946) are shown on the 
extreme right hand margin. Numbered locations above columns 
correspond to numerals in Figure 14. For further discussion of 
correlations and nomenclature, see text. 
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of the contact must be based on structural relations and relations 

between possible lateral equivalents on the east flank of the Wasatch 

Plateau, as described below. 

Indianola rocks range in age from late Albian to Campanian 

(Fig. 6). Late Albian spores and pollen occur 600 m (1968 ft) above 

the base of the Indianola section in Chicken Creek (Standlee, 1982; 

Frank Royse, pers. commun., 1983). Early Turonian ammonites reported 

by Spieker (1946) at the type locality of the Allen Valley Shale have 

proven to be a widespread component of the fossil fauna in the lower 

to middle part of the unit (Fig. 15). The cephalopods, identified as 

Co11ignoniceras woo11gari by W. A. Cobban of the U. S. Geological 

Survey, indicate that the Allen Valley Shale is equivalent to the 

upper part of the Tununk Shale Member of the Mancos Shale of the 

western Colorado Plateau. By extrapolation, the upper Sanpete Forma

tion is equivalent to the lower Tununk and part of the Dakota Forma

tion to the east (cf. Ryer, 1981). The Coniacian bivalve Inoceramus 

deformis occurs in the middle part of the type Funk Valley Formation 

at Sixmi1e Canyon, indicating a time-stratigraphic equivalent in the 

B1uegate Shale Member of the Mancos Shale (Fisher et a1., 1960). 

Inoceramus deformis is also reported from the middle part of a stra

tigraphic interval equivalent to the Funk Valley Formation in the 

Cedar Hills (Schoff, 1951). Recently, Campanian pollen have been 

recovered by D. J. Nichols (Fouch et a1., 1982) from strata shown by 

Spieker (1946) as Price River Formation in Sixmi1e Canyon. Those 

strata are regarded here as a concordant part of the Sixmi1e Canyon 
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Formation (Figs. 9, 15). Thus, the Campanian date is considered to be 

the upper age limit of preserved Indianola rocks in a complex zone of 

syntectonic sedimentation and deformation. Consequently, although 

difficulty exists in picking the lower lithologic boundary, rocks 

correctly mapped as Indianola in central Utah are here regarded as 

Albian to Campanian in age. They are inferred to be separated from 

older and younger rocks by significant time gaps. 

Depositional Facies of the Indianola Group 

The Indianola Group contains a distinctive lithologic suc

cession which can be identified at several localities just west of the 

Wasatch Plateau. Certain facies associations, particularly those of 

fluvial origin, are present at several different horizons in the 

section, but contrasts in their thicknesses and the nature of the 

underlying and overlying lithofacies should allow the worker presented 

with a hundred meters of section or drill core to ascertain his 

position within the sequence. Lithostratigraphic equivalence is more 

difficult to demonstrate for rocks of western exposures, such as those 

in the Gunnison Plateau. Nevertheless, approximate correlations can 

be made between key coarsening-upward (regressive) or fining-upward 

(transgressive) packages of the section on the Gunnison Plateau and 

similar cycles in the more distal facies of the Wasatch Plateau. 

Comparison of 1ithostratigraphically equivalent intervals shows that 

Indianola rocks exhibit a gradual west to east decrease in grain 

size. Paleocurrent indicators show that the different depositional 



facies evolved in conjunction with a downcurrent diminution in grain 

size. 
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Most localities selected for study are not connected by 

continuous exposures of Indianola rocks, but are instead separated by 

younger rocks or major structural discontinuities. However, struc

tural continuity may be inferred beneath younger rocks between strati

graphically similar sections, such as those at Salina and Sixmile 

Canyons (Fig. 9). In other cases, paleontologic evidence exists to 

link sections at critical points. The equivalence of the section (and 

basal disconformity) at Hop Creek Ridge in the Cedar Hills and the 

lithologically dissimilar section at Chicken Creek in the Gunnison 

Plateau is confirmed by the continuity of exposed Indianola rocks 

between the two localities (Fig. 14). 

Eight distinct facies associations are recognized in the 

Indianola Group: (1) alluvial fan conglomerate; (2) braided fluvial 

or alluvial plain conglomerate; (3) braided fluvial massive pebbly 

sandstone; (4) meanderbelt fluvial sandstone and siltstone; (5) delta 

distributary sandstone and pebbly sandstone; (6) lagoonal sandstone, 

siltstone, and mudstone; (7) nearshore marine sandstone, including 

barrier beach and bar deposits and delta front sheet sand deposits; 

and (8) marine shelf or prodelta mudstone and siltstone with thin beds 

of very fine grained sandstone. 

General lithologie descriptions of each facies follow under 

separate headings, and are accompanied by brief accounts of their 

geographic and vertical distribution in the Indiano1a section. The 
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facies successions described below are depicted graphically in Figure 

15. Correlation lines in the figure indicate approximate equi

valence. Formation names are applied to sections only in the usage of 

Spieker (1946), as discussed earlier. "Formation-equivalent" is the 

term employed here to indicate general lithostratigraphic, but not 

strict formational, equivalence. 

Alluvial Fan Facies 

Rocks deposited in unequivocal fan environments consist of 

massive cobble and boulder conglomerates. The deposits are broadly 

lenticular, with a dpcumented outcrop persistence of over 9 km along 

strike in the Gunnison Plateau (Hunt, 1954). Outcrops are massive, 

with bedding defined by lenticular interbeds up to 2 m thick of 

red-weathering, coarse-grained sandstone. Conglomeratic beds are 

tabular to broadly lenticular, and reach thicknesses of 4 m. The 

conglomerates are mostly clast-supported and without imbrication, but 

a matrix of angular medium to very coarse grained sandstone supports 

clasts near the bases of some beds. Clasts range in diameter from 

several mrn to as high as 1 m in the same bed. A typical exposure is 

illustrated in Figure 16. 

Massive cong1umerates interpreted as alluvial fan deposits 

occur at Lake Fork at the top of the exposed section, in Salina Canyon 

about 100 m above the base of the Sanpete Formation, in the Cedar 

Hills in the lower Sixmile Canyon-equivalent, and at Chicken Creek 

about one-third of the way up the section and at the top of the 

section. The upper exposures in Chicken Creek consist of massive 



Figure 16. Exposure of conglomerate deposited on an alluvial 
fan. Outcrop occurs near top of Indianola section, Chicken Creek, 
Gunnison Plateau. 
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conglomerate up to 240 m thick intercalated with graded conglomerate 

and sandstone. The sparse matrix-supported conglomerates of the 

alluvial fan facies were probably deposited by debris flows, but the 

dominance of clast-supported conglomerates in exposures studied 

indicates that most conglomerates were deposited by sheet flood and 

braided fluvial processes (Bull, 1972). Modern alluvial fans domi

nated by clast-supported textures have been described as products of 

humid-climate deposition (Schramm and Numrnedal, 1982). 

Conglomeratic Braided Fluvial Facies 

53 

Conglomerates interpreted as the result of deposition by 

fluvial processes consist of stacked offset channels of clast

supported conglomerate that form amalgamated sheets up to about 15 to 

30 m thick (Fig. 17). The sheets are separated by horizons of red

weathering siltstone and silty sandstone several meters thick. The 

interbedded siltstone intervals cause the entire facies to be stained 

orange-red, in sharp contrast to the white-weathering massive con

glomerates. Channel form beds within the conglomeratic sheets are 

about 2 m thick with scoured bases. Clast size diminishes upward in 

individual beds. Clasts are 2 mID to 30 em (rarely larger) in longest 

dimension, often imbricated in the lower parts of beds. The con

glomerate beds are either overlain on scoured contacts by succeeding 

conglomeratic horizons or capped by 1/2 to 1 m of fineto coarse

grained angular sandstone with low-angle trough crossbedding and 

horizontal lamination. 



Figure 17. Key to symbols used in detailed lithofacies columns 
and measured section of a single amalgamated conglomeratic sheet in 
the lower 24 m of strata considered to be Indianola Group at Chicken 
Creek in the Gunnison Plateau. The section is underlain by thick 
siltstone overbank deposits of unknown age and overlain by a thin 
horizon of silty sandstone (not shown). Location is SE1/4 sec. 2, T. 
15 S., R. 1 E., Nephi, Utah, 15 1 quadrangle. 
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The graded conglomeratic facies is interpreted to have been 

deposited by braided streams on alluvial plains, a depositional 

environment described by Rust (1972). This facies dominates the lower 

half of the Chicken Creek section and forms a 225 rn thick interval 

between massive conglomerates at the top of the section there. Cobble 

imbrication, scour furrows, and sandstone crossbeds indicate an 

eastward to no.~.theastward dispersal direction for conglomerates both 

near the base and at the top of the section. Sedimentation cycles 

near the top of the section are 8-10 m thick, topping in very fine- to 

medium-grained sandstone with undulose bedding, thin shaly partings, 

and sparsely burrowed bed tops. Similar facies occur at Lake Fork and 

in the Cedar Hills in lower Sanpete-equivalent beds, where maximum 

clast size is smaller and conglomeratic horizons are separated by 

thicker sandstone intervals. 

Clast type populations differ somewhat between alluvial fan 

and fluvial conglomerates in western Indianola outcrops. Alluvial fan 

conglomerates in the Gunnison Plateau show skewed clast populations 

composed of 80~ or more of either quartzite clasts or detrital car

bonate clasts. In contrast, graded fluvial conglomerates tend to have 

sub equal amounts of quartzite and detrital carbonate. Northward along 

the same outcrop belt, alluvial fan deposits show more mixing of 

carbonate and quartzite clasts (Jefferson, 1982). It appears that 

alluvial fans in the Gunnison Plateau sampled source areas dominated 

by a single rock type, while west of the Cedar Hills source areas were 

characterized by more lithologic diversity. Fluvial conglomerates 
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apparently consist of clasts from a variety of sources whose contribu

tions were mixed during transport. Thus, more distal fluvial environ

ments contain more heterogeneous clast populations. An important 

implication of this concept is that tests for inverted stratigraphies 

associated with adjacent tectonic belts (see Armstrong, 1968a) should 

consider the effects of environmentally dependent factors on clast 

composition. 

Sandy Braided Fluvial Facies 

The sandy braided fluvial facies consists of white-weathering 

fine- to coarse-grained pebbly sandstone with poorly sorted angular 

grains. Sandstone beds are massive and ungraded, although coarse

grained horizons up to about 8 m thick may be capped by thinner 

fine-grained intervals. Rounded to subrounded pebbles up to 10 cm 

across occur dispersed throughout the sandstone in basal lags to 2 m 

thick. Structures include trough crossbedding up to 50 em high and 

horizontal lamination. The lack of siltstone and shale in this facies 

is apparently the result of repeated scouring at the bases of succes

sive sandy packages. Bedding in the facies is indistinct, but typi

cally weathers back along fine-grained sandstone horizons. Sparse 

plant fragments occur in the deposits as log casts in basal lags and 

as leaves in fine-grained sandstone intervals. A continuum exists 

between the sandy braided facies and the previously described graded 

conglomerates. In the lower Sixmile Canyon-equivalent of the Cedar 

Hills, graded conglomerates are present interbedded with massive 

pebbly sandstones. The sandy braided facies is also well developed in 
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the lower and upper members of the type Sixmi1e Canyon Formation and 

for 60 m in the lower Sanpete Formation in Salina Canyon. Paleo

current data from this facies of the lower Sixmile Canyon Fonmation in 

the Cedar Hills and in Sixrni1e Canyon indicate sediment transport to 

the east-southeast. 

Meanderbelt Fluvial Facies 

The meanderbelt fluvial facies, depicted in Figures 18 and 19, 

consists of fining-upward cycles approximately 10 to 30 m thick, with 

a lower sequence 3 to 10 rn thick of fine- to coarse-grained sandstone 

grading up into very fine grained sandstone, siltstone, and gray silty 

claystone intervals 6 m and more thick. The sandstone beds are in 

general broadly lenticular, particularly the thinner ones, and tend to 

pinch out laterally into fine-grained intervals overlying other 

sandstones. The sandstone bodies overlie scoured bases and contain a 

basal zone of coarse-grained sandstone rich in pebbles or mudchips. 

Both grain size and magnitude of sedimentary structures diminish 

upward. Trough crossbedding in the lower few meters averages 30 cm 

high, often overlain by a zone of contorted lamination. In places, 

these structures are overlain by 1 to 2 m of horizontally laminated 

fine-grained sandstone with parting lineation, which in turn grades up 

into ripple-laminated very fine grained sandstone, either massive or 

separated by thin mUdstone partings into 10 to 35 cm beds. The tops 

of the sandstone intervals are commonly marked by structureless very 

fine- to fine-grained sandstone, which grades into rarely exposed 

rust-brown siltstone and light gray claystone with abundant plant 
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fragments. The claystone and siltstone are interbedded with horizons 

up to 1.5 m thick of thinly bedded (up to 1.5 cm), rippled, light 

brown, very fine grained sandstone with tops marked by rootlet holes. 

The siltstone and claystone intervals are scoured at their upper 

contacts by succeeding sandstone bodies unless the facies succession 

locally evolved upward into a lower energy environment (Fig. 18). 

The succession of sedimentary structures may be interpreted in 

terms of a meandering river model (Stewart, 1981). The lower pebbly 

sandstone and mudchip-rich lag represent deposits of th~ channel 

complex, while the massive trough-crossbedded sandstones may be 

interpreted as lower point bar deposits. Horizontally laminated 

sandstone was probably deposited in an upper point bar environment. 

The rippled sandstone with mUdstone partings represents levee or 

accretionary bank deposition during flood events. The entire thick

nesses of the sandstone beds give approximate depths of the flood

stage channels of from 7 to 13 m in the lower Sanpete Formation at 

Sixmile Canyon. Siltstones and silty claystones represent floodplain 

deposition, with interspersed rippled sandstone representing crevasse 

splay deposits. 

The meanderbelt facies occurs in the lower Sanpete Formation 

at Sixmile and Salina Canyons, in the lower third of the Funk Valley 

Formation at Sixmile and Salina Canyons at Lake Fork, in probable 

upper Funk Valley-equivalent strata at Chicken Creek, and in the 

middle part of type Sixmile Canyon Formation and its equivalent in the 

Cedar Hills. In the Sanpete Formation at Sixmile Canyon, overlying 



Figure 18. Measured lithologic column from the upper Sanpete 
Formation at Sixmile Canyon, depicting the transition from fluvial to 
marine depositional environments. Symbols are the same as for Figure 
17. Environmental interpretations are shown at right. The top of the 
measured section is the base of the Allen Valley Shale at the type 
locality (Spieker, 1946), SW1/4 sec. 26 and SE1/4 sec. 27, T. 18 S., 
R. 2E., Sterling, Utah, 7.5 1 quadrangle. 
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siltstone and claystone horizons are absent in the lowermost cycles, 

but attain thicknesses of 14 m in the upper part of the facies, 

indicating less frequent channel migration with time. In the middle 

member of type Sixmile Canyon Formation, the percentage of 

finegrainedmaterial also increases upsection; coal beds up to 20 cm 

thick occur interbedded with dark brown carbonaceous shales and very 

fine grained sandstone in the upper part of the middle member. The 

associated sandstone beds are rippled, from 1 to 20 cm thick, and 

contain abun- dant leaf impressions. Tops of beds are occasionally 

burrowed. These thick overbank sequences result in locally poor 

exposures. 

Delta Distributary Sandstone Facies 
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The distributary sandstone facies has been recognized only in 

the Chicken Creek section, where it marks the first major break in 

conglomerate deposition. It occurs in two discrete parts of the 

section separated by a major graded conglomeratic interval (Fig. 15). 

The lithologic succession of the lower part is shown in Figure 19. 

The facies consists of coarsening-upward sequences which overlie 

several fining-upward cycles of sandstone and siltstone ranging in 

thickness from 3.5 to 22 m. 

The coarsening-upward sequences consist of basal wavy beds of 

very fine pink- to tan-weathering sandstone. Plant fragments, well 

preserved leaf impressions, and burrows are common in the wavy beds, 

which compose 4 to 6 m of section. A single nonmarine gastropod was 

found in similar wavy beds above the section depicted in Figure 19. 
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Figure 19. Measured lithologic section through facies 
interpreted to represent progradation of distributary channel 
sandstone across lagoonal deposits. Symbols are the same as for 
Fi?ure 17. Location is SE1/4 sec. 12, T. 15 S. R. 1 E., Nephi, Utah, 
15 quadrangle. 
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The wavy beds are succeeded on sharp contacts by laterally extensive 

tabular beds of poorly sorted angular pebbly sandstone, which is also 

burrowed. Grain size generally increases upsection from fine to 

coarse, along with an increase in pebble content. Horizontal lamina

tion and small-scale trough-crossbeds are common in the pebbly sand

stone layers, which are laterally continuous for at least a kilometer. 

The coarsening-upward sandstones are interpreted to represent 

progradation of distributary channel sandstone into standing water of 

hyposaline lagoonal or interdistributary bay environments. A similar 

facies association has been documented along the subaerial-subaqueous 

delta margin of the Copper River fan-delta (Galloway, 1976). At 

Chicken Creek, a transgressive graded conglomerate to pebbly meander

belt transition underlies the interval, and overlying fining-upward 

conglomeratic packages of assumed delta-plain origin separate inter

vals of the coarsening-upward sandstone. The overall facies sequence 

lends strength to the interpretation of the succession, which con

trasts in aspect with all other lithologic successions of the 

Indianola Group. 

Lagoonal Facies 

The lagoonal facies, or deposits of restricted inter

distributary bays, preserves a complex assemblage of interbedded very 

fine- to fine-grained sandstone, siltstone, and mudstone (Fig. 18). 

Sandstone bodies occur in three distinctive associations: 

(1) Coarsening-upward sheet sandstones, usually 1-2 m thick, 

grade upward from rippled very fine grained sandstone into troughand 
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planar-crossbedded fine-grained sandstone. Such sandstone sheets are 

commonly rich in mudchips and their tops are commonly burrowed. The 

sandstone beds are laterally continuous for over a kilometer along 

structural strike and thin very gradually to eventual terminations. 

Localized patch reefs of the oyster Crassostrea soleniscus occur on 

some bed tops in the Sanpete Formation of Sixmile and Salina Canyons. 

The sandstone beds are commonly separated by sandstones of category 2. 

(2) Wavy to lenticular beds of very fine grained sandstone 

occur interbedded with siltstone and separated by thin mUdstone 

partings. The sandstone beds are 1/2 to 2 cm thick. In the type 

Sanpete Formation, the beds thicken upward from massive siltstone and 

grade into the rippled massive sandstone beds described above. The 

wavy beds are commonly burrowed, and at Lake Fork in the lower Funk 

Valley-equivalent they contain bivalve casts, Ophiomorpha, and feeding 

traces on bed tops. 

(3) Fining-upward sequences form the thickest sandstones of 

the lagoonal facies. They range from 1.5 to 4 m thick and have 

broadly lenticular geometries. Mudchip lags occur in fine- to 

medium-grained sandstone above scoured bases. Trough- and planar

crossbedding in the lower half of these cycles diminishes in amplitude 

upward to ripple bedded very fine grained sandstone on top, generally 

overlain by a wavy-bedded sequence. In the Sanpete Formation of 

Salina Canyon, claystone drapes separate lateral accretion beds, each 

50 cm thick, in a 4 m sequence thought to be of this facies. 
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The above sandstone types were probably deposited as storm

and tide-deposited bar sheet sands, mud and sand tidal flats, and 

tidal channels, respectively (Johnson, 1975; Klein, 1977). Bimodal 

current indicators, including reactivation surfaces and herringbone 

crossbedding, have been seen only in the upper Sanpete Formation in 

Salina Canyon, but the presence of tidal currents may be inferred from 

the presence of tidal channels at other localities. Tidally in

fluenced lagoonal deposits are distinguished separately in Figure 15. 

In the Sanpete and Funk Vaiiey Formations and their equivalents, 

lagoonal facies always occur in vertical position between facies of 

fluvial origin and well-sorted marine sandstones. This superposition 

aids in their recognition, and indicates a gradual conformable transi

tion between nonmarine and marine environments within older Indianola 

rocks. Funk Valley-equivalent lagoonal deposits at Lake Fork; how

ever, are sandwiched between marine sandstone and channelized, graded 

conglomerates. 

Besides the localities already mentioned, the lagoonal facies 

is present in the lower Funk Valley Formation at Salina Canyon and 

Sixmile Canyon, in the transition from nonmarine to upper ~arine Funk 

Valley at Sixmile Canyon, and high in the Chicken Creek section. 

Nearshore Marine Sandstone Facias 

Nearshore marine sandstones in the Indianola Group have a 

consistently massive, well-sorted character. They are found at most 

transitions between restricted marine and open marine environments. 

Two distinct types of marine sandstone are recognized in the Indianola 
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Group. One was deposited by barrier bars and beaches, while the other 

is thought to have formed as distributary mouth bar or delta front 

sheet sandstones which show little evidence of reworking by marine 

currents. 

Barrier Facies. Deposits of the barrier facies typically 

consist of 18-20 m of white- to tan-weathering massive sandstone which 

coarsens upward from very fine grained to fine- and medium-grained 

sandstone at the top. The lowermost sandstone in each sequence occurs 

as beds up to 10 cm thick interbedded with gray siltstone. These 

thicken upward through beds with local hummocky stratification (Fig. 

20) into the massive sandstone, near the base of which mudchips, plant 

fragments, and bivalve fragments and molds are cornmon in scoured 

lags. The middle portion of the massive sandstone is characterized 

either by alternating horizons of horizontally laminated and biotur

bated very fine grained sandstone or simply by massive bioturbated 

sandstone. Trough-crossbedding up to 25 cm high is locally associated 

with horizontally laminated intervals and also overlies the horizon

tally laminated zone. The cross-stratified horizon is in turn com

monly overlain by more horizontally laminated fine- to medium-grained 

sandstone with some trough-crossbedded sandstone, often capped by 

mottled and structureless very fine grained sandstone. The above 

sequence fits models for regressive barrier beach deposits, which have 

an upper horizontally laminated interval signifying swash zone deposi

tion, or subaqueo~s bar deposits which lack the upper planar zone 

(Davies et al., 1971; Berg, 1975). The lower portions of the sequence 



Figure 20. Hummocky stratification in upper part of Sanpete 
Formation, Salina Canyon north of Interstate 70. Vertical escape 
burrow is present left of center. Hammer handle is 35 cm long. 
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may be separated into transition zone, lower shoreface, and upper 

shoreface, the first being the hummocky-stratified sequence, the 

second the horizontally laminated and bioturbated zone, and the third 

the overlying trough-crossbedded zone (Reineck and Singh, 1973; 

Balsley, 1980). 

Regressive barrier sequences occur at the base of the Funk 

Valley Formation at Salina and Sixmile Canyons, at Lake Fork, and in 

the Cedar Hills. A similar facies containing pebbles in the horizon

tally laminated horizons occurs at the top of the Funk Valley Forma

tion in Sixmile Canyon. 

At Sixmile Canyon, a transgressive barrier sequence capping 

the Sanpete Formation (Fig. 18) differs somewhat from the regressive 

sequences noted above. There, a coarsening trend is capped by we11-

sorted, horizontally laminated sandstone with scattered bivalves in 

the uppermost laminations, above which grain size decreases. In 

contrast to the previously described sequences, lags of granules, 

shell fragments, and plant debris occur above scoured contacts in the 

upper part of the 20 m thick sandstone body. Above the scours, 

sandstone in 1/2 to 1 m beds shows normal grading. These beds thin 

upward through a gradational contact with the Allen Valley Shale. 

Delta Front Sheet Sand Facies. The sheet sandstone facies 

occurs in the uppermost Sanpete Formation at Salina Canyon and domi

nates the upper marine interval of the type Funk Valley Formation. 

The sandstone is structure1ess or mottled due to extensive bioturba

tion and weathers a distinctive orange-tan color. Contacts with 
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subjacent gray shales and siltstones are gradational and characterized 

by 1 to 6 cm wavy beds of very fine grained silty sandstone. 

Inoceramid valves and fragments occur in the transitional silty 

sandstones. The sandstone horizons contain abundant plant and shell 

fragments, scattered medium to coarse grains of sand, and sparse 

relict horizontal lamination and ripple lamination which survived the 

pervasive bioturbation. Contorted and deformed sedimentary structures 

are locally present. This facies is interpreted to represent sheets 

of prograding delta front sandstone overlying intervals of prodelta 

shale and siltstone. The plane laminated, contorted, and extensively 

bioturbated sandstone bodies have attributes of distal bar and distri

butary mouth bars described by Flores and Erpenbeck (1981) from upper 

Cretaceous sandstones in the San Juan basin, but tend to be signifi

cantly thicker. The extensive bioturbation suggests that deposition 

occurred in transition zone depths of 6 to 15 m of water (Reineck and 

Singh, 1973). 

Marine Mudstone and Siltstone Facies 

Poorly exposed, fine-grained offshore marine facies include 

thin-bedded medium gray siltstone and mUdstone with local interbeds of 

rippled very fine grained sandstone. The sandstone beds are 1 to 6 cm 

thick, commonly with thin feeding trails, macerated plant debris, 

occasional ammonite and bivalve impressions on top surfaces, and rare 

drag marks on basal surfaces. The sandstone beds occur in groups 

aggregating up to about 6 m thick, separated by gray- to tan

weathering slopes of poorly-exposed shale and siltstone. Roadcuts on 



69 

Interstate 70 in Salina Canyon show these to be a succession of 

thin-bedded gray fissile shale and siltstone with scattered interbeds 

of very fine grained sandstone. Gradational contacts between this and 

adjacent coarser facies are characterized by thickening of the sand

stone interbeds and increase in the amplitude of sedimentary 

structures. 

The marine mUdstone and siltstone facies is interpreted to be 

a result of deposition from suspension of fine-grained clastic 

material which bypassed the shoreline. Sandstone layers were 

deposited by traction currents during storm events (Berg, 1975). The 

facies is represented primarily in the Aiien Valley Shale wherever it 

occurs, and is also found interbedded with delta front sheet sand

stones in the upper Funk Valley Formation at Sixmi1e Canyon. 

Discussion 

It has been shown that consistent vertical facies changes are 

persistent laterally in the Indianola Group. The unique pattern 

created by superposition of a limited number of depositional environ

ments allows correlation of sections from widely scattered areas. The 

interpretive approach to facies correlation of the type employed here 

may be applied generally to depositional systems where paleontologic 

tie points are scarce or nonexistent. Its use here permits construc

tion of an integrated model for Upper Cretaceous foreland sedimen

tation in central Utah, and allows several important topics of 

regional tectonic history to be addressed: 



(1) correlation of problematic sections of Indianola rocks 

with one another and with other stratigraphic units of the region, 

resulting in better systematization of existing nomenclature; 

(2) recognition of contemporaneous regional episodes of 

deposition; 

(3) determination of the lateral persistence of facies belts 

within the foreland basin as a function of time; and 
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(4) the integration of available data to create an internally 

consistent tectonic history for both the foreland basin and the 

adjacent orogenic source area. 

Some applications of the proposed lithofacies correlations to 

the above topics are discussed in following sections. 

Correlation Problems of the Sixmi1e Canyon Formation 

While reasonable paleontologic control exists for the lower 

Indianola section almost to the top of the Funk Valley Formation, the 

age of continental deposits in the overlying Sixmi1e Canyon Formation 

is poorly constrained. The unit has seemingly been without correla

tives west of the Wasatch Plateau. However, it is clear that the 

three members of the Sixmi1e Canyon Formation recognized by Spieker 

(1946) are important tectonostratigraphic intervals of regional 

significance. The members of the type Sixmi1e Canyon Formation 

include: 

(1) a lower sequence, 630 m thick, of braided fluvial pebbly 

sandstone; 



(2) a middle sequence, 500 m thick, of fluvial meanderbe1t 

sandstone and siltstone; and 

(3) an upper sequence, 210 m thick, of pebbly sandstone, 

including some graded conglomerate lags. 
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A thicker but similar facies succession, containing a higher 

percentage of graded conglomeratic intervals, occurs above Funk 

Valley-equivalent rocks in the Cedar Hills. The section there con

tains a lower graded and massive conglomeratic interval, a medial 

interval of poorly-exposed meanderbe1t deposits, and an upper interval 

of graded conglomerate. The similar vertical progression and strati

graphic position of facies found in the Cedar Hills and at Sixmi1e 

Canyon suggest that the two sections are lithologically equivalent. 

The medial interval of meanderbe1t rocks in the Cedar Hills 

occupies the same stratigraphic position as an 850 m section of 

conglomerate, fining-upward sandstone, and shale, locally coal-bearing 

in the upper part, exposed in the northern Gunnison Plateau. The 

latter rocks have been assigned to the South Flat Formation (Hunt, 

1954), considered to separate Indianola rocks from younger strata. 

The unit has been interpreted to represent a period of tectonic 

quiescence in post-Indianola time, followed by a final episode of 

uplift to generate the Price River Formation. The foregoing evidence, 

however, indicates that the South Flat Formation is equivalent to the 

middle member of the type Sixmile Canyon Formation, which may in turn 

correlate with part of the Blackhawk Formation farther east (Fig. 

21). Recent identification of latest Santonian to eariiest Campanian 



(/) 

a:: 
UJ 
t
UJ 
:::E 

3600 

o 

72 

I. CEDAR HILLS 

Figure 21. Preliminary correlations of generalized 
lithostratigraphic columns from the northern Gunnison Plateau/Cedar 
Hills, Sixmile Canyon, and eastern Wasatch Plateau. Correlations with 
Coniacian and older rocks from Fouch et al. (1982). Shown are the 
approximate positions of the South Flat Formation of Hunt (1954) and 
the Price River Formation of Spieker (1946) of Campanian age. 
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palynomorphs from coal-bearing strata in the South Flat Formation of 

the Gunnison Plateau confirms the equivalence with the Sixmile Canyon 

Formation, and has led to abandonment of the term South Flat Formation 

(Fouch et al., 1983). 

The upper pebbly sandstone sequence here regarded as an 

integral part of the type Sixmile Canyon Formation includes strata 

mapped as Price River Formation by Spieker (1946), as discussed 

earlier. It rests upon a graded conglomeratic lag of variable thick

ness which passes up into more pebbly sandstone. Beds both overlying 

and underlying the conglomerate bed are separated from the bulk of the 

Sixmile Canyon Formation to the west by a normal fault (Fig. 9). No 

angular relationship can be demonstrated between the conglomerate and 

underlying beds (cf. Spieker, 1946), which have the aspect of upper 

Sixmile Canyon Formation. It is suggested that the "Price River 

Formation" of Spieker (1946) is separated from the Sixmile Canyon 

Formation by a minor disconformity that does not represent a signi

ficant hiatus. The apparent structural complexity is the result of an 

eastward decrease in structural attitude also seen in Indianola rocks 

at Salina Canyon and in the Cedar Hills. Thus, rather than over

lapping the Indianola Group and placing an upper limit on Indianola 

deformation, the "Price River Formation" of Spieker (1946) was 

deposited during the tectonic episode which resulted in deposition of 

the Sixmile Canyon Formation and is thus a part of the Indianola 

Group. The true overlap sequence is represented by the lithologically 

varied North Horn and Flagstaff Formations of Paleocene age (Fig. 9). 
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Depositional Episodes of the Indianola Group 

The interpretive correlations presented here allow delineation 

of a regionally consistent sedimentological evolution for the central 

Utah foreland basin during Indianola time. The proximal coarse nature 

and varied aspect of the continental deposits contrast qualitatively 

with one another and with adjacent marine units. However, comparison 

of the depositional facies permits a clear picture of periods of 

clastic regression and transgression to be developed. Several 

regional depositional episodes are discussed here. 

Deposition of conglomeratic material in the lower Sanpete 

Formation marked the onset of clastic influx during late Albian to 

early Turonian time. The upper Sanpete Formation at most localities 

records the onset of a transgressive event which apparently began in 

Cenomanian time and culminated in late early to middle Turonian time 

in the lowermost part of the Funk Valley Formation. This trans

gression is recognized regionally by Kauffman (1977) and Vail et ale 

(1977). Its gradual onset is recorded by the time-transgressive 

nature of the Tununk-Allen Valley Shale tongue. 

A major influx of clastic material occurred in middle Turonian 

time. Evidence from all localities suggests that the lower Funk 

Valley Formation represents the development of a large, coarse-grained 

delta complex. Conglomeratic deposits are associated with lagoonal 

and nearshore marine sandstones in lower Funk Valley sequences. The 

most fully exposed section at Lake Fork displ~s a vertical succession 

of depositional environments of the type created by progradation of a 
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fan-delta complex across a marginal marine environment. The presence 

above upper shoreface and foreshore deposits of nested tidal channels 

overlain in turn by distributary conglomerates suggests an interplay 

between processes of marine and distal alluvial fan or alluvial plain 

origin, (Gallow~, 1976) and indicates that the Lake Fork section lay 

at or near a major distributary point source. The entire sequence of 

the lower Funk Valley Formation fits proposed models for fan-delta 

deposition reviewed by Wescott and Ethridge (1980). 

Sparse paleocurrent data from Sixmile Canyon indicate a mean 

vector of 1030 for streams flowing on the Funk Valley delta plain. 

Timing and transport direction indicate that sediment was carried 

east-southeast to the main depocenter of the contemporary Ferron 

delta, represented 60 km downdip by delta plain and delta front 

sandstone environments in the eastern Wasatch Plateau (Ryer, 1.981). 

This relationship apparently precludes the existence of a marine 

embayment where shale was deposited behind the Ferron delta front, as 

has been postulated by earlier workers (Spieker, 1946; Hale, 1972). 

Delta progradation may have marked a period of relative high sea level 

followed by rapid fall, to complete an asymmetric temporal cycle of 

the type noted by Vail et al. (1977) for second order cycles of sea 

level change. 

A second major apparent rise of relative sea level is marked 

by the marine shale which occurs at the base of the upper marine 

interval in the Funk Valley Formation. It is suggested here that this 

transgression was greater in magnitude that the first. It apparently 
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persisted for a longer time that the earlier transgression and it 

ultimately displaced conglomerate deposition westward from the western 

Gunnison Plateau, whereas the Tununk-Allen Valley transgression did 

not. It is not yet clear to what extent the thrust faulting and 

uplift which triggered fan-delta sedimentation may also have resulted 

in crustal loading, tectonic subsidence, and concomitant apparent sea 

level ~ise (Jordan, 1981). The presence of a coeval lower shale 

member in the Hilliard Formation of the Kemmerer region in Wyoming 

(Hale and Van de Graaf, 1964) indicates that the transgression is 

recorded throughout the thrust belt. Thus, unless crustal loading and 

resulting subsidence occurred uniformly along the strike of the thrust 

belt, synchroneity of transgression suggests that the apparent sea 

level rise was of eustatic origin. 

The major progradation of clastic detritus of the Sixmile 

Canyon Formation displaced environments of marine sedimentation 

eastward from the vicinity of the present Sanpete Valley. Uplift and 

transport of thrust plates had proceeded eastward, nearer to the site 

of Indianola deposition. Coarse alluvial fan and braided stream 

deposits in the lower member and its equivalents may be attributed to 

the coeval tectonism. The decrease in stream power marked by the 

middle member and the South Flat Formation may signal another period 

of relative highstand, possibly coincident with the outbuilding of 

Blackhawk deltas to the east. Deposition of the upper Sixmile Canyon 

Formation, and the partly or wholly equivalent Price River Formation 

of the eastern Wasatch Plateau, may have been approximately 
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synchronous with displacement on the Pavant and Nebo thrusts. Defor

mation of most Indianola sections occurred during folding above the 

frontal blind thrust system. A subsequent erosional episode beveled 

strata that once overlay the exposed Sixmile Canyon Formation. 

Finally, onlap by Paleocene sediments succeeded the final thrust

related deformation in the western Wasatch Plateau. 

Lateral Extent of Facies Belts 

Indianola rocks show great contrasts with respect to the 

distance that separates comparable depositional environments in the 

direction of sediment transport. For example, the restored distance 

from braidplain conglomerates in the Gunnison Plateau to shoreface 

deposits in roughly correlative strata of the Sanpete Formation at 

Sixmile Canyon is approximately 32 km, compared with 90 km of separa

tion from Funk Valley-equivalent strata at Chicken Creek to the 

temporally equivalent shoreface deposits of the Ferron Sandstone 

Member of the Mancos Shale. Clearly, relative sea level affected the 

widths of the facies belts through time. Relative high stands of sea 

level foreshortened the distance from alluvial to shoreline environ

ments, while low stands appear to have resulted in greater lateral 

extent of all depositional environments. 

The possibility exists and should be tested, that the narrow

ness of some facies belts may be related to shortening on thrust

related structures, particularly between the Wasatch and Gunnison 

Plateaus. Transport of foreland basin deposits by younger thrust 

faulting occurred in the Wyoming-Idaho segment of the thrust belt 
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(Royse, Warner, and Reese, 1975), and in the Alberta fold and thrust belt 

(Bally, Gordy, and Stewart, 1966). A semiquantitative test for predicting 

original widths of facies belts lies in measuring the amount of grain size 

reduction of sedimentary material which results from downcurrent transport 

between localities in the basin. Lindholm et ale (1979) have compiled data 

from twelve sediment transport studies to produce a range of empirical 

coefficients expected for grain size decrease in alluvial fan and fluvial 

deposits. The coefficient of size reduction, a, is given by the equation: 

-1 a = (s )In Do 
o 

where, by convention, Do is the initial maximum or mean clast diameter 

in mm, and 0 is the maximum or mean clast diameter after transport of 

distances, in miles. The compilation (see discussion in Lindholm et al., 

1979) indicates that grain size diminishes more rapidly during transport 

by processes on alluvial fan surfaces than during fluvial transport in 

river valleys. The equation permits prediction of reasonable amounts of 

original separation between two depositional sites, given a set of ciast 

data, a range of values for the coefficient, and interpreted depositional 

environments of the strata being studied. 

Table 1 presents downcurrent transport direction (v), maximum and 

m&an clast diameters present in outcrops at Chicken Creek and Sixmile 

Canyon, estimated transport distance, and calculated coefficients of size 

reduction. The coefficients are plotted in Figure 22. The coefficients 

fall mostly in a range of alluvial fan deposits and fluvial deposits 

consistent with interpretations of the depositional environments dis

cussed above. Unless the data are biased by climatic and/or clast 
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composition factors, the results indicate that shortening of 50 per cent 

across the Sanpete Valley is adequate to explain the width of the 

Indianola facies belts and concomitant grain size reduction. Thus, major 

thrust transport of Gunnison Plateau rocks need not be invoked. The 

required shortening probably occurred by folding above a blind thrust 

(Chapter 2) or local thrust faulting (Stanley and Collinson, 1979). 

Clast data from the lower Funk Valley Formation indicates size reduction 

consistent with transport entirely on alluvial fans, further supporting 

the interpretation of fan-delta sedimentation for that interval. 
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Figure 22. Bar graph with values of coefficients of size 
reduction (a) plotted for four stratigraphic intervals of the 
Indianola Group. Dashed line separates coefficient values 
characteristic of alluvial fan and fluvial deposits (Lindholm et al., 
1979) • 



Table 1. Values of measured clast sizes, mean paleocurrent 
vectors (i), estimated transport distances between Chicken Creek and 
Six~ile Canyon locations (s), and calculated coefficients of size 
reduction (a) for four stratigraphic horizons of the Indianola Group. 
The mean paleocurrent vector was extrapolated to an intersection with 
structural attitudes projected from Sixmile Canyon to obtain 
uncorrected map distance. Map distance yields transport distance when 
the former is corrected to include an average shortening of 50 percent 
across the Sanpete Valley, calculated from cross sections of Gilliland 
(1963). n is the number of paleocurrent measurements. 



Table 1. Values of measured clast sizes, mean paleocurrent vectors (v), estimated transport 
distances between Chicken Creek and Sixmi1e Canyon locations (s), and calculated coefficients of 
size reduction (a) for four stratigraphie horizons of the Indianola Group. 

s, MAX. ClAST DIAMETER, mm 
a 

MEAN CLAST IHAMETER, mrn 
a a + a I STRATIGRAPHIC INTERVAL -;; miles max mean max 2 mean 

0 
0 D 0 

0 
D 

Sanpete Fm. 50° -55 300 15 0.05 30 2 0.05 0.05 
I 

n • 3 J . 

Lower Funk Vall£>y Fm. 110° 20.1 600 1 0.32 50 0.25 0.26 0.29 
n • 21 

Upper Funk Valley Fm. 110° 
19.8 150 10 0.14 30 5 0.09 0.115 

(est. ) 

Slxm!le Fm. 
\000 

19.7 1000 100 0.12 40 8 0.08 0.10 
n • 29 

00 .... 
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Summary 

An interpretive approach to facies analysis of Indianola rocKs in 

central Utah permits the construction of a regionally consistent litho

facies succession. The depositional facies within the Indianola Group 

near the western margin of the foreland basin consist of coarse-grained 

deposits which become finer grained in an eastward direction. Deposi

tional environments evolved eastward from a spectrum of alluvial and 

fluvial systems including alluvial fan, alluvial plain, sandy braided 

river, and rneanderbelt settings near the source area into lagoonal, 

nearshore marine, and open marine settings. While tectonic development 

of the foreland appears to have strongly affected the types of deposi

tional facies present in various parts of the column, relative sea level 

changes, and possibly global eustatic cycles, probably controlled the 

overall patterns of sedimentation in the Indianola Group. 

The correlation of Indianola rocKs at various localities west of 

the Wasatch Plateau furthers the understanding of patterns of sedimenta

tion during Late Cretaceous time and suggests correlations with contem

porary stratigraphic units on the Colorado Plateau, shown in the right

hand column of Figure 21. A consistent stratigraphy also serves to tie 

together similar sedimentary intervals, not previously recognized as 

Indianola, whose roles in the regional depositional history have been 

unclear. The overall outline of an integrated tectonic history of 

foreland deformation and deposition is indicated by correlations of Key 

Indianola intervals with stratigraphic units of the Colorado Plateau. 



CHAPTER 4 

FLUVIAL SYSTEMS OF THE UPPER MESAVERDE GROUP 

The Mesaverde Group, exposed on the west flank of the Wasatch 

Plateau and the BOOK Cliffs (Fig. 23), forms a progradational clastic 

wedge at the top of the Upper Cretaceous section in central Utah. 

Deposition occurred in an eastward-thinning foreland basin that lay 

parallel to an active thrust belt on the west. The group spans most 

of Campanian time, and is thus equivalent in age to the upper part of 

the synorogenic Indianola Group, which was deposited west of the 

Wasatch Plateau immediately adjacent to the thrust front (Chapter 3; 

Lawton, 1982). The lower part of the Mesaverde Group, represented by 

the Star Point Sandstone and Blackhawk Formation, was deposited in 

delta front and delta plain settings (Flores and Marley, 1979; 

Balsley, 1980), while the upper part of the group was deposited in 

fluvial environments (van de Graaf, 1972; Keighin and Fouch, 1981; 

Fouch et al., 1983). Older rocks of the fluvial section represent 

detritus shed eastward from the thrust belt (Spieker, 1946; Harris, 

1959; Armstrong, 1968a). However, changes in dispersal direction, 

sandstone composition, and depositional patterns within the uppermost 

part of the Mesaverde Group reflect an eastward shift in deformation 

from the thrust belt to basement-controlled uplift within the foreland 

basin in latest Campanian time. 
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Stratigraphic and sedimentologic relations of the upper part 

of the Mesaverde Group, particularly the younger fluvial sequences at 

both the eastern and western 10ca1ites of Figure 23, define the timing 

of basement uplifts within the basin and shed light on latest 

Cretaceous paleogeography in central Utah. 

The block uplifts of the Colorado Plateau previously have been 

assigned an approximately Laramide age (Kelley, 1955; Davis, 1978). 

Ponding of drainage systems east of the thrust belt, as recorded by 

calcareous lacustrine siltstones exposed in the Wasatch Plateau, 

suggests that the San Rafael Swell, a typical plateau uplift, existed 

by Maastrichtian time (Fouch et a1., 1983). Stratigraphic, sedimen

tologic, and petrographic data presented here document that earliest 

growth of the San Rafael Swell, and probably two other related up

lifts, the Circle Cliffs uplift and the Monument upwarp, occurred in 

latest Campanian time. 

Stratigraphic Relations of Upper Mesaverde Group 

Formations of the upper Mesaverde Group described in this 

chapter are shown in Figure 24. The section is separated from older 

and younger rocks by depositional breaks. The lowermost unit of the 

fluvial section, the Castlegate Sandstone, rests disconformably upon 

the Blackhawk Formation throughout the study area. The hiatus re

presented by the disconformity is of short duration (Fouch et al., 

1983), and resulted from progradation of a sandy alluvial plain across 

the Blackhawk delta plain. 



Figure 24. Stratigraphy and sandstone composition of upper 
Mesaverde Group strata west and east of the San Rafael Swell. Numbers 
in parentheses are sandstone/(sandstone + siltstone) values for the 
units. At all localities, the Bluecastle is a tongue of the 
Castlegate Sandstone (Fouch et. al., 1983). 
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Spieker (1946) recognized that the North Horn Formation 

overlying the Mesaverde Group preserves a record of continuous de

position across the Cretaceous-Teriary boundary in the central Wasatch 

Plateau. He inferred the contact of the North Horn and underlying 

Price River formations to be gradational as well. However, more 

recent work has shown the contact to be unconformable (Fouch et a1., 

in prep.). Where it is exposed throughout the Wasatch Plateau and 

eastward, the contact is marked by intense bleaching and 1imoni

tization of the underlying sandstones. Large rootlet traces are 

locally present in coarse sandstone underlying the contact. 

Plagioclase grains are extensively argi11ized in the upper few tens of 

meters of the Price River and Tuscher formations, and are locally 

pseudomorphed by kaolinite. ~Iere pebbly lithologies occur high in 

the Cretaceous section, particularly in exposures of the Tuscher 

Formation near the Green River, lags of reworked pebbles are present 

at the base of the North Horn Formation (Fig. 25). Elsewhere in the 

study area east of the Wasatch Plateau the basal North Horn lacks 

extraformationa1 pebbles. 

Nomenclature 

The stratigraphic terminology used here is basically that of 

Fisher et a1. (1960) as amended by Fouch et ale (1983). The eastern 

nomenclature (Fig. 24) is carried westward from the Green River, 

through lateral facies changes and unit pinchouts within the Tavaputs 

Plateau, to the approximate axis of the San Rafael Swell at Soldier 

Creek (Fig. 23). The swell is a structural boundary west of which 



Figure 25. Conglomeratic North Horn Formation overlies Tuscher 
Formation in Tusher Canyon. Tuscher Formation sandstone is 
extensively rooted. Jacob Staff is 1.5 meters high. 
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relations in the Castlegate-Bluecastle section are difficult to trace 

due to poor exposure and difficult access. The post-Bluecastle 

section beneath the hiatus at the base of the North Horn Formation is 

almost entirely absent at Soldier Creek (Fisher et al., 1960). Direct 

surface correlation of post-Bluecastle beds in the Price River For

mation with its age equivalents farther east is thus impossible across 

the axis of the San Rafael Swell. 

Age and Correlation 

The absolute ages of zone fossils which bracket the fluvial 

section are taken from the chronostratigraphic correlations of Fouch 

et ale (1982, 1983), which utilize new decay constants for radiometric 

age determinations (Fig. 4). Because the units are largely of fluvial 

origin, direct molluscan age control is sparse. The section between 

the base of the Castlegate Sandstone and the top of the Bluecastle 

Tongue of the Castlegate was deposited during time spanned by the 

zones of Baculites asperiformis and Exiteloceras jennyi (79 to 74 

m.y.). Extensive palynomorph data indicate that the post-Bluecastle 

section ranges in age from middle late to latest Campanian (approxi

mately 74 to 73 m.y., ending within the zone of Baculites cuneatus), 

and forms the basis for correlations of post-Castlegate Cretaceous 

rocks in Price Canyon with the section east of the San Rafael Swell. 

The upper Mesaverde Group is thus equivalent to the upper 

member of the Sixmile Canyon Formation of the Indianola Group, as 

defined by Lawton (1982). The Sixmile Canyon Formation is in part 

Santonian and in part Campanian in age (Fouch et al., 1982). Much of 
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the time represented by deposition of the eastern section may be 

represented by nondeposition and bypass transport in the Sixmi1e 

Canyon Formation. The upper Tuscher Formation is probably equivalent 

to the Ohio Creek Member of the Hunter Canyon Formation of western 

Colorado (Johnson and May, 1980). Tuscher-equiva1ent rocks to the 

southwest in the Kaiparowits region probably include the Kaiparowits 

Formation (part) and the Canaan Peak Formation (Bowers, 1972). 

The North Horn Formation, which unconformably overlies the 

Mesaverde Group, varies widely in age and lithology. A Maastrichtian 

age for basal North Horn strata in Price Canyon is based on freshwater 

molluscs, ostracodes, and pollen (Fouch et a1., in prep.). Near the 

Green River, North Horn strata are of Late Paleocene age on the basis 

of freshwater molluscs, ostracodes, and pollen (Fouch et a1., 1982; 

T.D. Fouch, U.S. Geological Survey, pers. commun., 1982). The-base of 

North Horn Formation is thus time-transgressive, becoming younger to 

the east. The hiatus separating Cretaceous and Tertiary rocks east of 

the San Rafael Swell represents at least 15 m.y. (Fouch et a1., 1982). 

Stratigraphy of the Upper Campanian Section 

The nonmarine rocks of the upper part of the Mesaverde Group 

can be divided into two distinct petrographic intervals, referred to 

here as the quartzose petrofacies and the lithic petrofacies. Stra

tigraphic compOSitional trends, shown in Figure 22, indicate that a 

fundamental change in detrital mineralogy occurs above the Bluecastle 

Tongue of the Cast1egate Sandstone. 
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Quartzose Petrofacies 

The quartzose petrofacies includes the Cast1egate Sandstone 

and Pt'ice River Formation in Price Canyon, and the Cast1egate Sand

stone, Nes1en Formation, and B1uecast1e Tongue of the Cast1egate 

Sandstone in eastern exposures. Two marine units, the Buck Tongue of 

the Mancos Shale and the Sego Sandstone, which occur above the 

Cast1egate to the east, thin westward and pinch out in the vicinity of 

the Green River. 

Cast1egate Sandstone. At the type locality in Price Canyon, 

the Cast1egate Sandstone includes a lower massive sandstone, which 

forms a continuous cliff throughout the area of Figure 23, and an 

upper sequence of interbedded sandstone and siltstone which forms 

1edgy outcrops (Spieker, 1931). The entire unit is 190 m thick, and 

is capped by ledge of pebbly coarse-grained sandstone 20 to 30,m 

thick. The lower cliff-forming unit (the Cast1egate Sandstone of van 

de Graaf, 1972) thins eastward from 90 m in Price Canyon to 37 m in 

Tusher Canyon, and has been tentatively recognized as a unit 17 to 20 

m thick on the northeast flank of the Uinta basin (Gill and Hail, 

1975). Above the cliff-forming unit, the upper sequence grades 

eastward into the Nes1en Formation as shown by palynomorph data (Fouch 

et a1., 1983) and petrographic data. 

Although the top of the Cast1egate is difficult to locate from 

published descriptions, it is shown by Spieker (1931; Plate 31) to 

intersect the floor of Price Canyon at the Mouth of Sulphur Canyon (se 

1/4 se 1/4 sec 22, T12S, R9E, Kyune, Utah 7.5 1 quadrangle), a position 
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corroborated by mapping during this study. The contact marks the top 

of the quartzose petrofacies in Price Canyon. The uppermost pebbly 

unit of the Castlegate grades eastward into the Bluecastle Tongue of 

the Castlegate Sandstone east of the San Rafael Swell (Fig. 24) and is 

tentatively recognized here as the Bluecastle Tongue in Price Canyon. 

The Bluecastle Tongue in eastern exposures also constitutes the 

uppermost unit of the quartzose petrofacies. 

Two distinct facies associations were recognized in the lower 

cliff-forming part of the Castlegate within the study area: 1) a 

multiply scoured, trough-crossbedded sandstone facies, and 2) an 

interbedded sandstone and siltstone facies. The facies associations 

generally form couplets, with the multiply scoured facies occurring 

above erosional contacts and grading into the interbedded facies to 

yield cycles which average 8 m thick in Price Canyon. 

The multiply scoured facies consists of massive beds of 

sandstone, each 3 to 6 m thick and dominated by trough crossbedding 

that is 30-100 cm high and decreases in scale upwards. The lower 

parts of facies units commonly display chaotic bedding with frequent 

convex-upward lamination and bed truncations. Mudchips and car

bonaceous films of plant fragments are present throughout the facies 

units, but are particularly abundant near their bases. The sandstone 

is fineto medium-grained in Price Canyon and very fineto fine-grained 

in eastern exposures. Pebble lags and tree trunks are common in this 

facies at Joes Valley, and indicate a grain size increase south-



westward along the Wasatch Plateau. The facies overlies other 

lithologies on scoured contacts. 
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The interbedded sandstone and siltstone facies generally lies 

gradationally on the multiply scoured facies. It consists of beds of 

very fine to fine-grained sandstone 30 to 300 cm thick, separated by 

thin drapes of dark brown, very fine grained sandstone and siltstone 

~enerally rich in macerated plant debris. The facies units develop 

continuous thicknesses of 5 to 10 m. The thicker beds contain trough 

crossbeds to 30 em high, and the intervening drapes may be discon

tinuous. Thinner beds contain smaller scale trough crossbedding, and 

are locally dominated by 0.5 to 2 cm ripple lamination. Siltstone 

partings are generally more continuous and thicker, to as much as 25 

cm. Thinner beds are commonly inclined, with dips averaging 15 

degrees, but dips as high as 30 degrees were observed. Mudstone chips 

are common in the facies. Along the Green River, thin inclined beds 

may be observed grading laterally into thick lenticular siltstone 

bodies up to 10 m thick (Fig. 26). 

The lower Castlegate Sandstone of the study area was deposited 

by braided rivers with sinuous courses. Paleocurrent data indicate 

consistent east-southeast sediment transport (Fig. 27). The trough

crossbedded facies, rich in mudchips and large plant fragments, is 

interpreted as channel and chute bar deposits. The interbedded 

sandstone and siltstone facies is interpreted as deposits of migratory 

interchannel bars. Siltstone drapes were deposited during periods of 

low discharge, and were partially scoured during deposition of succes-
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Figure 26. Castlegate Sandstone exposed on west wall of Green 
River Canyon. The unit is 55 m thick. Alternating massive sandstone 
and inclined lateral accretion units indicate that depositing rivers 
varied in sinuosity with time. 
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Figure 27. Paleocurrent data for lower part of Castlegate 
Sandstone (see also van de Graaf, 1972). All measurements from axes 
of trough crossbedding. Localities: A. Price Canyon; B. Joes 
Valley; C. Horse Canyon; D. Green River; E. Tusher Canyon. 



sive bars. Cycle thicknesses suggest average channel depths of 8 to 

10 m for Castlegate rivers during bankfull flow (Cant and Walker, 

1976). While grain size decreased southeastward, channel depth did 

not, as evidenced by the thickness of interbedded sandstone and 

siltstone facies and siltstone lenses deposited in abandoned 

channel ways. 
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The upper Castlegate in Price Canyon below the Bluecastle 

Tongue is a lateral facies equivalent of the Neslen Formation, and is 

interpreted to have been deposited in a meandering stream environ

ment. It is dominated by trough-crossbedded sandstone beds, 2 to 5 m 

thick and rich in mudstone ripups and large plant fragments, which 

grade up into interbedded sandstone and siltstone overlain in turn by 

floodplain sequences of gray siltstone and dark brown carbonaceous 

shale. Thin, very fine grained sandstone beds 1 m and less thick 

occur in the siltstone and shale sequences. The sandstone beds 

contain ripple lamination or are massive due to bioturbation. Rootlet 

holes and small plant fragments are common, and bed bases are sharp, 

in places load-casted. The trough-crossbedded sandstones represent 

channel deposition, while overlying inclined units of finer sandstones 

and siltstone were deposited by lateral migration of point bars. 

Thin-bedded sandstones in the silty floodplain sequence represent 

crevasse-splay deposits. 

Buck Tongue of Mancos Shale/Sego Sandstone. The Buck Tongue 

of the Mancos Shale consists of 20 to 28 m of thin-bedded, medium-gray 

siltstone and mudstone and tan very fine grained sandstone which 
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overlie the Castlegate Formation at the Green River and Tusher Canyon 

localities (Fig. 23). The basal contact is placed in this study at a 

horizon of nodular hematitic mudstone and chert continuous between the 

above localities and thought to be a soil horizon developed above the 

Castlegate. The unit thins westward and pinches out between the Green 

River and Horse Canyon localities (Fig. 23; Fisher et al., 1960). 

Time-equivalent strata lie beneath present levels of exposure at Range 

Creek. At the Green River and Tusher Canyon localities, the Buck 

Tongue grades vertically into a thickening-upward and coarsening 

upward sequence of very fine grained sandstone and siltstone of the 

overlying Sego Sandstone. Thin beds low in the sequence are capped by 

3 to 5 m of very fineto fine-grained, well sorted sandstone. The 

thin-bedded sandstones contain hummocky stratification and ripple 

lamination, while the thicker sandstone on top contains trough 

crossbeds and occasional tabular crossbeds. Ophiomorpha is present in 

the sandstones. A lower coarsening-upward cycle is succeeded by wavy

bedded sandstone and siltstone with oysters, above which a second 

cycle is present. 

The Sego Sandstone was deposited in shelf transition zone to 

middle and upper shoreface environments (Harms et al., 1975; Balsley, 

1980) by progradation of subaqueous bars across the Mancos shelf. 

Fossiliferous tidal flats which lay landward of the bars subsequently 

prograded across the bar deposits. The cycles, and hence, the bar 

heights (Klein, 1972), were 10 to 12 m thick and contrast sharply with 

similar cycles in the underlying Blackhawk Formation (Fig. 5), which 
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are 25 m thick (see also Balsley, 1980). This contrast is probably 

due to bathymetric differences along the coastline. The Blackhawk was 

deposited during rapid clastic influx and progradation of a wave

dominated delta system (Balsley, 1980), which created its own local 

slope and subsidence. The Sego was apparently deposited during a time 

of decreased clastic influx following the drowning of the Castlegate 

coastal plain. 

Neslen Formation. The Neslen Formation was defined by Fisher 

(1936) to include a sequence of coal-bearing strata above the Sego 

Sandstone. He considered it a member of the Price River Formation. 

The unit was given formational status by Cobban and Reeside (1952), 

but was first formally raised to formational rank by Fisher et ale 

(1960). 

The basal contact of the Neslen Formation is gradational at 

the Green River and Tusher Canyon localities. It is placed above the 

uppermost coarsening-upward sandstone cycle of the Sego Sandstone 

where the latter is present (Fisher et al., 1960). At Horse Canyon, 

where both the Buck Tongue and the Sego Sandstone are absent, the 

basal Neslen contact is arbitrarily placed at the top of the cliff

forming Castlegate Sandstone. Fisher et al. (1960) considered the 

unit above the Castlegate at Horse Canyon to be the Price River 

Formation, although the beds grade west into strata of the upper part 

of the Castlegate Sandstone described previously. The presence of 

thin coal beds, gastropod-bearing sandstone, and flaser-bedded 

lagoonal or bay deposits at Horse Canyon (Fig. 5) render the interval 
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lithologically more like the Neslen Formation of Fisher (1936) than 

the fluvial sandstone and siltstone of the upper part of the 

Cast1egate farther to the west. Consequently, the stratigraphic 

interval between the Cast1egate Sandstone and the Bluecast1e Tongue of 

the Cast1egate in the region between the Green River and Horse Canyon 

is considered Neslen Formation for purposes of this study. The unit is 

probably disconformable above the Castlegate, based on the evidence 

fo~ post-Castlegate soil development farther east. The Neslen is thus 

a lithostratigraphic unit restricted to the eastern part of the study 

area. 

The Nes1en Formation consists of roughly 50 percent siltstone, 

commonly associated with wavy-bedded and flaser-bedded sandstone, 

lenticular burrowed and rooted sandstone beds to 1 m thick, and 

stringers of coal. Channelized, very fineto fine-grained sandstone 

beds 2 to 7.5 m thick are interbedded with the siltstone. The sand

stones are characterized by scoured basal contacts, abundant mUdstone 

clasts, and gradation upward into inclined beds of sandstone 30 to 100 

cm thick and separated by siltstone beds to 10 em thick. Burrows are 

common in sandstones, and load casts are present locally. Channelized 

sandstone beds are more common in the Horse Canyon section than in 

more eastern sections (Fig. 5). 

The Nes1en Formation was deposited on a low-gradient coastal 

plain that graded into coastal swamps and tidal flats. As interpreted 

here, the unit progrades up from oyster-bearing lagoonal deposits, 

through possible distributary sandstones, into a section dominated by 



100 

meanderbelt deposition. Wavy-bedded and flaser-bedded rocks capped by 

oyster reefs were probably deposited in inner to middle tidal flats. 

Meandering streams are suggested by common inclined lateral-accretion 

deposits above the channel sandstones, and frequent burrowed and 

rooted crevasse-splay deposits in the siltstone sequences. The 

westward transition of coeval Neslen and upper Castlegate depositional 

environments from lagoonal and coastal swamp into meanderbelt facies 

records a lateral coarsening of facies toward the thrust belt. 

Bluecastle Tongue of Castlegate Sandstone. The Bluecastle 

Tongue is the uppermost unit of the quartzose petrofacies, and has a 

relatively constant thickness of between 30 m (Price Canyon) and 42 m 

(Range Creek) within the study area, but thins farther to the east 

(Fisher, 1936). The Bluecastle of the study area separates the Neslen 

and Farrer Formations. Farther east, however, beds above the 

Bluecastle have been included in the Neslen Formation (Fisher, 1936; 

Cobban and Reeside, 1952; Fisher et al., 1960). 

The Bluecastle Tongue is composed of poorly sorted quartz 

sandstone that weathers light brown. The same facies present in the 

lower Castlegate Sandstone are found in the Bluecastle, and the units 

are very similar in appearance. The trough-crossbedded facies domi

nates the Bluecastle west of the Green River, although broad lenses of 

siltstone and mudstone to about 5 m thick locally interrupt the 

massive sandstone. The lenses represent suspension deposits in 

abandoned channels. Inclined interbeds of sandstone and siltstone 

become more common eastward, and probably were deposited as point bars 
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of a sinuous channel system. Rootlet holes are common in sandstone 

bed tops. The Bluecastle is coarser-grained than the massive lower 

Castlegate, and consists of poorly sorted, fineto coarse-grained 

sandstone at all localities. Pebbles of chert, very fine grained 

quartz arenite, and punky gray claystone (probably altered carbonate 

pebbles) are common in western localities but become sparser east

ward. Maximum pebble size is 15 mm at Price Canyon and 4 mm at Tusher 

Canyon. 

Paleocurrent indicators in the Bluecastle Tongue are con

sistently northeast-directed at all localities (Fig. 28). The 

Bluecastle is interpreted to have been deposited in a sandy braided 

fluvial system. Channels within the system became increasingly 

sinuous eastward, indicated by the increased occurrence of lateral 

accretion bedding eastward. 

Lithic Petrofacies. 

Cretaceous rocks above the Bluecastle are included in the 

lithic petrofacies (Fig. 24). Sandstone classifications follow 

McBride (1963). Sandstone east of the San Rafael Swell is feldspathic 

litharenite, with a maximum abundance of mica and volcanic lithic 

fragments occurring low in the section. Sedimentary lithic fragments 

increase in abundance upsection in the Tuscher Formation. Sandstone 

west of the swell is litharenite and sublitharenite with small amounts 

of potassium feldspar. The petrographic transition from quartzose 

sandstone is abrupt at all studied localities, and permits its use as 

a correlation horizon from west to east (Fig. 24). The formations 
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Figure 28. Paleocurrent data from Bluecastle Tongue of Castlegate 
Sandstone. All measurements from axes of trough crossbedding. 
Localities: A. Price Canyon; B. Horse Canyon; C. Range Creek; D. 
Green River; E. Tusher Canyon. 
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above the transition include the Price River Formation in Price Canyon 

and the Farrer and Tuscher Formations east of the San Rafael Swell. 

Price River Formation. The Price River Formation originally 

included all Upper Cretaceous strata above the Blackhawk Formation 

(Spieker and Reeside, 1925; Clark, 1928). It is now defined as a 

section of ledge-forming sandstone and siltstone about 200 m thick 

between the Cast1egate Sandstone and the North Horn Formation (Fouch 

et a1., 1983). Its basal contact is probably conformable, but its 

upper contact with the North Horn Form3tion is disconformab1e. 

The lower half of the unit consists of continuous sheetlike 

sandstone beds interbedded with siltstone intervals. The section is 

approximately 75 percent sandstone, which contains abundant lateral 

accretion beds. Sandstone beds range from 10 to 20 m thick and 

consist of poorly sorted, medium-grained sandstone. Grain sizes fine 

upward slightly within individual sandstone beds. Trough crossbedding 

dominates the sandstone beds. Vaguely bedded to chaotic mudchip lags 

occur immediately above the erosional bases, and ripple lamination is 

often present near bed tops. The sandstone beds grade up into poorly 

exposed siltstone intervals. The lower part of the Price River 

Formation was deposited by braided rivers. 

The sandstones of the upper half of the Price River Formation 

in Price Canyon form sheetlike bodies continuous throughout the canyon 

exposures and tend to be thicker and coarser than sandstone horizons 

of the lower half. Sandstone beds range from 10 to 30 m thick and are 

dominated by trough crossbedding and contorted lamination. The beds 
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commonly have rooted tops and grade rapidly into siltstone intervals 5 

to 13 m thick. Bedding planes locally contain abundant Pa1aeophycus 

traces (Fig. 29). Burrowing probably occurred during subaerial 

exposure of transverse bars (Stanley and Fagerstrom, 1974) in a 

braided fluvial environment. The presence of the burrows within thick 

ungraded sandstone sequences demonstrates the composite amalgamated 

character of upper Price River sheet sandstones. 

There are two pebbly horizons in the Price River Formation at 

Price Canyon, one of which occurs immediately below the North Horn 

Formation (Fig. 24). The pebbles are angular to rounded, up to 1 cm 

in diameter, and consist of monocrysta11ine quartz, white punky 

mudstone, and purple chert with very fine quartz grains. The latter 

may be silicified limestone. Depositional environments and paleo

currents of the Price River Formation are described in the section on 

the Tuscher Formation. 

Farrer Formation. The Farrer Formation was defined as a 

member of the Price River Formation by Fisher (1936), and formally 

raised to formational rank by Fisher et ale (1960), although it was 

designated a formation by Cobban and Reeside (1952). In the study 

area it is restricted to sections east of the San Rafael Swell, where 

it lies sharply on the variably bleached and oxidized upper surface of 

the Bluecastle Tongue of the Castlegate Sandstone. The nature of the 

surfaCe and the abrupt change to lithic sandstone indicate that the 

contact may be a disconformity, although palynomorph data suggest that 

little time is represented by the contact (Fouch et al., 1983). 
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Figure 29. Palaeo~h~cus traces on interpreted bar surface, Price 
River Formation, meter 8 of Price Canyon section. 



106 

The Farrer Formation as used here includes that portion of the 

post-Bluecastle section dominated by siltstone and mudstone, although 

sandstone makes up 40-50 percent of the section. Sandstone bodies of 

the Farrer are broadly lenticular over tens to hundreds of meters, in 

contrast to more sheetlike geometries in the overlying Tuscher 

Formation. 

The unit is 290 m thick in Tuscher Canyon, thins westward to 

90 m at Horse Canyon, and is at most 40 m thick at Soldier Canyon, 

where it is overlain directly by the North Horn Formation. The 

equivalent section at the base of the lithic petrofacies within the 

lower Price River Formation contains much more sandstone (75 per cent) 

in Price Canyon. Correlatives of the Farrer Formation thus appear to 

coarsen westward toward the thrust belt, but facies relations are 

difficult to establish with confidence. 

The Farrer consists of two facies associations, a massive 

sandstone facies and a siltstone and silty sandstone facies. The 

massive sandstone facies consists of broadly lenticular greenish- to 

brownish-gray beds of very fine to medium-grained micaceous sand

stone. Grain size and size of primary structures both diminish upward 

in the sandstone beds, which are 5 to 18 m thick. The sandstone beds 

rest on erosional bases, above which mudstone chips occur in lags or 

dispersed on foresets of trough crossbeds. Trough crossbeds occur 

above the scoured bases in the lower 1 to 7 m of each sandstone unit 

and are common throughout the sandstone beds. Trough crossbedding is 

associated with convolute lamination and planar-tabular crossbeds in 
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the middle parts of the beds and gives way upward to plane and ripple 

lamination near the gradational tops. 

Siltstone and sandy siltstone facies units gradationally 

overlie sandstone facies units. In general, the finer facies is 

poorly exposed, and consists of light greenish-gray siltstone that 

grades into dark brown shale and siltstone. Sparse interbeds of 

lenticular to tabular very fine to fine-grained silty sandstone 10 to 

250 em thick occur in the siltstone sequences. The sandstone beds 

both coarsen and fine upward in different examples, and contain ripple 

lamination as well as planar and trough crossbeds. Mudstone chips are 

common in the sandier beds, and bed tops are commonly burrowed and 

rooted. 

The fluvial sequences of the Farrer Formation have charac

teristics of both sandy braided (Cant and Walker, 1976) and meandering 

(Stewart, 1981) river systems. Thicker (5 to 18 m) sandstone beds, 

lacking fining-upward trends and dominated by trough crossbedding with 

common intraformational mudstone chips, are typical of braided river 

deposits, while fining-upward sandstone sequ~nces and thick siltstone 

sequences are characteristic of meandering river deposits. The mix of 

clastic sequences and geometries suggests that fluvial regimes varied 

considerably during Farrer time. The sandstone facies was deposited 

in channels and lower point bars, while the siltstone facies 

represents floodplain deposits. The thin sandstone beds in the 

siltstone facies are interpreted to be crevasse-splay deposits. 

Inclined lateral-accretion bedding is present in some fining-upward 
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sequences, but is sparse. The Farrer fluvial system was probably a 

moderately sinuous meander belt, perhaps with a consistent rather than 

flashy annual discharge resulting in the infrequent occurrence of 

lateral accretion units. Thicknesses of sandstone units suggest that 

Farrer rivers were large, with bankfull channel depths of up to 18 m. 

Paleocurrent measurements taken from many horizons indicate consistent 

sediment transport to the east and northeast (Fig. 30). 

Tuscher Formation. The sandstone-dominated sequence above the 

Farrer Formation and below the North Horn Formation was named Tuscher 

Formation (Fisher, 1936) for exposures in a canyon east of the Green 

River, now spelled Tusher on topographic quadrangle maps. 

The Tuscher Formation was assigned a Tertiary(?) age by Fisher 

(1936), a latest Cretaceous age by Cobban and Reeside (1952), and an 

arbitrary Late Cretaceous age by Fisher et ale (1960). Keighin and 

Fouch (1981) discussed the confusion which exists over the actual 

stratigraphie limits of the Tuscher Formation and considered the lower 

Tuscher to be of Late Cretaceous age and an upper pebbly zone to be 

Paleocene in age. Pollen collected recently from two localities in 

the uppermost 25 m of the unit at Range Creek indicate a latest 

Campanian age for the top of the Tuscher Formation in the study area 

(Fouch et al., 1983). 

The Tuscher Formation is 280 m thick at Tuscher Canyon, 183 m 

thick on the Green River, 109 m thick at Range Creek, and absent in 

more western localities, although the "pebbly beds" described below 

are believed to be equivalent to the uppermost part of the unit. 
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Figure 30. Paleocurrent data from Farrer Formation (east of San 
Rafael Swell) and lower 90 m of Price River Formation (Price Canyon). 
All measurements from axes of trough crossbedding. Localities: A. 
Price Canyon; B. Horse Canyon; C. Range Creek; D. Green River; E. 
Tusher Canyon 
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The lower gradational contact with the Farrer Formation was picked in 

this study where the sandstone content of the section exceeds 50 

percent. Consequently, some thickness variation may be due to the 

faciesdependent definition of the unit. 

The Tuscher Formation consists of tan-weathering, sheetlike 

sandstone beds 10 to 20 m thick separated by thinner siltstone 

horizons. The sandstone bases rest on erosional contacts, and 

mudstone clasts are common in poorly defined trough crossbedding of 

the lower 2 to 5 m of each bed. Trough crossbedding is the most 

common primary structure. The sandstone is poorly sorted, with grain 

size ranging from fine to coarse. The thick sheet sandstones are in 

places capped by 3 to 5 m of gently dipping beds of very fine grained 

sandstone with ripple lamination. The sandstone beds are 5 to 30 cm 

thick and separated by thin siltstone drapes. The inclined beds can 

be observed to grade laterally into lenticular bodies of gray silt

stone of equivalent thickness (3 to 5 m). 

Five to 10 percent of the unit consists of gray siltstone 

interbedded with broadly lenticular very fine grained sandstone beds 

up to 0.5 m thick. The sandstone beds contain bone fragments, rootlet 

holes, and, more rarely, the trace fossil Pa1aeophycus, possibly 

formed by insect burrowing (Stanley and Fagerstrom, 1974; Ratcliff and 

Fagerstrom, 1980). Transitions from sandstone to siltstone are abrupt. 

At Range Creek, the Green River, and Tusher Canyon, the 

Tuscher Formation coarsens upward with no apparent depositional breaks 

into pebbly sandstone. Pebbles initially appear in the section 
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dispersed in trough crossbedding and become more common upsection, 

where they often form trough lags. The pebbles are rounded, to 2.5 cm 

in diameter, and consist of gray and tan banded chert, black chert, 

very fine grained white quartz arenite, gray quartzite, pink mono

crystalline quartz, pale green felsite(?), and white mudstone. The 

pebbles are larger and more common than those of the upper part of the 

Price River Formation, which lacks the dramatic coarsening-upward 

character of the Tuscher Formation. 

The sequence of lithologies and sedimentary structures of the 

latest Campanian rocks of the Tuscher Formation and the uppermost 

Price River Formation are similar to those of the model for low

sinousity braided river deposits described by Cant and Walker (1976). 

The dominance of trough crossbedding in the Tuscher Formation suggests 

that downstream-migrating dunes were the most common bedform. More 

common tabular crossbedding in the Price River Formation indicates the 

presence of transverse bars (Smith, 1972). The abundance of a 

lateral-accretion or gently dipping, fine-grained sandstone facies 

indicates that the channels migrated laterally, and probably were 

moderately sinuous. Floodplains were present and helped to stabilize 

and preserve stream channels, but were not ~~ ~~~ensive as during 

Farrer time. Abandoned channels in the floodplain filled with silt

stone to yield the observed siltstone plugs. Stacking of multiple bar 

and channel complexes with erosional bases resulted in massive sheet

like sandstone geometries and lack of obvious fining-upward trends. 
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Paleocurrent measurements in the Tuscher Formation (Fig. 31) 

indicate northeast transport in the lower part of the unit. Paleo

currents in the upper pebbly part of the unit are also northeasterly, 

with a north-northwest mean at the Range Creek locality (Fig. 32). 

Current measurements in the upper Price River Formation at Price 

Canyon and Joes Valley likewise indicate northeast-directed transport 

(Fi g. 31). 

"Pebbly Beds". West of Range Creek, the Tuscher Formation 

pinches out beneath Tertiary sedimentary rocks. At Little Park, only 

120 m of Farrer rocks are preserved beneath the North Horn Formation 

of Late Paleocene age. Local mapping of the Little Park locality 

shows that the North Horn Formation truncates underlying beds with a 

few degrees of angular discordance (Fig. 33). 

Broad channels of white-weathering coarse granule and small 

pebble sandstone are present between the Farrer and North Horn For

mations. The white pebbly sandstone horizon occurs discontinuously 

along strike, and is also present in the Horse Canyon section and at 

Whitmore Canyon. It is 18 m thick at Little Park and 6 m thick at 

Horse Canyon and appears to be concordant with the Farrer although it 

rests everywhere on a scoured base. It consists of poorly sorted, 

fineto coarse-grained, quartzose to sublithic sandstone with scattered 

lags of 4 to 5 mm pebbles and angular granules. Pebble lithologies 

are dominated by light gray, very fine grained quartz sandstone with 

sparser dark to light gray chert, monocrystalline white and pink 

quartz, and white mudstone. Larger rounded clasts, 5 to 10 em in 
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Figure 31. Paleocurrent data for upper part of Mesaverde Group. 
Measurements from trough-crossbedding axes of the Upper Price River 
Formation at Price Canyon (A) and Joes Valley (B), and the non-pebbly 
part of the Tuscher Formation at Range Creek (C), the Green River (D), 
and Tusher Canyon (E). 
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Figure 32. Paleocurrent data from "pebbly beds" at Whitmore Canyon 
(A) and Little Park (B), and pebbly part of Tuscher Formation at Range 
Creek (C), Green River (D), and Tusher Canyon (E). All measurements 
on axes of trough crossbedding. Distribution of Mesaverde Group 
indicated by stipple. 
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Figure 33. Stratigraphic and structural relations of Farrer 
Fonnation, "pebb1y beds", and North Horn Fonnation at Little Park 
locality, showing overlap of Tertiary strata. Paleocurrents measured 
in "pebbly beds" indicate down-dip flow on flank of San Rafael Swell, 
represented by dips in Cretaceous rocks, and contrast with current 
directions nearby at Range Creek (Fig. 32). Location of measured 
section shown by line segments on map. 



diameter, of fine-grained quartzose sandstone are common in some 

trough lags. Trough-crossbedding and contorted lamination are the 

most common structures in the massive, multiply scoured unit. 
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Paleocurrent indicators in the discontinuous white sandstone 

are eastto northeast-directed (Figs. 32, 33). Pebble size and 

lithology in westernmost exposures of upper Tuscher beds are more 

similar to those of pebbles in the "pebbly beds" than to those in the 

upper Tuscher Formation at Tuscher Canyon and elsewhere. 

The "pebbly beds" are bel ieved to have been deposited near the 

end of Tuscher deposition, and thus represent east-flowing tributaries 

of the main northeast-flowing Tuscher river system. Because they are 

undated, the possibility must be considered that they are actually 

reworked Cretaceous rocks deposited in the Tertiary prior to on1ap by 

the North horn Formation. However, geologic relations noted earlier 

indicate structural concordance with the Campanian section and equi

valence with the pebbly upper part of the Tuscher. In addition, a 

potential stratigraphic counterpart intermediate in age between 

Tuscher and North Horn beds remains unrecognized or is absent within 

the study area and for 20 km to the east, to the vicinity of Thompson 

Canyon where conglomeratic sandstone beds of Paleocene age are present 

(T. D. Fouch, U. S. Geological Survey, pers. comm., 1983). 

Post-Campanian Overlap Strata (North Horn Formation) 

The North Horn Formation overlies the Price River Formation 

west of the San Rafael Swell and the Tuscher Formation east of the 

swell. The base of the unit is broadly diachronous, as discussed 
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earlier, and varies in both lithology and thickness. In the central 

Wasatch Plateau, the type North Horn Formation consists of 500 m of 

variegated fluvial and lacustrine deposits which span the Cretaceous

Tertiary boundary and are overlain by the Flagstaff Limestone 

(Spieker, 1946). Ten Kilometers north of the type locality, at Joes 

Valley, tan fluvial sandstone of the No~th Horn overlies bleached 

fe1dspathic sandstone of the Price River Formation on a sharp contact 

marked by a conglomerate lag, and grades upward into a section 

dominated by siltstone. 

In Price Canyon, richly fossiliferous dark gray calcareous 

silt.stone and mudstone of lacustrine origin form the basal 65 m of the 

North Horn (Fig. 6). The lacustrine beds are overlain by 220 m of 

fining-upward sandstone-siltstone cycles which average 10 m in thick

ness. The sandstone is very fine to medium-grained, with trough 

crossbeds and mudstoneand micrite-clast lags above basal scour sur

faces. Crossbedding scale decreases upward into ripple lamination. 

Very fine grained sandstone beds, 10 to 50 cm thick and separated by 

thin siltstone intervals, occur below thick siltstone horizons. In 

the upper part of the section, the fining-upward cycles are inter

rupted by intervals of very fineto fine-grained rippled, and burrowed 

sandstone 5 m thick. 

The lower part of the North Horn in Price Canyon was deposited 

in productive freshwater lakes. The ponded lacustrine basin was 

succeeded by a meanderbe1t environment that characterized North Horn 

deposition in Paleocene time (Fouch et a1., 1983). Bioturbated and 



rippled horizons near the top of the section (Fig. 6) represent 

lake-margin sandstones deposited late in Paleocene time prior to 

deposition of the Flagstaff Limestone. 
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East of the San Rafael Swell, no thick calcareous siltstone or 

shale is present at the base of the section. The North Horn clastics 

and Flagstaff carbonate strata interfinger, making the units difficult 

to differentiate. However, a fluvial interval of sandstone and shale 

ranges from 15 to 40 m thick beneath limestone-dominated lithologies 

in the areas studied. 

East-West Stratigraphic Relations 

Measured sections at the localities of Figure 23 reveal 

thickness changes in both Campanian and post-Campanian strata across 

the axis of the San Rafael Swell (Fig. 34). The post-Blackhawk 

section is thickest in Tuscher Canyon (825 m). It thins northwestward 

to a minimum near Soldier Creek (approx. 250 m) and then thickens 

again to 380 m in Price Canyon. The thinnest section thus occurs at 

the crest of the swell. The Cast1egate to B1uecast1e section varies 

in thickness by only 50 m, indicating that most thinning occurs in the 

upper part of the section. 

Thinning of the post-Bluecast1e section is effected by the 

absence of the Tuscher Formation at studied localities west of Range 

Creek, and gradual thinning of the Farrer Formation from Little Park 

northwest toward Soldier Creek. The thinning of the Farrer is 

erosional, as evidenced by the discontinuous superjacent "pebbly 



Figure 34. Stratigraphie relations of the upper part of the 
Mesaverde Group from west to east across the San Rafael Swell. 
Section thicknesses at Soldier and Whitmore canyons from Fisher and 
others (1960). 
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beds", which overlie different stratigraphic horizons, and slight 

angular discordance between the Farrer and North Horn strata. 
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Thickness and age variations within the post-Campanian section 

record a time-trangressive depositional on1ap across the Mesaverde 

section. About 290 m of uppermost Cretaceous and Lower Paleocene 

North Horn rOCKS accumulated in Price Canyon above the unconformity 

with the Price river Formation prior to deposition of Upper Paleocene 

Flagstaff Limestone. In contrast, North Horn strata deposited on the 

San Rafael Swell and eastward are restricted to the Late paleocene 

(Fouch et al., 1982), and form only thin sequences (15 to 40 m) above 

the ~retaceous rocks. North Horn strata east of the San Rafael Swell 

do not exhibit the marked thickening found in the underlying Campanian 

rOCKS. North Horn deposition thus advanced eastward across an ir

regular post-Campanian erosion surface from Maastrichtian into 

Paleocene time. 

Structural and Paleogeographic Evolution of the Foreland Region 

The observed stratigraphic relations and trends in deposi

tional facies, dispersal directions, and sandstone compositions were a 

response to changing tectonic conditions in Late Cretaceous to early 

Tertiary time in the Utah foreland. Late in Mesaverde time, primary 

deformation and uplift shifted from the thrust belt to sites pre

viously characterized by subsidence and clastic deposition within the 

foreland basin. The following discussion is an interpretation of 

tectonic and paleogeographic events for Campanian, Maastrichtian, and 

much of Paleocene time. 
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Mid-Late Campanian Time 

During the time bracketed by the range fossils Bacu1ities 

asperiformis and Exite10ceras jennyi (79-74 m.y.), the uplifted 

terrane of the thrust belt was the primary source of quartzose clastic 

detritus which was shed eastward and southeastward into the subsiding 

foreland basin. The Castlegate Sandstone has long been interpreted as 

a deposi ti ona1 artifact of major tectoni sm in the thrust bel t 

(Spieker, 1946, 1949; van de Graaf, 1972). Fouch et a1. (1983) 

suggested that uplift coincided with movement on the Meade-Crawford 

thrust system in northern Utah and Wyoming. It may represent early 

movement on the Charleston-Nebo thrust and uplift of Precambrian 

quartzite in thrust sheets above the Pavant thrust farther south. The 

sheet-like sandstone of the lower Cast1egate, which caps the pro

gradational wedge of Blackhawk deltaic deposits, forms a wide belt of 

unchanging lithofacies, suggesting that the unit is broadly time

transgressive between Price Canyon and the Green River. Shaw (1964) 

has outlined similar facies criteria for time-transgressive deposition 

in continental epeiric seaways. 

Although braided fluvial deposition continued in Price Canyon 

following deposition of the lower Castlegate, reduced sediment influx 

and/or increased subsidence allowed a return of marine conditions to 

the Green River area. The evidence for development of a widespread 

soil horizon on top of the lower massive Castlegate in the vicinity of 

the Green river and a Castlegate-Neslen disconformity at Horse Canyon 

may represent subaerial exposure of the Castlegate alluvial plain 



prior to its subsidence beneath a low-gradient coastal plain during 

Nes1en deposition. 
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The Bluecast1e Tongue of the Cast1egate Sandstone forms a 

regional clastic blanket shed northeast by braided rivers, and re

presents the last major pulse of coarse sediment from the thrust belt 

that can be traced into the northern Wasatch Plateau (Fig. 35). 

Younger Price River detritus from the vicinity of Price Canyon ap

parently was diverted to the northeast. The B1uecast1e is a tectonic 

analogue of the massive part lower Cast1egate, although thinner and 

coarser, and suggests a discrete and more proximal uplift event in the 

thrust belt. This uplift is postulated by Fouch et a1. (1983) to be 

coincident with movement on the Absaroka thrust in Wyoming and Utah 

north of the Uinta Mountains. Folding and ramping of the Charleston

Nebo structure at this time probably exposed conglomeratic strata of 

the Upper Cretaceous Indianola Group, which contributed to the coarse 

quartzose nature of the Bluecast1e. 

Late Late Campanian Time 

Evidence exists in the sedimentary record for modification and 

eventual termination of foreland basin deposition between the zones t)f 

Exiteloceras jennyi and Bacu1ites cuneatus (74-73 m.y.). Thrust belt 

deformation west of the Price Canyon continued, probably as late 

uplift of the Char1eston-Nebo structure and folding above more eastern 

blind thrusts (Lawton et al., 1982). Appearance of potassium feldspar 

and outsized spherical quartz grains as well as abundant lithic 
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Figure 35. Inferred paleodrainage during deposition of the 
Bluecastle Tongue of Castlegate Sandstone. Bold arrows show 
paleocurrent locations of Figure 28. Symbols within source area 
indicate derivative grain types: Ls, sedimentary lithic fragments. 
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fragments in strata above the Bluecastle indicates recycling of Middle 

and Upper Jurassic to Lower Cretaceous units (Twist Gulch and 

Morrison(?) Formations), which have distinctive bimodal grain popu

lations and abundant potassium feldspar (Chapter 5). Low to moderate 

sinuosity channels delivered fine to coarse sand eastward and north

eastward. 

In contrast, rivers which deposited the Farrer Formation were 

large and meandering, and probably tapped volcanic sources beyond the 

thrust belt to the west and southwest (Fig. 36). The Kaiparowits 

Formation and Cannaan Peak formations are time-equivalent units 

(Spieker, 1949; Bowers, 1972; Peterson and Kirk, 1977) which lie at 

the top of the Cretaceous section on the Kaiparowits Plateau region of 

south-central Utah along the up-dip projection of Farrer and lower 

Tuscher paleocurrent indicators (Fig. 36). The Kaiparowits Formation 

contains dark gray channel form bodies of lithic arkose rich in 

silicic and intermediate volcanic rock fragments like those of the 

Farrer and Tuscher formations, but in greater abundance. The Canaan 

Peak Formation is a conglomeratic unit of middle to late Campanian age 

with a clast population containing up to 40 percent igneous lithic 

types, including felSite, tuff, and fine-grained porphyritic rocks 

(Bowers, 1972). Together, the Kaiparowits and Canaan Peak formations, 

although separated by an unconformity, form a coarsening-upward 

stratigraphic sequence comparable to that of the Farrer and Tuscher 

formations. It is proposed here that the Kaiparowits and Farrer 

fluvial systems formed an integrated, northeast-flowing big river 
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Figure 36. Inferred paleodrainage and source terranes during 
deposition of Farrer and lower Tuscher formations and their 
equivalents, Bold arrows show paleocurrent localities of Figs. 30 and 
31. Symbols within source areas indicate derivative grain types: Ls, 
sedimentary lithic fragments; Lv, volcanic lithic fragments; F, 
feldspar, 
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system that tapped sources beyond the thrust belt. Addition of 

sedimentary lithic and po1ycrysta11ine quartz components by tributary 

streams draining the thrust belt resulted in a dilution trend away 

from the Lv pole of the QpLsLv plot (see Chapter 5). Farrer rivers 

may reflect decreased relief and tectonic activity in the thrust 

terrane in southwest Utah. 

Braided fluvial deposition in the uppermost Price River 

Formation of Price Canyon probably records the final stages of folding 

in the eastern thrust belt. The return to more quartzose compositions 

suggest that the fe1dspathic mid-Mesozoic sandstones in the adjacent 

thrust belt had been stripped away. 

In the east, stream power gradually increased, and braided 

Tuscher rivers succeeded the Farrer meanderbe1t. The coarsening

upward trend may have been a distal effect of the shift to conglo

meratic deposition of the Canaan Peak Formation. Although more work 

is necessary to determine the source of the pebbles in the upper part 
ft~ +h,. T"""I"I>""A_ 1:"_ ... _ .... : .... _ .: ... .: ____ L.._""_ ... L..~ ......... __ ' __ .1. __ ~ ... L.._ ,, ____ _ 
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Peak Formation represent their proximal equivalents. Chert and 

quartzite pebbles are common in both units, but unequivocal volcanic 

pebbles have not been identified in the Tuscher Formation. An addi

tional problem is that throughout the period of foreland basin de

position, comparable transport distances from the thrust belt resulted 

in the exclusion of pebbles from the clastic rocks of the Green River 

area (Spieker, 1946; Armstrong, 1968; Lawton,1982). 
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As interpreted here, the upsection decrease and disappearance 

of volcanic lithic grains within the upper part of the Tuscher For

mation signal progressive isolation of the Tuscher river systems from 

the volcanic terrane to the southwest. Mesozoic strata of the San 

Rafael Swell, Circle Cliffs uplift, and the Monument upwarp probably 

began to provide a sedimentary source terrane for uppermost Tuscher 

sandstone (Fig. 37). The intraformational nature of the quartz 

arenite and sublitharenite clasts found in the pebbly beds at all 

localities indicates recycling of foreland basin sandstone from the 

San Rafael Swell. Moreover, the contrast in pebble lithology, size, 

and shape between the upper part of Tuscher Formation and the "pebbly 

beds" suggests different sources for the pebble populations. Pebbles 

of the "pebbly beds ll were most likely recycled from uplifted pebbly 

strata of the Price River Formation. 

On the basis of this study, the favored interpretation for the 

age of the II pebbly beds ll and hence, uplift of the San Rafael Swell, is 

latest Campanian. The interpretation is based on: 1) the presence 

of uppermost Campanian beds in the Tuscher Formation immediately 

beneath the North Horn Formation at Range Creek, 2) consistent 

stratigraphic relations at the Green River and Tuscher Canyon locali

ties which indicate a hiatus between uppermost Tuscher and North Horn 

beds in the study area, and 3) the onlap of basal North Horn strata 

across truncated older beds, indicating that structural relief on the 

swell was attained prior to North Horn deposition. 
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Figure 37. Inferred paleodrainage and extant source terranes 

during deposition of pebbly Tuscher Formation, "pebbly beds", and 
equivalents. Equivalents include the Canaan Peak Formation in 
southwest Utah (Bowers, 1972), the Ohio Creek Member of the Hunter 
Canyon and Mesaverde formations in the Piceance Creek basin (Johnson 
and May, 1980) and the Fruitland and Kirtland formations of the San 
Juan basin. Inferred source areas for Piceance Creek basin from 
Hansley and Johnson (1980); for the San Juan basin from M. A. Klute, 
University of Arizona, (pers. commun., 1982). Structural elements of 
Colorado Plateau and Rocky Mountain regions after Kelley (1955). Bold 
arrows show relevant paleocurrent localities of Fig. 31 and 32. 
Symbols within source areas indicate derivative grain types: Ls, 
sedimentary lithic fragments; Lv, volcanic lithic fragments, F, 
fel dspar. 
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Growth of the San Rafael Swell clearly occurred between latest 

Campanian and late paleocene time. The Campanian age interpreted here 

is thus consistent with stratigraphie and sedimentologic relations in 

the stu~ area, particularly the absence of an intermediate 

Maastrichtian or Lower Paleocene unit between the Tuscher and North 

Horn Formations. Because such a unit appears to be present east of 

the stu~ area. as mentioned previously, careful mapping of the 

sub-North Horn unconformity and direct dating of the ·pebbly beds· m~ 

be necessary to unequivocally resolve the age question. 

Post-Campanian Time. 

Campanian rocks are succeeded by an unconformity everywhere in 

the stu~ area, and probably throughout the eastern Utah-western 

Colorado region (Hansley and Johnson, 1980). Sedimentation resumed in 

the stu~ area in the vicinity of the Wasatch Plateau in Maastrichtian 

time, at about 70 m.y. (Spieker, 1946; Fouch et al., 1983). Deposi

tion first occurred in sluggish meanderbelt and freshwater lacustrine 

environments as drainage ponded in the structural depression between 

the thrust belt and the San Rafael Swell. East-directed meanderbelt 

and possible braided fluvial deposition resumed and continued into the 

Paleocene. Sandstone compositions and stratigraphic position of the 

lower Tertiary fluvial strata indicate equivalence to the quartziteand 

carbonate-clast conglomerates that form a basal facies of the North 

Horn Formation to the west and onlap deformed rocks of the thrust belt 

(Merrill, 1972; Pinnell, 1972; Young, 1976; Weiss, 1982). The coarse

grained strata m~ record final isostatic uplift of the thrust ter-
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rane, as tectonically thickened crust was thinned by erosion. The 

deposition that began in Maastrichtian time expanded westward from the 

Wasatch Plateau and onlapped the frontal deformed belt of the thrust 

terrane by the Late Paleocene (Fig. 38; Stanley and Collinson, 1979; 

Fouch et al., 1982). The depositional relations of the overlap 

sequence thus indicate that thrusting was unequivocally complete by 

Paleocene time, but may have terminated during the Maastrichtian. 

North Horn rocks also onlapped the arch of the San Rafael Swell 

farther east as the structural basin filled with sediment. Onlap of 

the swell was complete by latest Paleocene time (Fouch et al., 1982). 

Implications of Paleogeography for Age of Plateau Uplifts 

The shift of paleocurrents during Tuscher deposition was the 

first major reorganization of regional drainage systems established 

with the onset of foreland basin subsidence and sedimentation in late 

Albian time in central Utah (Lawton, 1982; Lawton et al., 1982; Lawton 

and Mayer, 1982). The change was due to initial and rapid growth of 

the San Rafael Swell within the foreland basin. Rapid latest 

Campanian growth is evidenced by: 

(1) Removal of earlier Campanian units by erosion during 

deposition of the Tuscher Formation; 

(2) Formation of consequent drainages that flowed down 

structure off the swell (Fig. 33) and carried clasts of Upper 

Cretaceous strata; and 

(3) Abrupt isolation of the drainage basin from volcanic 

sources that had contributed to Farrer deposition. 



Figure 38. Schematic diagram of Maastrichtian-Upper Paleocene 
on1ap relations within North Horn Formation between thrust belt and 
San Rafael Swell. Western half of figure after Stanley and Collinson 
(1979). 
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The development of source areas on the swell suggests that 

initial uplift was rapid. However, west-transported conglomerates are 

not known in Campanian rocks, which may be attributable either to lack 

of preservation of strata or to the east-facing asymmetry of the swell 

(Kelley, 1955). 

The swell formed formed a sediment barrier during the 

Maastrichtian and Early Paleocene, as evidenced by ponding of sediment 

in the Wasatch trough to the west (Stanley and Collinson, 1979). The 

structural basin filled by Late Paleocene time and provides a minimum 

age for final uplift of the swell. Unpublished data on Eocene sands 

tone compositions and paleocurrents indicate that massive volumes of 

arkose swept across the intermontane plains from uplifts in south

western Colorado to form the Eocene Colton Formation along the Green 

River (W. R. Dickinson and K. F. Inman, University of Arizona, pers. 

commun., 1982). Stanley and Collinson (1979) also document the 

appearance of arkose in the Wasatch Plateau in Eocene time. 

Rates of Uplift of Plateau Monoclines 

The time interval between first growth of the San Rafael Swell 

in Campanian time (73 m.y.) and on1ap of first Tertiary rocks (58 

m.y.) is 15 m.y. (Fouch et al., 1982). Initial rapid uplift caused 

the steep east flank to serve as a sediment source in latest Campanian 

time. Lacustrine rocks ponded against the gentle west flank beginning 

approximately 70 m.y. (Fouch et al., 1983). Thus, the time span 

during which the swell is actually growing was 3 to 15 m.y., if 

ponding indicates that the structure was more or less fully es-
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tablished. Structural relief developed across the eastern monocline 

is 1067 m (3500 ft; Kelley, 1955). Sedimentologic constraints thus 

indicate uplift rates in the range 0.36 to 0.07 mm/yr (0.36 to 0.1 

m/103 yr). If all uplift occurred within Tuscher time, the estimate 

could be increased to about 1 mm/yr (1 m/l03 yr). The calculated 

uplift rates for the swell are compared with modern and ancient uplift 

rates in various orogenic belts in Figure 39. The comparatively low 

strain rates shown by this particular plateau uplift may account for 

the ability of competent rocks to form drape folds under relatively 

low confining pressures across basement faults in other Laramide-type 

structures (Stearns, 1978). 



Figure 39. Calculated uplift rates of San Rafael Swell compared 
with uplift rates from Quaternary examples and one Laramide example 
(Shuswap complex). Sources: 1. Howell and von Huene, 1981; 2. 
Bull, 1982; 3. Vita-Finze, 1979; 4. W. B. Bull, University of 
Arizona, perso communo, 1982; 5. Peng et a1., 1982; 6. Thatcher and 
Matsuda, 1981; 7. Strecker et a10, 1982; 80 Kellogg and Bonini, 
1982; 90 Speed and Larue, 1982; 10. Naeser et a1., 1980; 11. Coney, 
1979; 12. Hamblin et alo, 1981; 13. Menges and Pearthree, in prep. 
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Conclusions 

Patterns of sedimentation and sandstone compositions in 

central Utah record an eastward expansion of tectonism from the thrust 

belt into the foreland region during Late Campan:an time. Fore-

1andbasin sedimentation was terminated in latest Campanian time as 

deformation in the thrust belt waned and uplift occurred within the 

basin. Intrabasin uplift took the form of individual domes and arches 

over basement faults (Davis, 1978). Latest stages of folding in the 

thrust belt are interpreted to have been contemporaneous with uplift 

of the San Rafael Swell. Coeval growth is consistent with structural 

interpretations inferred from detailed sedimentological study of the 

Hoback Basin, situated in an analogous tectonic position between the 

Wyoming thrust belt and the Wind River uplift (Dorr et al., 1978). 

Both the thrust belt and the San Rafael Swell were onlapped by sedi

mentary strata of Late Paleocene age. However, the development of 

basement sources in Colorado was apparently delayed until the Eocene, 

and suggests that the Laramide deformational front moved eastward with 

time. 



CHAPTER 5 

CONGLOMERATE AND SANDSTONE COMPOSITION 
OF THE FORELAND BASIN STRATA 

Eastward fining and thinning of Upper Cretaceous strata in 

central Utah, and the presence of identifiable Paleozoic and Mesozoic 

lithologies in conglomerates of the Indianola Group, led to the 

recognition and delineation of an orogenic terrane west of the fore

land basin (Spieker, 1946, 1949; Harris, 1959; Armstrong, 1968a). An 

upsection decrease in the relative abundance of limestone cobbles in 

Indianola conglomerates of the Gunnison Plateau (Spieker, 1949) was 

interpreted by Armstrong (1968a) to represent an unroofing sequence 

created as upper Paleozoic carbonate clasts were stripped from up

lifted thrust plates before lower Paleozoic and upper Precambrian 

quartzites could be eroded. Similar inverted stratigraphies have been 

reported from the northern Utah-Wyoming-Idaho thrust belt (Armstrong 

and Oriel, 1965; Royse et al., 1975) and the Alberta foreland basin 

(Price and Mountjoy, 1970). 

Likewise, the identification of grain types and determination 

of their relative abundances in sandstones have proven to be powerful 

techniques for characterizing both modern and ancient source terranes 

(Dickinson and Suzcek, 1979; Dickinson and Valloni, 1980; Dickinson, 

1982; Mack, 1982). Detrital compositions and careful identification 
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of lithic grains serve also as a test for paleogeographic models 

generated through studies of regional stratigraphy and structural 

geology (Dickinson, 1970; Graham et a1., 1976; Harbaugh and Dickinson, 

1982). 

While abundant compositional data exist for some basin types, 

such as forearc basins (Dickinson, 1982; Ingersoll, 1978), very little 

information exists on sandstone compositions in foreland basin set

tings. Suttner et a1. (1981) presented sandstone data for the 

Mesozoic from the Montana foreland. The single published statistical 

treatment of clast compositions for central Utah conglomerates indi

cate~ that the Indianola section does not everywhere show strati

graphically controlled compositional trends (Jefferson, 1982). 

Selected compositional data also exist for productive sandstone units 

of the Mesaverde Group and associated units in the Uinta and Piceance 

Creek basins (Hansley and Johnson, 1980; Keighin and Fouch, 1981). 

The purpose of this chapter is to present compositional data 

for Upper Cretaceous sandstones and conglomerates of the foreland 

basin, and to interpret the most important influences upon detrital 

compositions. A number of factors may be important in influencing 

sandstone composition: 

1) Contrasting depositional environments, in the absence of 

climatic variations and differences in source area, may affect the 

percentages of the light mineral components of a sandstone. The 

change may be due to active reworking of grains in certain 

environments (Mack, 1978), or grain size changes in different 



environments linked to grain size dependency of certain grain types 

(Odom, 1975; Misko and Hendry, 1979). 
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2) An evolving source terrane can cause cyclic variability in 

sandstone composition (Dickinson and Rich, 1972; Suttner et al., 

1981). The unroofing of a stratified source terrane may result in 

deposition of inverted clast stratigraphies, as discussed previously. 

3) Geographic changes in source area with time affect the 

compositions of derivative clastics. Shifting sources may result from 

the development of integrated big river systems (Potter, 1978), 

exemplified by the A~mazon drainage which taps both fold belt and arc 

sources, or changes in the geographic locus of regional tectonism 

(Suttner et al., 1981). 

4) Climate, modification of grains by transportation, dia

genesis, and surface weathering affect final detrital compositions. 

The variables of category 4 above are not extensively con

sidered here for several reasons. Allowance for diagenetic changes in 

sandstones can be made by understanding its effects. Thorough studies 

of diagenetic effects on Upper Cretaceous sandstones, both in the 

subsurface and on the outcrop, have documented the extent to which 

post-depositional events modified the original mineralogy of units 

closely related to those of the present study (Hansley and Johnson, 

1980; Keighin and Fouch, 1981). The studies indicate that it is quite 

possible to interpret the original modal compositions of the sand

stones despite minor diagenetic changes. In addition, thin sections 

of cored sandstones from a well in Price Canyon (Fig. 5) were 
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pOint counted for comparison with surface collections across the 

canyon to test for modifications during surface weathering. The 

comparison indicates that compositions of Upper Cretaceous sandstones 

at the surface in central Utah do not differ significant1y from those 

at depth. 

Climate during Late Cretaceous time in central Utah was 

relatively constant, and probably did not exercise a secular effect on 

sandstone compositions. Evidence for a consistent temperate-humid to 

subtropical climate lies in the presence of coastal coals at both the 

top and bottom of the Indianola section (Lawton, 1982) and throughout 

the Mesaverde Group (Fisher et al., 1960), and in the predominance of 

textures indicative of humid-climate deposition in alluvial fan 

facies. Morphology of plant leaves in the Blackhawk Formation further 

suggests a warm-temperate to subtropical seasonal climate, at least 

during middle Campanian time (Parker, 1976). 

Alteration of sandstone composition may occur by grain abra

sion and breakage during fluvial transport. However, changes in 

relative abundances of the light mineral fraction of modern sands 

proceed slowly, and significant effects in moderate to low gradient 

systems such as the South Platte and South Canadian Rivers of the 

Great Plains can be measured only across distances of 960 to 1120 km 

(600 to 700 mi; Pollack, 1961; Hayes, 1962). A maximum transport 

distance of 150 km from the thrust belt to the Green River may be 

calculated using Castlegate paleocurrent data. Consequently, grain 
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transport by fluvial systems was probably at most a subordinate factor 

in influencing ultimate sandstone compositions in the foreland basin. 

This chapter thus investigates the influence of the first 

three factors, depositional environment, evolution of source area, and 

change in source area, on Upper Cretaceous conglomerate and sandstone 

compositions in central Utah. 

Petrography of the Clastic Rocks 

Petrographic Methods 

All data on sandstone petrography and conglomerate clasts were 

collected with reference to associated depositional environments. To 

obtain clast data, an area of appropriate size was delineated on 

conglomeratic outcrops. All cobbles within the area greater than a 

predetermined minimum diameter were then counted, and their litho

logies recorded, usually to yield a minimum population of 300 clasts. 

Sandstone samples were thin sectioned, and a minimum of 400 framework 

grains counted for each sample on an 0.6 x 0.6 mm grid. Four hundred 

modal points insures a two-sigma confidence range of 5 percent or less 

of the whole rock for any calculated modal percentage (van der plas 

and Tobi, 1965). 

Modal data for conglomerates and sandstones are listed in 

Appendces A and B on a formational basis. Locations of specific 

samples are shown adjacent to columns in Figures 4 and 5. In the 

following discussion, the compositional information is compiled as 

figures and summary tables. 



Definition of Grain Types 

Clast and grain types for conglomerates and sandstones were 

defined operationally at the outset of the study to insure counting 

consistency. Brief descriptions of the lithologic groupings are 

outlined in Table 2 for conglomerates and Table 3 for sandstones. 

Conglomerate Clast Types. The following clast types were 

distinguished during clast counts at conglomeratic outcrops: 
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1) Quartzite. Quartzite clasts are compositional quartz 

arenites with quartz cement. Red, pink, and purple plain and banded 

quartzites were discriminated from white, tan, and gray quartzites 

because the pink varieties may be tied to a specific source lithology, 

the Upper Precambrian Mutual Formation, presently exposed in upper 

plate rocks of the Canyon Range thrust to the west (Christie-Blick, 

1982; Sprinkel and Baer, 1982). 

2) Carbonate. Carbonate clasts consist of a wide range of 

colors and textures. They are most commonly gray and tan, and range 

from micritic limestone to coarse saccharoida1 dolomite. Limestone 

and dolomite were discriminated during counts using a stain prepared 

with alizarin red-S solution (Dickson, 1966). The carbonate category 

includes clasts partly replaced by chert (Fig. 40). 

3) Chert. This category includes cryptocrystalline siliceous 

pebbles that are tan, gray, white, red, and rarely, black. The chert 

occasionally contains thin laminations or once-calcareous invertebrate 

fossils, indicating an origin by replacement of limestone or dolomite. 
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Table 2. Lithologic types discriminated in clast counts of 
Indianola Group conglomerates, and calculated conglomerate parameters 
plotted in Figure 43. 

A. Clast Types 

1. Qz: Quartzite 
a. Qzrp: Red, pink, and purple quartzite 
b. Qzo: Quartzite of other colors 

2. Ca: Carbonate 
a. Limestone 
b. Dolomite 

3. Ch: Chert 

4. Ss: Other Clastic 
a. Sandstone 
b. Mudstone, siltstone 

5. Miscellaneous 
a. Vein quartz 
b. Silicified bone and plant fragments 

B. Calculated Conglomerate Parameters 

1. Qz = Qzrp + Qzo = Total percent quartzite 

2. CC = Ca + Ch = Percent carbonate + chert 

3. Norm CC = CC/(CC + Qz) 

= Percent (carbonate + chert) normalized 
to percent (quartzite + carbonate + chert) 
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Table 3. Sandstone grain categories used in calculating QtFL 
and QmFLt plots. 

1. Qt: Total framework quartz (Qt = Qm+Qp) 
a. Qm: Monocrystalline quartz 

1. Uniform extinction 
2. Undulose extinction 

b. Qp: Polycrystalline quartz 
1. Chert 
2. Polycrystalline quartz of sedimentary, igneous, and 

metamorphic origin 
3} Aggregate quartz of indeterminate origin 

2. F Total framework feldspar (F = K+P) 
a. K: Potassium feldspar 
b. P: Plagioclase feldspar 

3. L Framework lithic fragments (for QtFL plot; L = Ls+Lv+Lo) 
a. Ls: Sedimentary lithic fragments 

1. Argillite - shale 
2. Very fine grained feldspathic sandstone 
3. Detrital Carbonate 

b. Lv: Volcanic - hypabyssal lithic fragments 
1. Microlitic volcanic rock fragments 
2. Hypabyssal volcanic rock fragments 
3. Felsite 

c. Lo: Lithic fragments of other origin 
1. Plutonic rock fragments 
2. Polycrystalline quartz + white mica 
3. Polycrystalline white mica 

4. Lt: Total framework lithic fragments (for QmFLt plot; Lt = 
L+Qp) 
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Figure 40. Dolomite clast partially replaced by chert, Indianola 
Group, Chicken Creek, Gunnison Plateau. Location is 500 m above base 
of section (Figure 4). 
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4) Other clastic. The clastic category includes a wide range 

of detrital rock types including red to tan feldspathic and sub-

1itharenitic sandstone and white, brown, and gray mUdstone and 

siltstone. 

Miscellaneous categories include white vein or bull quartz, 

silicified wood fragments, and bone material. 

Sandstone Grain Types. Standard QtFL (Dickinson, 1970) and 

QmFLt (Graham et al., 1976) diagrams are plotted in this section to 

illustrate compositional characteristics of Indianola and Mesaverde 

Group sandstones. Grain categories for the plots are listed in Table 

3. Sandstone terminology used here follows the classification of 

McBride (1963). Sedimentary lithic grains (Ls) dominate the lithic 

component of most sandstones examined; however, a significant popula

tion of volcanic lithic fragments occurs in the Farrer and Tuscher 

Formations. For the Farrer, Tuscher, and Price River Formations, a 

QpLsLv plot (Graham et al., 1976) is also included. Lithic grain 

types are listed in Table 3, and are in general defined following the 

descriptions of Graham et ale (1976). However, there are some dif

ferences in the classification used here; hence, a brief description 

of the dominant grain types follows: 

1) Argillite-shale: murky, fine-grained siliceous or argilla

ceous fragments, many containing silt-sized quartz and feldspar grains; 

2) Chert: microcrystalline aggregates of equant silica 

grains, with most domains less that 0.03 mm; 
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3) Carbonate: 1irnec1asts of variable texture, ranging from 

micrite through mosaic microspar and pseudospar to coarse-grained or 

monocrysta11ine spar; 

4) Volcanic-hypabyssal: fine-grained fe1sitic fragments with 

aphanitic to microporphyritic or mosaic textures and rare micro1itic 

and flow-banded siliceous grains; 

5) Aggregate quartz: fine-grained po1ycrysta11ine quartz, 

including chalcedony, probably chiefly of vein origin; 

6) Fe1dspathic sandstone: detrital quartzofe1dspathic ag

gregates of silt to very fine sand grains; 

7) Lithic fragments of other origin: most common are plutonic 

grains, which are interlocking quartzofe1dspathic aggregates, some 

including mica, with myrmekitic or poiki1itic textures, and po1y

crystalline fine-grained mica and quartz-mica aggregates lacking 

distinctive hornfe1sic texture. 

Discrimination of the above lithic types is sometimes dif

ficult and in some rocks occasionally subjective. Extraformationa1 

argillite grains cannot always be discriminated texturally from 

intraformational mudstone chips, which rarely exceed 1 percent in the 

samples counted and must be recognized by their anomalously large 

grain sizes. Fine-grained argillite and chert compose end members of 

a range of compositions with variable amounts of included argillaceous 

and opaque material. Most, if not all, chert formed by diagenetic 

replacement of limestone and dolomite prior to erosion of the clastic 

grains; the replacement of micrite frequently resulted in the 
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inclusion of very fine detrital material in impure chert grains, 

including occasional silt grains, generally quartz but rarely feld

spar, and aphanitic material that imparts a dark gray smoky texture to 

the chert. Moreover, silicified invertebrate fossils are common in 

chert grains (Fig. 41). In general, grains containing more than 10 

percent argillaceous or opaque inclusions were counted as argillite, 

although pebbles of the same material in conglomerates would 

undoubtedly be counted as chert. Felsite grains are distinguished by 

their mottled internal relief, although argillaceous chert grains also 

may show irregular internal relief. Consequently, an important 

criterion for felsite recognition is the presence of sodium 

coba1tinitrite stain, which chert and argillite grains fail to 

acquire. In general, high confidence is attributed to the relative 

proportions of the major grain types (Qm, Qp, F, Ls, Lv, and Lo), the 

subcategories of which are listed in Table 3. The potentially 

greatest source of incon- sistency rests in the discrimination of 

chert and argillite, which may affect the relative proportions of Qp 

and Ls, respectively. 

Detrital Mineralogy of Indianola Group 

Indianola Group compositional data were processed for samples 

collected at Chicken Creek and Sixmile Canyon (Chapter 3). Indianola 

sandstones are compositional litharenites, sublitharenites, and quartz 

arenites. QtFL and QmFLt compositions are plotted in Figure 42. The 

dominant lithic grain type in Indianola sandstones is detrital car

bonate, which ranges in abundance from 0 to 52 percent, with a mean 
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Figure 41. Crinoid and shell fragments in argillaceous chert. 
Crinoid is 0.81 mm in diameter. Sample UT81TL57, Price River 
Formation. 
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Figure 42. QtFL and QmFLt plots for Indianola Group sandstones 
from Chicken Creek (Triangles A,B) and Sixmi1e Canyon (Triangles C, 
0). Open symbols indicate samples from marine facies. Numerals 
adjacent to symbols indicate multiple coincident observations. 
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of 20 percent (Table 4). Argillite-shale grains are next in abun

dance, ranging from 0 to 16 percent, with a mean of 2.5 percent. 

Chert grains, commonly containing silicified calcareous invertebrate 

fragments, range from 0 to 13 percent, with a mean of 2 percent. The 

compositions plot within fields for recycled orogenic provenances of 

Dickinson and Suczek (1979), and the dominance of sedimentary lithic 

grains indicates a sedimentary source. 

Diagenetic Effects. The major diagenetic effect noted in 

Indianola sandstones is development of sparry calcite cement and the 

recrystallization of detrital carbonate grains to form coarse mosaic 

spar. Consequently, detrital carbonate grains must often be counted 

by using relic textures in tracts of sparry calcite. In sandstone 

samples that do not contain detrital carbonate grains, calcite cement 

is not present. The observed relationships suggest that calcite 

cement in the Indianola sandstones is formed locally from detrital 

carbonate grains. An attempt to determine the loss of detrital 

carbonate was made by counting carbonate cement as part of the 

sandstone framework, and comparing the total carbonate present in the 

sandstones to car- bonate clast percentages in the conglomerates. 

Sandstones of the Indianola section at Chicken Creek contain an 

average of 5.4 percent less carbonate than the conglomerates, 

suggesting that loss of car- bonate occurs during grain size reduction 

and diagenesis. Thin rims of hematite cement often occur on detrital 

carbonate grains, but are poorly developed to absent on siliclastic 

grains. 
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Table 4. Mean modal compositions of Indianola Group sandstones. 

TABLE 4 

Detrftal 
Unit n Q F L ~ Lt K P Qp Ls Lv COl 

Indianola Group, 8 74.7 O.l 24.9 71.5 2S.2 O.l 0.1 4.9 25.3 0 20.7 

Undifferentiated (19.4) (0.3) (19.8) (19.S) (20.0) (0.3) (0.1) (2.9) (20.1) (22.9) 

Sanpete Formatfon 5 77.1 2.8 20.2 75.5 21.7 2.7 0.1 1.5 20.1 0 17.4 

(10.3) (1.6) (11.S) (9.2) (10.7) (1.5) 0.2 (1.4) (11.8) (11.5) 

Funic Valley 10 69.1 3.4 25.3 69.0 27.6 3.4 0 2.l 25.2 0 24.7 

Fonnation (8.4) (3.7) (11.1) (8.7) (10.3) (3.7) (2.0) (11.1) (11.5) 

Sfxml1e Canyon 9 84.9 0.1 15.0 SO.3 19.6 0.1 0 4.6 15.0 0 13.9 

Fonnation (15.7) (0.2) (15.6) (14.2) (14.1) (0.2) (4.7) (15.6) (16.5) 
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Compositional Trends. For comparison of conglomerate and 

sandstone compositions, and to allow quantification of compositional 

trends through the Indianola section, frequency data are plotted with 

respect to stratigraphic position at both Chicken Creek (Fig. 43) and 

Sixmile Canyon (Fig. 44). Parameters plotted for conglomerates 

include pink and purple quartzite (Qzrp), total quartzite (Qz), 

carbonate + chert (CC), and CC/(CC+Qz). Sandstone grain parameters 

plotted are Qm (in place of Qz), carbonate + chert (CC), a normalized 

parameter as for the conglomerates [CC/(CC+Qm)], and total feldspar 

(F) at Sixmile Canyon only. The textural evidence in both 

conglomerate clasts and sandstone grains for formation of chert 

through carbonate silicification dic- tates the combination of chert 

and carbonate as a provenance-sensitive parameter. Least squares 

curves fitted to the data indicate important compositional trends in 

both conglomerates and sandstones for several parameters: 

1) Quartzite (Qz) and monocrystalline quartz (Qrn). The 

monocrystalline quartz and quartzite content clearly increases 

upsection in both the Chicken Creek and Sixmi1e Canyon sections. A 

dramatic increase in quartz content occurs at the top of the Chicken 

Creek section in the proximal alluvial fan deposits. 

2) Pink and purple quartzite (Qzrp). Banded quartzite clasts 

derived from the Precambrian Mutual Formation increase in frequency 

upsection. 

3) Carbonate and chert (CC). Clast and grain types derived 

from carbonate source rocks decrease in frequency upsection. A rapid 
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Figure 43. Stratigraphic compositional trends for the Indianola 
Group at Chicken Creek, Gunnison Plateau, Utah. Column headings refer 
to clast and grain types described in Tables 2 and 3, with Qm 
substituting for Qz in sandstone samples. Key to symbols: circles, 
conglomerate clast data; triangles, sandstone modal data; squares, 
sandstone modal data with carbonate cement counted as detrital 
carbonate. Solid symbols indicate best fit curves for each data 
category. Curves calculated only for Indianola portion of section. 
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Figure 44. Stratigraphic compositional trends for sandstones of 
the Indianola Group at Sixmile Canyon, Wasatch Plateau, central Utah. 
Column headings refer to grain types described in Table 3. Key to 
symbols: triangles, sandstone modal data; squares, sandstone modal 
data with carbonate cement counted as detrital carbonate. Solid 
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decrease in carbonate content within strata at Chicken Creek equi

valent to basal Sixmi1e Canyon Formation at Sixmi1e Canyon is not 

matched, however, by an equivalent decrease at the type area in 

Sixmile Canyon. 
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4) Feldspar (F). The total feldspar frequency in the Sixmi1e 

Canyon section does not display a characteristic stratigraphic trend. 

Measureable feldspar percentages are restricted to marine units of the 

Sanpete and Funk Valley Formations. Figure 45 is a separate plot of 

feldspar content against average grain size in all Indianola sand

stones, and is discussed later. Average grain size was calculated for 

some samples by averaging 25 to 30 grain diameters during a traverse 

with a point count stage, and was estimated for other samples. 

Comparisons of calculated and estimated averages suggests that 

estimated averages are accurate to within 0.1 mm. 

Detrital Mineralogy of Mesaverde Group 

Compositional data for the Mesaverde Group were processed for 

samples in Price Canyon (both outcrop and subsurface collections), 

Joes Valley, Range Creek, and the Green River. QtFL and QrnFLt compo

sitions are plotted in Figure 46. As described in Chapter 4, sand

stone stratigraphically below the Bluecast1e Tongue of the Cast1egate 

Sandstone, both west and east of the San Rafael Swell, is compo

sitional quartzarenite to sublitharenite of the quartzose 

petrofacies. The lithic petrofacies of the Price River, Farrer, and 

Tuscher Formations is compositionally more varied: sandstone west of 
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Figure 46. QtFL and QrnFLt plots for Mesaverde Group sandstones. 
Dashed line in QtFL triangle for Price River Formation is L/(L+F) = 

0.80. 
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the San Rafael Swell is generally litharenite and sublitharenite, 

while sandstone east of the swell is feldspathic litharenite. Both 

the western and eastern subsuites of the lithic petrofacies become 

increasingly quartzose upsection. 
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A summary of mean compositional data for Mesaverde Group 

sandstone is shown in Table 5. Monocrystalline quartz is the most 

common constituent, ranging from 37 to 98 percent. Lithic fragments 

range in frequency from 0 to 48 percent and are generally dominated by 

murky argillites and silty argillites. Detrital carbonate content is 

variable, although the total is generally less than in Indianola 

rocks. Volcanic lithic fragments (Fig. 47) are an important 

constituent high in the eastern sections, and slightly exceed 25 

percent in several Farrer samples. Volcanic lithic fragments most 

diagnostic of provenance composition have aphanitic textures rich in 

potassium feldspar and glassy to devitrified eutaxitic structures, 

both suggesting a silicic volcanic source, and oriented microlitic 

textures indicative of an intermediate volcanic source. In addition, 

refractive indices of individual plagioclase grains are less than 

quartz indices, indicating plagioclase compositions of An20 or less 

and probable derivation from intermediate to silicic source terranes. 

Except in the Price River Formation, samples with a measureable Lv 

component generally contain at least 10 percent total feldspar. 

The range in lithic grain types within the lithic petrofacies 

is shown in Figure 48 by the use of a QpLvLs triangular plot (Graham 

et a1., 1976) of the relative abundances of sedimentary lithic 
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Figure 47. Volcanic lithic grain with microlitic texture defined 
by euhedral plagioclase laths. Tabular grain in upper right is 
partially kaolinitized plagioclase. Horizontal dimension of carbonate 
grain in upper left is 0.12 mm. Sample UT81TL153; Tuscher Formation, 
Green River. 
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Figure 48. QpLsLv compositional plot of sandstones of Price 
River, Farrer, and Tuscher Formations. Qp: po1ycrysta11ine quartz, 
including chert; Ls: sedimentary lithic grains, including detrital 
carbonate; Lv: volcanic lithic grains. Dashed line is Qp/(Qp+Ls) = 
0.52. 
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Table 5. Mean modal compositions of Mesaverde Group sandstones. 
Numbers in parentheses are standard deviations. Grain parameters are 
defined in Table 3. 

Detrf tal 
Unit n Q F L ()a Lt K P Qp Ls Lv C03 

Castlegate Sandstone 12 89.3 0.9 9.8 84.0 14.2 0.8 0.1 4.4 9.4 0.2 7.6 
(12.7) (1.2) (13.0) (11.8) (12.3) (1.1) (0.2) (3.4) (12.8) (0.6) (12.9) 

Neslen Formatfon 77.0 5.0 18.1 66.8 28.3 3.0 2.0 10.2 10.0 2.0 3.9 
Bluecastle Tongue 8 96.8 0.5 2.6 92.7 6.7 0.1 0.3 2.0 2.6 0 2.0 

(3.7) (0.7) (3.3) (6.7) (6.4) (0.2) (0.6) (3.0) (3.3) (3.0) 
Prfce River 21 75.5 5.1 19.4 66.4 28.5 4.7 0.4 9.1 12.6 3.4 3.5 

Fomatfon (17.2) (3.8) (13.7) (18.9) (15.4) (3.9) (0.6) (4.0) (8.2) (5.1) (4.3) 

Farrer Formatfon 10 51.3 18.0 30.7 37.2 44.8 9.1 8.9 14.1 14.5 13.3 5.0 
(8.0) (4.4) (10.4) (7.0) (9.1 ) (2.7) (2.8) (4.2) (4.3) (9.7) (3.7) 

Tuscher Formation 13 64.1 15.4 20.5 51.5 33.1 10.1 5.3 12.6 10.5 7.2 1.2 
(11.7) (5.5) (7.2) (10.2) (7.6) (3.6) (3.6) (5.2) (4.3) (6.1) (2.3) 
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fragments (Ls), volcanic lithic fragments (Lv), and polycrystalline 

quartz (Qp), which includes chert. Only sandstone samples containing 

a framework lithic population of greater than 25 percent are plotted. 

The plot indicates that the lithic grain population of sandstones in 

the Price River Formation is generally dominated by sedimentary rock 

fragments, whereas variable but significant quantities of volcanic 

grain types are found in sandstones of the Farrer and Tuscher 

Formations. 

Diagenetic Effects. Three types of diagenetic effects were 

observed in the Mesaverde Group sandstones: 

1) Mechanical crushing of argillaceous sedimentary rock 

fragments between more durable siliciclasic framework grains to yield 

wispy pseudomatrix (Dickinson, 1970); 

2) Formation of sparry void-filling calcite cement in sand

stones with detrital carbonate grains, generally accompanied by 

recrystallization of the limeclasts and partial to complete replace

ment of feldspar grains by calcite; and 

3) Replacement of plagioclase (commonly) and detrital car

bonate grains (less commonly) by clay. 

Of the three types of diagenesis, the thi~d is most damaging 

to an assessment of original detrital modes of sandstones encountered 

in this study. Clay replacement and cementation is most extensive in 

the upper part of the Mesaverde section and appears to be closely 

associated with bleached sandstones below the sub-North Horn unconfor

mity. Replacement of carbonate grains was noticed only in the 
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thin Joes Valley section, where the replacement is evidenced by chalky 

light gray fossiliferous pebbles in the Castlegate Sandstone, fossil 

ghosts in argillaceous grains visible in thin section, and a high 

percentage of indeterminate lithic grain types in the Price River 

Formation at the apparent expense of detrital carbonate. Petrographic 

textural evidence for replacement of plagioclase by kaolinite is most 

common in sandstone of the Tuscher Formation, and consists of incip

ient replacement textures, tabular pseudomorphs of kaolinite after 

plagioclase, and abundant grain-sized kaolinite zones. Similar 

evidence for replacement of plagioclase has been noted in the upper

most part of the Cretaceous section by Hansley and Johnson (1980) in 

the Piceance Creek Basin and by Keighin and Fouch (1981) in the Uinta 

Basin. Where tabular shapes are preserved, kaolinite grains were 

counted as plagioclase. Rarely, clay-rich grains with relict 1athwork 

textures were observed, suggesting clay replacement of volcanic lithic 

fragments. 

Compositional Trends. The change from quartzose petrofacies 

of the lower part of the Mesaverde Group to the lithic petrofacies of 

the upper part is very abrupt (Chapter 3). It occurs above a pebbly 

coarse-grained sandstone horizon in Price Canyon and above the Blue

castle Tongue of the Castlegate Sandstone, which contains sparse 

pebbles, east of the San Rafael SWell. However, the lithic shift 

appears to be compositionally different in the subsuites defined by 

samples from the Price River Formation on the one hand, and the Farrer 

and Tuscher Formations on the other (Fig. 48). While both subsuites 



contain a volcanic lithic component, Farrer and Tuscher sandstones 

tend to carry more volcanic lithic detritus and mica. Price River 

sandstones are richer in sedimentary rock fragments. 
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Compositional trends also occur within western and eastern 

subsuites of the lithic petrofacies. Quartz content is highly 

variable in sandstone of the Price River Formation. The percentage of 

quartz varies along a mean L/(L+F) ratio of 0.80 (Fig. 46), with more 

quartzose lithologies occurring in the upper 90 m of the section. 

Within Farrer and Tuscher strata the percentage of volcanic lithic 

fragments appears to vary along a mean Qp/(Qp+Ls) ratio of 0.52 (Fig. 

48). Grains of volcanic origin are most common in Farrer and lower 

Tuscher sandstones, and become less frequent upsection. 

Discussion 

Indi anol a Group 

Compositional variations in Indianola clastics may be attri

buted to grain size variations, proximal versus distal depositional 

environments, and evolution and unroofing of the source terrane. 

Feldspar content appears to be related to average grain size 

of Indianola sandstones (Fig. 44). In nearly all samples from Chicken 

CreeK, feldspar grains measured 0.2 mm or less across, and are re

stricted to fin~-grained laminae in the samples. Although not all 

sampled marine units of the Indianola section at Sixmi1e Canyon 

contain measurable feldspar (Fig. 44), all but one of those with 

feldspar have an average grain size of 0.1 mm or less. The general 
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restriction of feldspathic sandstone to marine facies resulted from 

environmental control of grain size relationships similar to those 

documented by Odum (1975) for cratonal Cambrian arenites. Marine 

depositional environments may thus be confidently inferred for 

Indianola strata with sandstones containing 5 to 10 percent feldspar. 

The disappearance of carbonate detritus from alluvial-fan 

deposits near the top of the Chicken Creek section contrasts wfth the 

persistence of carbonate grains through the middle member of the type 

Sixmi1e Canyon Formation and illustrates local compositional control 

by proximity of depositional environment to a specific source ter

ran~. The more distal strata of the type Sixmi1e Canyon Formation 

presumably contain detritus derived from a larger, lithologically 

heterogeneous drainage area. Jefferson (1982) postulated downstream 

mixing of clast types from different source areas to explain a lack of 

compositional trends in Indfanola conglomerates of the Cedar Hills. A 

comparison of maximum clast size and lithologic modal frequency there 

failed to show a significant trend, and suggests that some proximal 

fan deposits also were derived from lithologically heterogeneous 

source areas. 

Structural evolution and unroofing of the source terrane in 

the thrust belt probably account for the overall increase of quartz 

and decrease of carbonate plus chert upsection at Chicken Creek and 

Sixmi1e Canyon. Influx of carbonate and chert from uplifted Paleozoic 

carbonates apparently waned through time and resulted in the appea

rance of increasing amounts of quartzite from indeterminate 
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sources. The overall increase in quartzite, however, is accompanied 

by a parallel increase in pink and purple quartzite clasts from the 

Mutual Fonmation nearby in the Canyon Range (Christie-Blick, 1982; 

Sprinkel and Baer, 1982). This circumstance suggests that much of the 

other quartzite was derived from lower Paleozoic to Precambrian 

sources (Armstrong, 1968a) after most upper Paleozoic carbonate cover 

had been stripped from the thrust belt. The results presented here 

partly contradict Armstrong's (1968a) assertion that clast types from 

progressively older units appear sequentially in the conglomeratic 

section of central Utah. Instead, all clast types are mingled in the 

oldest Indianola conglomerates, although the upsection trend of 

increasing quartzite and decreasing carbonate plus chert is in the 

sense proposed by Armstrong (1968a). 

The presence of an inverted clast and sandstone stratigraphy 

in the Gunnison Plateau and the eastern Wasatch Plateau contrasts with 

the lack of a similar trend to the north in the Cedar Hills 

(Jefferson, 1982). In addition to clast mixing, Jefferson (1982) 

proposed derivation of conglomerates from a structurally complex 

source area. An important contrast in the source areas lying west of 

the northern and sourthern conglomerate localities is the presence of 

a thick Oquirrh basin section in the north but not in the south. The 

presence of thick quartzite sequences in the upper Paleozoic Oquirrh 

Formation and younger rocks (Baker, 1947) introduces lithologic 

complexity high in the pre-Mesozoic section of the northern source 
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terrane, and probably explains the lack of clear compositional trends 

in the Indianola of the Cedar Hills. 

Mesaverde Group 

The distinction made between quartzose and lithic petrofacies 

within the Mesaverde Group is based upon the shift to lithic-rich, 

feldspar-bearing strata above a pebbly quartzarenite, the Bluecast1e 

Tongue of the Cast1egate Sandstone. However, the lithic populations 

are different west and east of the San Rafael Swell, with eastern 

sandstones carrying a volcanic lithic component not matched by sand

stones of the Price River Formation, which is dominated instead by 

sedimentary rock fragments. 

Fouch et al. (1983) have attributed the quartzose compositions 

to recycling of previously deposited Cretaceous units (Indianola 

Group) as the westernmost margin of the basin was uplifted in the 

thrust terrane. In this scenario, stripping of the Cretaceous units 

would eventually have exposed feldspathic Jurassic strata and upper 

Paleozoic to lower Mesozoic carbonate units, to yield the constant 

ratio of lithic to feldspathic components observed in the Price River 

Formation (Fig. 46). A similar trend toward the Qm pole in lithic 

sandstones of the Black Warrior and Ouachita basins has been explained 

as a combination of Qm added from outside sources and variable compo

sitional maturity of the sandstones (Graham et a1., 1976). Both 

processes may have operated in the Utah foreland, but the substantial 

transport required to alter modal compositions (Pollack, 1961) 
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suggests that mixing of quartz-rich and lithic-rich tributary streams 

adjacent to the thrust belt may have been the dominant process. 

The shift to lithic compositions in eastern localities is 

similarly abrupt, but may have had a different cause. The compo

sitional trend toward the Lv pole in Farrer and Tuscher strata (Fig. 

48) suggests either: 1) selective disappearance of volcanic lithic 

fragments during transport of an originally volcanic-rich clastic 

suite derived from a source outside the thrust belt, or 2) dilution of 

a volcaniclastic detrital suite by addition of Ls and Qp components. 

In either case, it is clear that Price River fluvial systems did not 

cont.ri bute the observed Lv component. 

Paleogeographic characteristics of the basin which influenced 

petrographic trends in Mesaverde Group sandstones were discussed in 

Chapter 4. 

Conclusions 

Sandstone compositions in the foreland basin of central Utah 

reflect changing styles and loci of deformation in Late Cretaceous 

time. Litharenites dominated by argillite, detrital carbonate, and 

chert grains confirm hypotheses of a source terrane dominated by 

sedimentary strata in the thrust belt. The combination of detrital 

carbonate and chert grains with textural evidence for replacement of 

original carbonate material supports the inference that the clastic 

wedge of the foreland basin was derived from shallow water sedimentary 

rocks of the Paleozoic miogeoclinal prism. The detrital carbonate 

component is an important constituent of many samples and clearly 
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influences petrographic trends in Indianola rocks. Unless extensive 

diagenetic effects necessitate rejection of data on carbonate grains, 

the data should be included in general petrographic tabulations, in 

contrast to the practice of Dickinson and Suzcek (1979). 

The quartzose lithologies of the upper Indianola Group of this 

study suggest increased exposure of clastic Precambrian units west of 

the Sanpete Valley and Gunnison Plateau in Campanian time. Time

equivalent quartzose compositions within the Mesaverde Group exposed 

in Price Canyon and east of the San Rafael Swell probably reflect the 

Precambrian source terrane as well. Quartz m~ have also been contri

buted by recycling of Indianola clasts as they were uplifted during 

ramping of the Charleston-Nebo thrust. Clast data and limited sand

stone petrography indicate that northern Indianola sections lack a 

shift to quartzose lithologies (Jefferson, 1982). The lithic-rich 

nature of the upper Indianola may be reflected in Price Canyon by a 

return to lithic sandstone compositions in the Price River Formation. 

Thus, the quartzose petrofacies of the upper Mesaverde Group probably 

records initial uplift and recycling of fcralu;.d basin sediments as 

well as exposure of Precambrian clastics in the thrust belt. More

over, erosion of much of the Cretaceous section exposed older, litho

logically more heterogeneous strata which resulted in more lithic 

compositions near the top of the section. 

Sandstones of the upper part of the Mesaverde section east of 

the San Rafael Swell were derived from both volcanic arc and thrust 

belt sources, and deposited by an integrated river system with 
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headwaters as far away as southwestern Arizona and central Nevada. 

The more distant sources are not represented in samples of youngest 

preserved Tuscher sandstones. The more quartzose, pebbly sandstones 

of the uppermost part of the Tuscher Formation provide one line of 

evidence for onset of basement-cored uplifts on the Colorado Plateau 

by latest Campanian time. 



CHAPTER 6 

TECTONIC SUMMARY 

Upper Cretaceous depositional facies and sandstone compositions, 

together with the structural geology of the western basin margin, indi

cate a history of foreland basin subsidence and sedimentation in response 

to active tectonism in the thrust belt. Termination of foreland basin 

development occurred when crustal shortening and uplift migrated eastward 

into the basin. Observed sedimentologic and petrographic trends in basin 

clastics reflect the genetic tie between deformed belt and basin. 

The Indianola Group defines the preserved western margin of the 

basin, although much of its original western extent has been eroded. The 

progradational coarsening-upward character of the Indianola section 

reflects secular eastward migration of deformation and uplift. Thrust 

loading of the lithosphere allowed marine incursion toward the thrust 

belt; however, earliest Indianola rocks were deposited by braided 

streams. In fact, basin tectonics, including initial uplift and erosion 

of the thrust belt and concomitant lithospheric downf1exure, were esta

blished well before marine conditions prevailed. The disconformable 

basal contact of the Indianola Group and the eastward continuity of 

facies indicate that detritus was shed eastward accross an undeformed 

foreland well ahead of the thrust front. 
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The Indianola Group ranges in age from Albian through late 

Campanian. The lower marine sequences of the Sanpete Formation, Allen 

Valley Shale, and Funk Valley Formation grade eastward into the Mancos 

Shale. The Sixmi1e Car~on Formation is equivalent to the upper part of 

the Mancos Shale and the Mesaverde Group in the Wasatch Plateau and Book 

Cliffs. Biostratigraphy and compositional trends link the proximal and 

distal sequences from west to east. 

As proposed by Armstrong (1968a), progressive unroofing of the 

source terrane may be interpreted from compositional trends in the 

clastic wedge. Limeclast-rich sandstones and conglomerates of lower 

Indianola sections in the Sanpete Valley and Gunnison Plateau yield to 

quartz-rich compositons within the Sixmile Canyon Formation. The grada

tional change in clast composition reflects stripping of upper Paleozoic 

carbonates and exposure of lower Paleozoic and Precambrian clastic 

successions. However, to the north, the Pennsylvanian Oquirrh Formation 

provided quartzose detritus during early Indianola depostion (Jefferson, 

1982) and damped the secular petrographic trends seen to the south. 

Progressive uplift and erosion of older stratigraphic units was a 

consequence of the typical thin-skinned style of deformation, charac

terized by ramp-style detachments, in the Utah thrust belt. Although 

plates of a particular rock type thus dominated the source area at 

certain times, all rock types were always present and provided a hetero

geneous petrologic background to the dominant clast and grain types. 

Monomict proximai fans were deposited by braided streams which tapped 

limited geographic areas containing source rocks of uniform lithology. 
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The ramp detachments yield eastward to a frontal region of 

blind-thrusted folds characterized by a lack of stratigraphic repetition 

near the surface. This transition in structural style near the basin 

margin may explain both compositional trends in upper Indianola and 

Mesaverde Group sandstones, and changing subsidence rates within the 

basin. 

Observed quartzose compositions within upper Indianola sandstones 

and the quartzose petrofacies of the Mesaverde Group may have been 

derived from both unroofed Precambrian~ clastics and uplifted older 

foreland basin strata involved in the frontal folds. It is proposed that 

late uplift above easternmost ramps may have accompanied buckling of the 

the basin margin above blind thrusts. For a brief time during the middle 

Campanian, the provenance was extremely quartz-rich. Subsequent further 

unroofing yielded the overlying lithic petrofacies of the type Price 

River Formation. The variation in structural style also helps explain 

the lack of cyclic inverted stratigraphies, or lithic-quartzose cycles 

that might result from repeated duplication and uplift of the miogeo

clinal section. 

Concomitant with the mid-Campanian quartz influx, subsidence 

rates in the basin decreased (Fig. 49). Although shortening continued in 

the thrust belt, it was not accompanied by structural repetition of the 

sedimentary section. Consequently, lithospheric loading slowed and 

resulted in a decline in subsidence rate. The frontal blind thrust 

propagated eastward into a wedge-shaped basin. Sedimentary sections show 

that the basin thickens continous1y to its preserved truncated margin; it 
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Figure 49. Middle Jurassic through latest Cretaceous subsidence 
history for central Utah area in vicinity of Price Canyon and eastern 
Wasatch Plateau. Tectonic subsidence curve represents subsidence 
after effects of sediment loading and compaction are removed. 
Straight-line segments are separated by fossil data points or 
unconformities. The foreland basin episode is marked by the period of 
rapid subsidence. Timing of tectonic events inferred from patterns of 
deposition and petrographic compositional trends discussed in text. 
Names of tectonic elements from Armstrong (1968a, Plate 1). Data 
sources: Imlay, 1967; Stokes, 1972; Lanphere and Jones, 1978; Fouch 
et al., 1983. 
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is not spoon-shaped in cross section as depicted by Spieker (1946) and 

Armstrong (1968a). The progressive increase in westward deflection of 

older units is predicted by the flexural equation of Hetenyi (1946) for 

loading of an infinite elastic plate when a lithospheric strength of 

10E23 is used (Jordan, 1981; Lawton and Mayer, 1982). The elegant fit 

between the model and the general basin form lend support to lithospheric 

thrust loading as a mechanism for basin formation. Thus, as in the case 

of the Wyoming thrust belt where the foreland basin persisted for a 

longer period of time (Anmstrong and Oriel, 1965), the duration of thrust 

faulting may be inferred to correlate with the duration of basin 

subs i dence. 

Sandstone compositions, basin and thrust belt geometry, and 

stratigraphic control support the inference that thrust faulting was 

restricted to late Early Cretaceous and Late Cretaceous time in central 

Utah. Thrusting began in Albian time and was complete by Maastrichtian 

or Early Paleocene time. By late Campanian time the basin was disrupted 

by basement uplifts, and depositional patterns were affected by tectonic 

processes in the foreland concomitant with late deformation in the thrust 

bel t. 

Tectoni c events r,;corded by the Indi ano'! a and Mesaverde Groups 

are shown adjacent to the subsidence curve in Figure 49. Names for 

individual thrust sheets are taken from Plate 1 of Armstrong (1968a) and 

this report. Resolution is most confident for younger events; evidence 

for older ones is more uncertain. 
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The eastern thrust front and foreland basin strata are overlain 

unconformably by a lithologically diverse overlap assemblage. Overlap 

clastics are referred to as the North Horn Formation, whereas the term 

Price River Formation is restricted here to synorogenic upper Cretaceous 

rOCKS. The basal overlap sequence ranges in age from Maastrichtian to 

Late Paleocene. Maastrichtian rocks are not actually observed to rest 

directly on folded strata, but the preferred interpretation here is that 

the progressive on1ap climbed relict topography during slow filling of a 

residual structural depression east of the thrust belt. The result was a 

long period of onlap that began in Maastrichtian time and was complete by 

Late Paleocene time. Thrusting is thus inferred here to have been 

complete by Maastrichtian time. 



APPENDIX A 

CONGLOMERATE CLAST DATA, CHICKEN CREEK, GUNNISON PLATEAU 

Conglomerate data used in calculating the parameters of Figure 

43 are presented in Appendix A. Conglomerate counts occur in strati

graphic order, with the second column referring to height in meters 

above the base of the Indianola section as shown in Figure 43. The 

base was selected above the disapperance of significant feldspar from 

the sandstone fraction as determined from thin section examination. 

Clast size in centimeters is listed for maximum and approxi

mate average long-axis measurements. Clast types are listed as per

centages of the total count (n). Grain parameters are as listed in 

Table 2 (Chapter 5). 
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Count Meter 
Number 

16 1955 
15 1745 
14 1510 
13 1390 

11 1330 
19 1115 
10 1115 
18 1055 

17 1010 

12 815 

9 740 

8 465 
7 345 

5 260 
4 105 

6 40 
3 
2 

1 

Conglomerate Clast Data, Chicken Creek Gunnison Plateau 

Ca 
Clast Size (em) Limestone Whfte Other Clastfc 
Max Av Qzr Qzo Dolomfte Ch Quartz Sandstone Siltstone 

40 3-4 12.1 79.6 0 0 1.5 0 6.8 0 
15 1.5-2 8.6 70.7 0 0 7.7 0.3 11.9 0.8 
30 4-6 10.6 72.1 0 0 5.0 0 10.6 1.8 

100 2.4-4 12.3 72.2 0 0 1.4 0 11.6 2.5 

15 2-3 5.2 37.2 33.6 3.3 8.8 a 10.0 1.8 
10 1 12.6 43.5 21.4 12.2 0.7 0 2.2 7.4 
10 1.5-2 9.5 53.1 18.7 8.2 3.9 0 6.2 0.3 

5 1 0 5.4 0.5 '39.7 0.9 0 3.6 a 
10 1.5-3 4.7 20.4 60.4 10.2 1.8 a 1.8 0.7 

10 0.8-1.0 0.3 19.9 43.4 8.3 16.2 a 1.8 10.1 

26 8 5.1 66.7 0 1.1 3.7 0 11.4 11.7 

45 5 .17 16.4 32.8 45.6 2.6 0 0.6 0.3 
60 5 1.2 7.6 23.9 62.4 2.3 0.3 1.8 0.6 

60 2.5-4 1.7 5.4 18.6 72.3 1.0 0 1.0 0 

27 n.d. 3.9 18.9 12.8 60.2 0.9 0 1.6 1.6 

12 n.d. 4.8 3.3 2.7 86.9 2.1 0 0.3 0 

15 n.d. 3.0 51. 2 35.6 2.6 1.7 0.3 5.6 0 

n.d. n.d. 2.4 37.3 39.7 15.5 .2.1 2.1 0.9 0 

25 n.d. 0.3 41.3 41. 7 9.7 1.3 4.0 1.3 0 

Other 

0 

0 
0 
a 
a 
0 
0 

0 

0 

0 
0.3 
0 
0 
0 
0 
0 
0 

0 

0.3 

n 

264 
362 
283 
277 
330 
271 
305 
223 
275 

327 

351 
353 
343 
296 
312 
335 
303 
330 

300 

--' ...... 
(X) 



APPENDIX B 

SANDSTONE MODAL DATA FOR INDIANOLA GROUP MESAVERDE 
GROUP, AND NORTH HORN FORMATION 

Appendix B is a listing of sandstone compositional data by 

formation for the Indianola and Mesaverde Groups and the North Horn 

Formation. The indicated sections refer to locations of stratigraphic 

sections depicted in Figure 4 for the Indianola Group and Figure 5 for 

the Mesaverde Group and North Horn Formation. The following abbrevia

tions apply to the location names: Chicken, Chicken Creek; Sixmile, 

Sixmile Canyon; Price, Price Canyon; AEP: American Electric Power Co. 

well MC172, ne 1/4 sec 29, T.12S., R.9E., Kyune, Utah 7.5' quadrangle, 

Price Canyon; Range, Range Creek; Green, Green River Canyon. Meter 

indicates stratigraphic position in meters above the base of the 

Indianola section or above the base of the Castlegate Sandstone for 

the Mesaverde Group. The modal counts category refers to the number 

of framework grains counted for a given sample. 

Above the single line, all modal data are presented as percent 

of framework grains. Cement plus matrix, intraformational grains, and 

mica are calculated as percentages of total counts performed. Sand

stone grain parameters are defined in Table 3 (Chapter 4). QtFL and 

QmFLt combinations constitute normalized parameters. 

179 



180 
Grain types listed below the plagioclase (P) line are 

subdivisions of the other categories and do not sum to 100. Detrital 

carbonate is included in Ls, and Chert and Other Qp combine to form 

Qp. As defined in Table 3, Lt = Qp+Ls+Lv. 
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Indianola Group, undifferentiated 

Sample # UTB1TL89 UT81TL90 UT81TL94 UTB1TL95 UT81TL~~ 

Location Chicken Chicken Chicken Chicken Chicken 

Meter 65 530 970 1000 1115 

Modal Counts 406 408 430 440 402 

Qt 52.5 62.0 93.0 90.9 48.3 
F 0.3 0 0.7 0.7 0.3 
L 47.3 38.0 6.3 8.4 51.5 

Qm 49.5 55.6 91.2 89.1 45.3 
Lt 50.3 44.4 8.2 10.2 54.4 

K 0.3 0 0.5 0.5 0.3 
p 0 0 0.2 0.2 0 

Qp 3.0 6.4 1.9 1.8 1.2 
Ls 47.3 38.0 6.3 B.2 8.2 
Lv 0 0 0 0 0 

Chert 2.5 4.4 0.7 0 1.7 

Aggregate Q 0.5 2.0 1.2 1.8 0.7 

Other Li thi c 0 0 0 0.2 0 

Total Counts 519 512 540 527 505 

Cement & Matrix 20.8 20.5 2.6 7.2 20.0 

Intraform. 
Grains 0 0 0 0 0 



Sampl e # 

Location 

Meter 

Modal Counts 

Qt 
F 

L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li thi c 

Total 

Cement & Matrix 

Intraform. 
Grains 

Indianola Group, undifferentiated 

UT81TL92A 

Chicken 

1250 

413 

67.3 
0 

32.7 

65.1 
34.9 

0 
0 

2.2 
32.7 
0 

1.5 

0.7 

31.5 

0 

562 

18.5 

o 

UT81TL97 

Chicken 

1545 

415 

96.4 
0 
3.6 

92.3 
7.7 

0 
0 

4.1 
3.6 
0 

2.2 

1.9 

0 

0 

649 

0.3 

o 

UT81TL93 

Chicken 

1605 

458 

87.3 
0.7 

12.0 

83.8 
15.5 

0.7 
0 

3.5 
12.0 
0 

2.4 

1 • 1 

0 

0 

566 

7.1 

o 
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Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 

L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate 

Detrital C03 

Other Li th i c 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

UT81TL98 

Si xmi1 e 

100 

426 

76.1 
3.5 

20.5 

75.8 
20.7 

3.5 
0 

0.2 
20.5 
0 

0 

0.2 

20.0 

0 

551 

18.6 

o 

Sanpete Formation 

UT81TL98A 

Si xmi1 e 

90 

343 

66.5 
0.9 

32.7 

66.2 
33.0 

0.9 
0 

0.3 
32.4 
0.3 

0 

0.2 

32.1 

0 

450 

15.6 

o 

UT81TL99 

Si xmil e 

180 

496 

69.8 
1.4 

28.9 

68.4 
30.3 

1.4 
0 

1.4 
28.9 
0 

0.8 

0.6 

19.0 

0 

642 

22.6 

o 

UT81TLl00 

Si xmil e 

190 

486 

93.0 
4.5 
2.5 

89.5 
6.1 

4.1 
0.4 

3.6 
2.5 
0 

1.9 

1.7 

0 

0 

615 

2.6 

o 

183 

UT81 TL 101 

Si xmil e 

250 

460 

80.0 
3.7 

16.3 

77 .8 
18.5 

3.7 
0 

2.2 
16.3 
0 

1 .1 

1.1 

16.3 

0 

611 

22.1 

o 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Lithic 

Tota 1 Counts 

Cement & Matrix 

Intraform. 
Grains 

lB4 
Funk Valley Formation 

UTB1TL105 UTB1TL106 UTB1TL107 UTB1TL116 UTB1TLl17 

Sixmil e 

530 

412 

47.6 
0 

52.4 

46.8 
53.2 

0 
0 

0.7 
52.4 
0 

0 

0.7 

52.4 

n.d. 

511 

16.5 

3.2 

Si xmil e 

592 

459 

75.2 
0 

24.B 

74.1 
25.9 

0 
0 

1.1 
24.B 
0 

0 

1.1 

24.B 

n.d. 

54B 

B.O 

o 

Sixmile 

625 

442 

69.2 
0 

30.7 

6B.1 
31.9 

0 
0 

1.2 
30.7 
0 

0.5 

0.7 

29.6 

n.d. 

540 

B.5 

2.5 

Sixmil e 

BOO 

407 

6B.l 
9.6 

22.4 

67.3 
23.2 

9.6 
0 

0.7 
22.4 
0 

0 

0.7 

22.4 

n.d. 

509 

19.2 

o 

Si xmil e 

710 

429 

74.1 
0 

25.9 

72.3 
27.7 

0 
0 

1.9 
25.9 
0 

0.7 

1.2 

25.9 

n.d. 

604 

2.2 

o 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li thi c 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

185 
Funk Valley Formation 

UTS1TLl19 UT81TL120 UTS1TL121 UTS1TL122 UTS1TL123 

Sixmil e 

990 

419 

7S.5 
5.2 

16.2 

76.8 
17 .9 

5.3 
0 

1.7 
16.2 
0 

0.5 

1.2 

16.2 

0 

523 

16.4 

o 

Sixmile 

10S0 

476 

72.5 
6.1 

21.2 

68.7 
25.2 

6.1 
a 

4.0 
21.2 
a 

0.6 

3.4 

21.2 

0 

618 

20.2 

a 

Sixmile 

1270 

456 

82.2 
6.9 

11.0 

7S.3 
15.0 

6.6 
0.3 

4.0 
11.0 
a 

2.2 

loS 

9.2 

0 

629 

12.4 

3.7 

Sixmile 

1340 

453 

74.4 
6.0 

19.7 

67.6 
26.6 

6.0 
a 

6.9 
19.3 
a 

2.9 

4.0 

17.7 

0 

579 

17.2 

2.9 

Sixmil e 

1370 

402 

71.2 
0.5 

2S.4 

70.2 
29.4 

0.5 
0 

0 

2S.4 
0 

0 

1.0 

27.9 

0 

512 

6.4 

o 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detri ta 1 C03 

Other Lithic 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

186 
Sixmile Canyon Formation 

UT81TL124 UT81TL125 UT81TL126 UT81TL127 UT81TL129 

Sixmile 

1420 

455 

62.9 
0 

37.1 

58.5 
41.5 

0 
0 

4.4 
37.1 
0 

0.4 

4.0 

36.9 

0 

573 

2.8 

o 

Si xmil e 

1950 

407 

78.9 
0.2 

20.8 

78.6 
21.0 

0.2 
0 

0.2 
20.6 
0 

0.2 

0 

20.4 

0 

529 

5.7 

o 

Sixmile 

1630 

406 

79.1 
0.3 

20.7 

79.1 
20.7 

0.3 
0 

0 

1.2 
0 

0 

0 

19.5 

0 

523 

0.2 

o 

Sixmi1e 

1970 

432 

90.7 
0.2 
9.0 

81.9 
17 .8 

0.2 
0 

8.8 
9.0 
0 

8.3 

0.5 

9.0 

0 

569 

11.3 

o 

Sixmi1e 

2425 

384 

59.4 
0.3 

40.4 

58.6 
41.2 

0.3 
0 

0.8 
40.4 
0 

0.8 

0 

39.6 

0 

502 

14.3 

o 



Samp1 e # 

Location 

Meter 

Modal Counts 

Qt 
F 

L 

Qm 
Lt 

K 

PO 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detri ta 1 C03 

Other Lithic 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

187 
Sixmi1e Canyon Formation 

UT81TL130 UT81TL131 UT81TL132 UT81TL133 UT81TL134 

Sixmi1e 

2480 

411 

97.1 
0 
2.9 

88.8 
11.2 

0 
0 

8.3 
2.9 
0 

8.3 

0 

0 

0 

528 

2.5 

o 

Sixmi1e 

2560 

409 

96.3 
0 
3.7 

82.6 
17 .3 

0 
0 

13.6 
3.7 
0 

13.4 

0.2 

a 

a 

502 

0.8 

a 

Sixmi1e 

2675 

405 

99.8 
0 
0.2 

96.3 
3.7 

0 
0 

3.5 
0.2 
0 

3.5 

a 

a 

0 

501 

2.4 

a 

Sixmile 

2740 

407 

99.8 
0 
0.3 

98.3 
1.8 

0 
0 

1.5 
0.3 
0 

0.5 

1.0 

a 

a 

513 

0.4 

a 

Sixmi1 e 

416 

99.1 
0 
1.0 

95.0 
5.0 

0 
0 

0 

1.0 
0 

4.0 

a 

a 

a 

500 

1.0 

a 
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Castlegate Sandstone 

Sample # UT81TL41 UT81TL42 UT81TL43 UT81TL45 UT81TL47 

Location Price Price Price Price Price 

Meter 18 134 156 163 176 

Modal Counts 402 403 395 405 406 

Qt 97.3 93.8 53.5 99.2 97.5 
F 1.7 3.5 0 0 0 
L 1.0 2.7 46.6 0.8 2.5 

Qm 92.0 92.8 53.2 92.8 91.1 
Lt 6.2 3.7 46.9 7.2 8.9 

K 1.7 3.5 0 0 0 
P 0 0 0 0 0 

Qp 5.2 1.0 0.3 6.4 6.4 
Ls 1.0 2.7 46.6 0.5 2.5 
Lv 0 0 0 0 0 

Chert 3.0 0 0 5.2 4.4 

Aggregate Qp 2.2 1.0 0.3 1.2 2.0 

Detrital C03 0 2.0 46.3 0 1.0 

Other Li thi c 0 0 0 0.3 0 

Total Counts 470 507 564 457 490 

Cement & Matrix 0.9 8.5 27.1 0.2 1.4 

Intraform. 
Grains 0.2 0 0 0 0 



189 
Cast1egate Sandstone 

Sample # AEP-16 U79WK133 U79WK129 U79WK125 UT81TL136 

Location Price Price Price Price Joes 

Meter 90 131 150 161 n.a. 

Modal Counts 418 416 451 468 466 

Qt 96.7 93.7 88.3 88.7 97.0 
F 2.2 1.0 0.2 0 0 
L 1.0 5.3 11.5 11.3 3.0 

Qm 95.5 88.7 82.0 76.7 91.2 
Lt 2.2 10.3 17 .7 23.3 8.8 

K 2.0 1.0 0.2 0 0 
P 0 0 0 0 0 

Qp 1.2 5.0 6.2 12.0 5.8 
Ls 1.0 5.3 10.8 11 .1 3.0 
Lv 0.2 0 0 0 0 

Chert 0.2 2.6 2.2 7.3 4.3 

Aggregate Q 1.0 2.4 4.0 4.7 1.5 

Detrital C03 0.5 2.2 9.5 6.6 2.6 

Other Lithic 0 0 0.7 0.2 0 

Total Counts 487 511 591 592 614 

Cement & Matrix 8.6 10.8 7.9 9.3 2.3 

Intrafonn. 
Grains 0 o 0 0.8 0 



190 
Cast1egate Sandstone 

Sample # Gr-78-10 Gr-78-11 

Location Green Green 

Meter n.a. n.a. 

Modal Counts 182 490 

Qt 86.8 79.6 
F 0 2.2 
Lt 13.2 18.1 

Qm 86.8 79.6 
Lt 13.2 21.6 

K 0 1.6 
P 0 0.6 

Qp 0 3.5 
Ls 12.6 7.1 
Lv 0 2.2 

Chert 0 3.5 

Aggregate Q 0 0 

Detrital C03 12.6 8.4 

Other Lithic 0.6 0.4 

Total Counts 201 550 

Cement & Matrix 2.5 6.7 

Intraform. 
Grains 0 0 



191 
Nes1en Formation 

Sample # NF-24 

Location Green 

Meter 117 

Modal Counts 461 

Qt 77.0 
F 5.0 
L 18.1 

Qm 66.8 

Lt 23.3 

K 3.0 
p 2.0 

Qp 10.2 
Ls 10.0 
Lv 2.0 

Chert 4.1 

Aggregate Q 6.1 

Detrital C03 3.9 

Other Lithic 6.1 

Total Counts 

Cement & Matrix 1.5 

Intraform. 
Grains 0 



B1uecast1e Tongue of Cast1egate Sandstone 

Sample # UT81TL64 UT81TL65 NF-31 

Location Range Range Green 

Meter 13 40 199 

Modal Counts 427 424 450 

Qt 99.3 92.5 93.2 
F 0.2 0.2 0.9 
L 0.5 7.3 6.0 

Qm 96.5 89.9 78.9 
Lt 3.3 9.9 20.3 

K a 0 n.d. 
p 0.2 0.2 n.d. 

Qp 2.8 2.6 14.3 
Ls 0.5 7.3 6.0 
Lv a 0 a 

Chert a 0.5 10.7 

Aggregate Q 2.8 2.1 3.6 

Detrital C03 a 7.1 3.3 

Other Li thi c a 0 a 

Total Counts 520 540 638 

Cement & Matrix 1.9 5.2 23.1 

Intraform. 
Grains a 0 a 

NF-32 

Green 

203 

424 

100.0 
a 
a 

96.9 
3.1 

a 
a 

3.1 
a 
a 

1.9 

1.2 

a 

a 

612 

8.2 

a 

192 

NF-33 

Green 

208 

453 

91.6 
2.0 
6.4 

87.9 
10.2 

0.2 
1.8 

3.8 
6.4 
a 

1.1 

2.7 

5.7 

0 

565 

3.4 

o 



B1uecast1e Tongue of Cast1egate Sandstone 

Sample # NF-34 

Location Green 

Meter 224 

Modal Counts 420 

Qt 99.5 
F 0 

L 0.4 

Qm 97.4 
Lt 2.5 

K 0 
p 0 

Qp 2.1 

Ls 0.2 

Lv 0 

Chert 0.7 

Aggregate Q 1.4 

Detrital C03 a 
Other Lithic 0.2 

Total Counts 606 

Cement & Matrix 3.0 

Intraform. 
Grains 0 

NF-35 

Green 

232 

422 

98.6 
1.0 
0.4 

96.2 
2.8 

0.5 
0.5 

2.4 
0.2 
0 

0.5 

1.9 

o 

0.2 

611 

21.6 

o 

Gr-78-8 

Green 

n.a. 

167 

100.0 
0 
0 

98.2 
1.8 

0 
0 

1.8 
0 

0 

1.2 

0.6 

o 

o 

200 

1.0 

o 

193 



194 
Price River Formation 

Sample # UTB1TL48 UT81TL49 UT81TL50 UTB1TL51 UT81TL52 

Location Price Price Price Price Joes 

Meter 192 211 254 285 352 

Modal Counts 459 504 466 422 480 

Qt 78.4 55.4 68.2 93.6 70.2 
F 4.3 7.6 6.0 1.9 9.2 
L 17.3 37.2 25.7 4.5 20.6 

Qm 69.5 43.5 60.3 87.2 60.0 
Lt 26.2 49.1 33.6 10.9 30.8 

K 4.1 5.4 5.4 1.9 7.1 
P 0.2 2.2 0.6 0 2.1 

Qp 8.9 11.9 7.9 6.4 10.2 
Ls 14.4 30.6 17.8 4.5 18.6 
Lv 0.7 3.6 3.4 0 1.0 

Chert 6.3 7.5 4.7 5.5 6.0 

Aggregate Q 2.6 4e4 3.2 0.9 4.2 

Detri tal C03 3.9 14.3 8.B 0 4.6 

Other Li thi c 2.2 3.0 4.5 0 1.0 

Total Counts 534 617 571 494 638 

Cement & Matri x B.8 14.6 8.4 0 23.2 

Intraform. 
Grains 0 0 0 0 0 

Mica 0 0.5 0 0 0.2 



195 
Price River Formation 

Sample # UT81TL54 UT81TL55 UT81TL57 AEP-13 U79WKl16 

Location Price Price Price AEP AEP 

Meter 285 367 375 187 193 

Modal Counts 414 419 399 496 554 

Qt 95.6 94.1 100.0 49.8 38.5 
F 1.2 1.7 0 11.5 13.2 
L 3.1 4.1 0 38.7 48.4 

Qm 89.1 86.9 92.2 36.3 26.4 
Lt 9.6 11.3 7.8 52.2 60.5 

K 1.0 1.7 0 10.9 12.5 

P 0.2 0 0 0.6 0.7 

Qp 6.5 7.2 7.8 13.5 12.1 

Ls 3.1 4.1 0 15.1 25.1 

Lv 0 0 0 15.3 17.0 

Chert 5.1 5.3 6.0 8.5 7.2 

Aggregate Q 1.4 1.9 1.8 5.0 4.9 

Detrital C03 0 0 0 5.0 7.2 

Other Lithic 0 0.2 0 8.3 0.2 

.- -i' .:,; ... " 

Total Counts 500 513 534 637 814 

Cement & Matrix 5.4 5.0 0.6 12.1 11.7 

Intraform. 
Grains a a a a a 

Mica a 0 a 2.0 4.2 



... 

Sampl e # 

Location 

Meter 

Modal Counts 

Qt 
F 

L 

Qm 
Lt 

K 
P 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li thi c 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

Mica 

Price River Formation 

U79WKlll 

AEP 

209 

519 

64.2 
7.9 

27.8 

62.0 
29.9 

6.7 
1.2 

2.1 
13.8 
7.3 

0.4 

1.7 

9.4 

6.7 

623 

13.3 

o 

0.3 

U79WK107 

AEP 

222 

492 

65.7 
4.7 

29.6 

60.2 
35.3 

4.3 
0.4 

5.7 
9.6 
3.3 

2.4 

3.3 

10.2 

6.5 

622 

13.8 

a 

0.5 

U79WK102 

AEP 

239 

560 

55.9 
9.7 

34.6 

46.3 
44.2 

9.3 
0.4 

9.6 
16.5 
10.4 

4.6 

5.0 

2.9 

7.7 

643 

10.7 

o 

0.5 

U79WK98 

AEP 

251 

518 

73.6 
5.6 

20.9 

64.7 
29.8 

5.4 
0.2 

8.9 
11.2 
3.7 

5.6 

3.3 

6.8 

6.0 

605 

7.9 

o 

0.2 

196 

U79WK88 

AEP 

280 

485 

87.8 
1.0 

11.1 

80.6 
18.3 

1.0 
0 

7.2 
10.9 
0.2 

3.7 

3.5 

a 
0.2 

618 

2.3 

a 

a 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
P 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Oetri tal C03 

Other Lithic 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

Mica 

Price River Formation 

U79WK79 

AEP 

301 

507 

89.2 
3.0 
7.9 

80.1 
16.9 

3.0 
0 

9.0 
7.7 
0 

4.3 

4.7 

0 

0.2 

614 

o 

o 

o 

U79WK76 

AEP 

317 

438 

99.3 
0 
0.7 

95.4 
4.6 

0 
0 

3.9 
0.7 
0 

1.4 

2.5 

0 

0 

586 

8.0 

o 

o 

U79WK75 

AEP 

319 

609 

70.9 
4.5 

24.7 

64.4 
31.3 

4.3 
0.2 

6.6 
24.3 
0.2 

1.0 

5.6 

0 

0.2 

737 

13.0 

o 

0.7 

U79WK71 

AEP 

339 

454 

88.1 
1.5 

10.3 

77 .1 
21.4 

1.1 
0.4 

11.0 
10.1 
0 

11.0 

0 

0 

0.2 

562 

2.7 

o 
o 

197 



Sampl e # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 

P 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li thi c 

Total Counts 

Cement & Matri x 

Intraform. 
Grains 

Mica 

Price River Formation 

UT81TL138 

Joes 

n.a. 

562 

71.9 
6.6 

21.5 

57.3 
36.1 

6.6 
0 

14.6 
8.7 
4.6 

10.7 

3.9 

0.4 

7.8 

688 

14.5 

o 
0.3 

UT8lTLl39 

Joes 

n.a. 

426 

75.2 
6.3 

18.5 

55.0 
38.7 

6.3 
0 

20.2 
7.9 
0.9 

11.8 

8.4 

a 

9.7 

710 

13.5 

o 

0.3 

198 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 

P 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrita 1 C03 

Other Lithic 

Total Counts 

Cement & Matri x 

Intraform. 
Grains 

Mica 

UT81TL66 

Range 

72 

469 

52.2 
25.3 
22.4 

31.3 
43.3 

11.9 
13.4 

20.9 
15.8 
3.2 

10.0 

10.9 

4.9 

3.4 

635 

14.5 

o 

1.7 

Farrer Formation 

UT81TL67 

Range 

149 

477 

60.4 
21.6 
18.1 

40.7 
37.8 

11.7 
9.9 

19.7 
11.2 
4.8 

13.8 

5.9 

1.3 

2.1 

601 

3.5 

o 

0.7 

UT81TL68 

Range 

197 

504 

54.8 
20.0 
25.2 

40.7 
39.3 

11.9 
8.1 

14.1 
14.3 
7.3 

8.5 

5.6 

2.8 

3.6 

647 

8.4 

0.2 

0.5 

UT81TL69 

Range 

238 

487 

61.2 
17.9 
21.0 

47.6 
34.5 

10.7 
7.2 

13.5 
17.1 
1.6 

8.2 

5.3 

7.2 

2.3 

666 

15.4 

0.5 

1.4 

199 

NF-40 

Green 

277 

465 

36.8 
15.9 
47.4 

27.3 
56.9 

6.9 
9.0 

9.5 
18.5 
26.5 

4.5 

5.0 

12.7 

2.4 

654 

14.8 

0.4 

0.3 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 

P 

Qp 
Ls 
Lv 

Chert 

Aggregate Qp 

Detrital C03 

Other Li thi c 

Total Counts 

Cement & Matrix 

Intraforrn. 
Grains 

Mica 

NF-42 

Green 

287 

478 

52.1 
18.3 
29.6 

39.1 
42.6 

10.3 
8.0 

13.0 
16.9 
9.8 

8.0 

5.0 

4.8 

2.9 

659 

16.2 

o 

1.8 

Farrer Formation 

UT81TL153 

Green 

308 

457 

42.2 
9.4 

48.4 

26.3 
64.4 

3.7 
5.7 

16.0 
18.1 
25.0 

9.4 

6.6 

6.1 

5.3 

553 

6.7 

o 

0.4 

NF-43 

Green 

333 

460 

43.4 
21.5 
35.1 

35.4 
43.1 

7.6 
13.9 

8.0 
5.7 

25.7 

3.0 

5.0 

0 

3.7 

588 

7.5 

o 

2.2 

NF-45 

Green 

345 

449 

54.6 
15.6 
29.9 

44.3 
40.1 

8.0 
7.6 

10.2 
17 .4 
10.9 

7.1 

3.1 

8.0 

1.6 

582 

11 .9 

o 

0.7 

200 

NF-46 

Green 

367 

510 

55.5 
14.9 
29.7 

39.6 

45.6 

8.6 
6.3 

15.9 
9.5 

18.2 

8.8 

7.1 

2.6 

2.0 

679 

4.0 

o 

0.3 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li thi c 

Tota 1 Counts 

Cement & Matrix 

Intrafonn. 
Grains 

Mica 

UT81TL70 

Range 

263 

524 

64.1 
13.7 
22.2 

44.9 
41.5 

8.4 
5.3 

19.3 
13.0 
6.7 

12.6 

6.7 

1.2 

2.5 

669 

2.2 

o 
o 

Tuscher Formation 

UT81TL71 

Range 

276 

519 

69.6 
10.8 
19.7 

53.0 
36.3 

6.6 
4.2 

16.6 
16.0 
2.9 

10.6 

6.0 

3.1 

0.8 

676 

5.4 

o 

o 

UT81TL73 

Range 

329 

439 

71.3 
11.4 
17.3 

55.4 
33.2 

9.8 
1.6 

15.9 
15.0 
0.5 

15.9 

0 

0 

1.8 

505 

7.9 

0.2 

o 

UT81TL75 

Range 

345 

463 

70.8 
16.0 
13.2 

54.2 
29.8 

14.3 
1.7 

16.6 
7.8 
0.2 

8.6 

8.0 

0 

5.2 

528 

11.0 

0.4 

o 

201 

NF-48 

Green 

434 

475 

58.7 
21.0 
20.2 

54.1 
24.8 

12.2 
8.8 

4.6 

11.4 
6.7 

2.7 

1.9 

0 

2.1 

602 

3.8 

o 

0.3 



Samp1 e # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
n ,.. 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Lithic 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

Mica 

Tuscher Formation 

UT81TL156 

Green 

594 

440 

96.1 
2.1 
1.8 

80.2 
17.7 

2.1 
0 

15.9 
0.9 
0.9 

12.7 

3.2 

0 

a 

596 

3.2 

o 
o 

UT81TL154 

Green 

460 

396 

52.3 
22.7 
25.1 

45.7 
31.7 

8.6 
14.1 

6.6 
16.2 
6.1 

6.6 

0 

8.1 

2.8 

545 

15.2 

a 

0.9 

NF-49 

Green 

467 

486 

61.1 
14.8 
24.0 

50.8 
34.3 

9.7 
5.1 

10.3 
9.0 

10.9 

4.1 

6.2 

1.2 

4.1 

623 

3.7 

a 
0.2 

NF-51 

Green 

483 

475 

62.5 
13.0 
24.5 

44.4 
42.6 

8.2 
4.8 

18.1 
11 .8 
11.6 

12.6 

5.5 

1.9 

1.1 

597 

5.2 

a 
o 

202 

UT81TL155 

Green 

546 

314 

51.6 
21.3 
27.2 

46.2 
32.6 

15.9 
5.4 

5.4 
6.1 

20.1 

5.4 

0 

0 

1.0 

421 

1.7 

a 

a 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 

L 

Qm 
Lt 

K 

P 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li thi c 

iotal Counts 

Cement & Matrix 

Intraform. 
Grains 

Mica 

NF-52 

Green 

562 

489 

58.9 
18.0 
23.1 

49.1 
32.9 

12.3 
5.7 

9.8 
10.0 
12.3 

4.3 

5.5 

0 

0.8 

604 

2.3 

o 

o 

Tuscher Formation 

NF-55 

Green 

580 

469 

64.2 
18.2 
17.7 

54.6 
27.3 

13.7 
4.5 

9.6 
7.9 
1 .7 

5.3 

4.3 

0 

8.1 

571 

8.1 

0.4 

o 

NF-53155 

Green 

602 

519 

52.6 
17 .5 
29.9 

36.6 
45.9 

9.6 
7.9 

16.0 
11.6 
13.3 

9.3 

6.7 

0 

1.5 

599 

5.0 

o 

0.3 

203 



Sample # 

Location 

Meter 

Modal Counts 

Qt 
F 
L 

Qm 
Lt 

K 
p 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other Li th i c 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

Mica 

North Horn Formation 

UT81TLS6 

Price 

420 

446 

78.3 
1.1 

20.7 

64.8 
34.2 

0 
1 .1 

13.5 
20.0 
0 

8.3 

5.2 

9.9 

0.7 

542 

8.8 

0.6 

0.7 

UT81TL58 

Price 

460 

407 

69.3 
O.S 

30.2 

68.1 
31.4 

0 
0.5 

1.2 
30.2 
0 

0.5 

0.7 

28.8 

0 

471 

4.3 

o 

o 

UT81TL59 

Price 

484 

402 

55.5 
0.5 

44.0 

54.2 
45.2 

0 
0.5 

1.2 
44.0 
0 

1.0 

0.2 

42.8 

0 

501 

19.8 

o 

o 

UT81TL60 

Price 

S09 

403 

78.4 
1.7 

19.9 

44.4 
53.9 

0.3 
1.4 

34.1 
19.6 
0.3 

27.1 

7.0 

8.7 

0 

483 

7.6 

o 
0.4 

204 

UT81TL61 

Price 

551 

399 

77.9 
0.3 

21.8 

75.2 
24.6 

0 
0.3 

2.8 
21.8 
0 

1.8 

1.0 

20.3 

0 

470 

3.2 

o 

o 



Sample 1/ 

Location 

Meter 

Modal Counts 

Qt 
F 

L 

Qm 
Lt 

K 

P 

Qp 
Ls 
Lv 

Chert 

Aggregate Q 

Detrital C03 

Other L i thi c 

Total Counts 

Cement & Matrix 

Intraform. 
Grains 

North Horn Formation 

UT81TL62 

Price 

570 

383 

66.6 
0.6 

32.9 

65.8 
33.7 

0.3 
0.3 

0.8 
32.9 
0 

0.8 

0 

31.3 

0 

438 

4.6 

o 

UT81TL63 

Price 

627 

400 

48.0 
0.3 

51.8 

46.8 
53.1 

0 
0.3 

1.3 
51.8 
0 

0 

1.3 

51.3 

0 

505 

20.0 

o 

NF-54 

Green 

630 

454 

64.1 
11.3 
24.7 

48.9 
39.9 

8.4 
2.9 

15.2 
13.7 
9.9 

13.9 

1.3 

0.7 

1.1 

538 

o 

o 

205 
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