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ABSTRACT

The Queantoweap Sandstone, deposited in Early Permian time, is 

preserved on the western Colorado Plateau and in adjacent areas of the 

southern Great Basin. It is a lithostratigraphic correlative of the 

thinner Esplanade cliff unit of the Grand Canyon and the thicker Cedar 

Mesa Sandstone of southeastern Utah. The Queantoweap abruptly overlies 

the Pakoon Formation, a regressive dolomite and evaporite sequence. It 

intertongues with subaerial and marginal marine deposits of the overlying 

Hermit Formation.

During Queantoweap deposition, a tectonic hinge zone separated 

the Cordilleran miogeocline to the northwest from low-relief platforms 

and shallow basins of the Arizona platform to the southeast. Sediment 

was transported across this hinge zone toward the south-southeast.
Basal Queantoweap units were deposited by a transgressive shallow 

sea, characterized by oscillatory changes in sea level. During maximum 

transgressions, strong currents— perhaps generated by tidal forces and 

enhanced by storm winds—-deposited sands in shoals and subaqueous sand 

bars. Associated shorelines were probably macrotidal coasts and wind 

tidal flats. Eolian processes transported and deposited sands during 

times of maximum regression. The climate was arid. Mean shorelines pro- 

graded northwestward with time, increasing the extent of the subaerial 

Queantoweap facies and of the intertonguing Hermit Formation.

xi



INTRODUCTION

Purpose of Study

The Queantoweap Sandstone is a buff-colored, cross-stratified 

sandstone where exposed in northwestern Arizona and adjacent areas of 

Utah and Nevada. Previous stratigraphers agree that it belongs to the 

lowermost part of the Permian System, but have disagreed on the deposi

tions! environment. I have studied the sedimentary structures and pe

trology of five sections assigned to the Queantoweap and examined the 

regional stratigraphy to ascertain the depositions! environments of the 
formation.

An Introductory Sketch 
of the Queantoweap

In northern Mohave County, Arizona and southeastern Clark Coun
ty, Nevada (Figure 1) the Queantoweap is composed of 100 m of pale 

yellow-orange to pale orange, very fine grained sandstone. Tabular sets 

of cross-strata, a meter or more thick with consistent dips to the 

south, are characteristic. Smaller sets with tabular to wedge shapes 

are also abundant. Horizontally bedded sandstone with a gnarled appear

ance is common near its base; however, the base of the unit is rarely 

seen, as it is generally a covered slope. This is due to the very soft 

nature of the basal Queantoweap strata and underlying evaporites of the 

uppermost Pakoon Dolomite. The upper Queantoweap commonly forms a 

rounded, rubbly cliff or ridge between this lower slope-forming unit 

and the overlying slope-forming unit, the Hermit Formation. The Hermit

1
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Figure 1. Political Map of the Western Colorado Plateau Region. —  s = 
Sedona townsite, cr = Colorado River in eastern Grand Canyon, 
vr = Virgin River, gr = Green River. U. S. Geological Survey 
(1972) base nap of the United States.



Formation generally forms a dark red slope or valley of siltstone with 

numerous small ledges of orange, very fine grained sandstone.

In southern Washington County, Utah the overlying Hermit Forma

tion pinches out while the Queantoweap Sandstone lithesome thickens dra

matically to 400 m or more. Much of this thickening is due to the addi

tion of an overlying sand body that overlies the Hermit and is referred 

to by many as the Coconino Sandstone, by analogy to the well-known Per

mian section in the Grand Canyon of Arizona (Figure 2). This correla

tion has not been proven. The undifferentiated Queantoweap-"Coconino" 

sand body thins northward, sandwiched between carbonate and evaporite 

rocks of the underlying Pakoon Formation and the overlying carbonate 

and evaporite rocks of the Toroweap Formation.

In the central Grand Canyon of Arizona, a conspicuous bench 

called the Esplanade forms by back-weathering of the overlying, less 

competent Hermit Formation. This bench is supported by a 100 m thick 

sequence of pink sandstones, red, festoon-bedded sandstones, structure

less siltstones, and conglomerates. This unit is referred to as the 

Esplanade Sandstone, and most present-day stratigraphers believe the 

Queantoweap Sandstone and the Esplanade Sandstone are correlatives. The 

Pakoon Formation, which underlies the Queantoweap Sandstone in northwest 

Arizona, is not present below the Esplanade Sandstone. It pinches out 

below the intervening Shivwits Plateau. The Esplanade Sandstone is the 

uppermost member of the 400 m thick Supai Group, a sequence of mixed li

thologies dominated by oxidized elastics in the upper part with increas

ing amounts of carbonate rocks in its lower part. McKee (1975) assigns

3
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IftS
Figure 2. Topographic Features of the Western Colorado Plateau Region. —  

Photocopied from Raisz (1946). Features not shown: Monument
Upwarp, southeastern Utah west of Comb Ridge. Beaverdam Moun
tains , southwestern Utah north of Virgin Mountains. Frenchman 
Mountain, south Nevada, 8 miles (12 km) east of Las Vegas.
North Bird Spring Range, 35 miles (55 km) southwest of Las 
Vegas. Western Mogollon Rim, topographic escarpment south of 
Bill Williams Mountain, central Arizona. Chino Point, south
ernmost extension of Aubrey cliffs, central Arizona. Whitmore 
Wash, confluence of Hurrican cliffs and Grand Canyon, northern 
Arizona.
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the Esplanade Sandstone to the Permian System and the remaining Supai 

Group to the Pennsylvanian.

The Queantoweap is not exposed in south-central Utah. Earlier 

stratigraphers correlated it with the Cedar Mesa Sandstone of southeast

ern Utah.

In southern Nevada, correlations are difficult due to the exten

sive amount of thrusting associated with the Sevier orogeny of mid- 

Cretaceous age and late Tertiary extensional faulting (Figure 3). The 

Queantoweap Sandstone, Hermit Formation, and Coconino Sandstone are 

usually correlated with a red bed unit in Clark County, Nevada, referred 

to as "Supai Equivalents" or "Permian Redbeds." This interval of inter- 

bedded red siltstone and buff sandstone thins westward and pinches in 

the eastern Spring Mountains into the uppermost part of the Bird Springs 

Group, a Pennsylvanian-Permian miogeoclinal carbonate unit.

Previous Work
Dutton (1882) assigned rock units of the western Grand Canyon to 

a stratigraphic framework devised by Walcott (1880). Dutton first de

scribed a sandstone (now referred to as the Esplanade Sandstone) as 

"about 325 feet of hard red sandstone of a brown-red color" that caps 

an extensive bench composed of the Redwall Group at the mouth of Toro- 

weap Valley (p. 88). In a later discussion, Dutton described the 

Queantoweap Valley as ". . . a lateral valley excavated upon the sunken 

side of the Hurricane fault, and cuts through the upper and most of the 

lower Aubrey groups of the Carboniferous, and opens upon a wide espla

nade of the Grand Canon, just as the Toroweap does" (p. 115).
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Figure 3. Generalized Tectonic Map of the Western Colorado Plateau 
Region. —  Uplifts and basins are generalized after King 
(1969), Bissell (1974), Peirce (1976), and Stevens (1977); 
edge of Sevier thrust belt after King (1977); present-day 
physiographic provinces after Scholz, Baranzangi and Sbar 
(1971); Wasatch line after Kay (1951) and Bissell (1974).



These are the earliest references I have found to either Queantoweap 

Valley or to the topographic feature known as the Esplanade bench.

Darton (1910) combined the uppermost red beds of the Redwall 

Group with the lower portion of the Aubrey Group and reclassified the 

unit as the Supai Formation, named for the Supai village on Cataract 

Creek. Longwell (1921) extended the Supai Sandstone’s (sic) known dis

tribution to the upper Grand Wash Cliffs and correlated farther west to 

the extreme western Muddy Mountains of Clark County, Nevada. He felt 

that these beds correlated with the Upper Supai of the Grand Canyon 

(i.e., the present Hermit Formation).

Noble (1922) separated the Hermit Shale from the Supai and di

vided the Supai Formation into three members. The top member (subdivi

sion A) is 306 ft thick and supports the Esplanade platform.

In a study of the Hermit Formation flora near Grand Canyon Sta

tion, White (1929) noted that the Hermit mconformably overlies 270 ft 
of hard, dark red sandstone. White comments that this unit is referred 

to as the "Esplanade Sandstone" by his contemporaries and so refers to 

it in his work. White believed the red color of the sandstones was due 

to thin films of red iron oxide and reported vertebrate tracks on bedding 

planes in a 50 ft, massive, white sandstone ledge in the middle member 

of the Supai. Contrary to many of his contemporaries, White concluded 

that most of the Supai was not wind deposits, but was deposited on a 

floodplain. Because of a lack of reworked Esplanade pebbles in the 

overlying Hermit, he felt the unconformity at the top of the Esplanade 

was of small duration. He reported the Supai flora as being Permian in

7
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age but distinctly older than the Hermit Formation flora, which is late 

Early Permian in age.

McKee (1940) divided the Supai of the Grand Canyon into two mem

bers separated by a conglomerate. He concluded that the Supai repre

sented deltaic and floodplain deposits, on the basis of cross-strata 

studies and fossil plant remains. Sediments were transported in a 

southeasterly direction.

McNair (1951) proposed two new units to clarify the stratigraphy 

of extreme northwestern Arizona. Between the Pennsylvanian (Virgilian) 

Callville Limestone and the overlying Permian elastics, he recognized a 

dolomitic limestone of Wolfcampian age, which he named the Pakoon lime

stone for Pakoon Springs in the Grand Wash of northwest Mohave County. 

This unit pinches out below the Shivwits plateau and thickens in a short 

distance toward the northwest. McNair interpreted the unit as represent
ing a regression of the sea after an initial Pennsylvanian transgression.

Abruptly overlying the Pakoon limestone is a cross-bedded sand

stone unit, which McNair (1951, p. 525) designated the Queantoweap 

Sandstone:

The massive ledge, and cliff-forming, cross-bedded sandstones 
which rest on the Pakoon and upper Callville limestones are 
designated the Queantoweap sandstone. This sandstone is named 
for Queantoweap Valley, where it is typically exposed, and 
where it forms a set of conspicuous ledges and cliffs below 
the easily eroded Hermit redbeds. The type section was meas
ured on the east side of Queantoweap Valley between the upper 
and lower lava flows, near a well locally known as ’Cramps 
basin.'
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This locality is now known as Paw’s Pocket in Whitmore Wash. It corre

sponds to the area described by Dutton (1882) when he introdued the term 

"explanade

McNair described the lower Queantoweap contact as sharp, and 

thought it represented a sudden change in sediments made available for 

deposition. He felt it was a conformable contact. The upper contact 

was placed in a 5-50 ft transition zone, where the thick, commonly 

cross-bedded Queantoweap sandstones were replaced by the thinner bedded 

Hermit siltstones. McNair commented that Noble (1922), while working in 

the Grand Canyon farther east, described this boundary as erosional al

though laterally difficult or impossible to identify.

McNair felt that the Queantoweap cross-beds represented trans

port of sediments away from a northward source. He could not readily 

accept McKee’s (1940) interpretation that the Supai cross-beds repre

sented deltas advancing from a northwest source, for southeastern Nevada 
and adjacent Utah contain carbonate rocks deposited in a Permian marine 

basin. McNair felt that Supai deposition southeast of the Shivwits 

Plateau represented mud-flat environments, which were marginal to open 

marine waters to the northwest. The cross-bedded Queantoweap sands 

could possibly represent marine sands. McNair correlated his Queantoweap 

unit from Queantoweap Valley to Pakoon Ridge, and felt it probable that 

the cross-bedded Supai sandstone in the Virgin Mountains and southwestern 

Utah were either in part or totally correlative.

The type section which McNair chose for the Queantoweap Sand

stone is in part composed of the sandstone unit which earlier workers 

had informally called the Esplanade Sandstone. Most subsequent workers
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in the Grand Canyon district chose to use the earlier, informal term, 

which has recently been formally proposed (McKee, 1975). However, work

ers in extreme northwestern Arizona and adjacent areas have found the 

term "Queantoweap Sandstone" a more suitable label for the buff, cross- 

bedded sandstones of that area which McNair correlated with the Queanto

weap type section.

Welsh (1959) extended the Wasatch Line of Utah (Kay, 1951) to 

the southwest, across southernmost Nevada and into California, and re

ferred to it as the Las Vegas Hinge line. Welsh (p. 78) interpreted 

this as the tectonic hinge between platform environments to the south

east and basin environments to the northwest. He believed barrier bars 

and beaches formed along this hinge during Pakoon deposition, while do

lomites and evaporites formed in lagoonal deposits on the platform.
The source of the sand was inferred to be a large sandy delta to the 

northeast. Welsh noticed a widespread, thin red siltstone, which he 

informally named the red siltstone marker, present between the evapo- 

rites and dolomites of the Pakoon and the overlying Queantoweap. He 

concluded that the red siltstone marker represented the final drying up 

of lagoonal environments prior to the advance of a large sandy delta, 

preserved as the Queantoweap Formation, from the north.

Sorauf (1962) noted that the Esplanade at Whitmore Wash inter- 

tongued with the overlying terrestrial Hermit and climbed up-section to 

the west, over the Pakoon and Callville carbonate wedge. The presence 

of carbonate cement in the Esplanade was inferred to mean submarine de

position; he concluded that the Esplanade represented longshore bar and 

barrier beach deposits.
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Fisher (1962) also recognized the regressive nature of the 

Esplanade and concluded that the Esplanade of the Shivwits plateau was a 

transition zone between deltaic deposits to the east and marine deposits 

to the west. He inferred that tidal-flat or near-shore marine deposits 

intertongued with floodplain and deltaic deposits within the Esplanade 

sand body.

Heylmun (1958), Welsh (1959), Baars (1962), Seager (1966), and 

Irwin (1971) have correlated the Cedar Mesa Sandstone of the Monument 

upwarp area of Utah with the Queantoweap. Baars (1962, p. 178) noted 

that the Cedar Mesa was often interpreted as an eolian sand, but felt 

much of it was near-shore marine or beach sand.

Brill (1963) documented that the grain size of the Cedar Mesa- 

Queantoweap-Upper Supai lithesome decreased southward, except for a 
slight increase in grain size at Pakoon Ridge. As the current directions 

for the whole sand body were southward, Brill felt that the sand may have 
been derived from uplifts in west-central Utah and northwest Nevada, 

with minor input of sands from the Kaibab uplift. Brill explained the 

concentration of sand along the Las Vegas Hinge line as the result of 

sand being moved off the shelf and being deposited in deeper water on 

the slope of the basin’s edge.

Hallgarth (1967a) correlated the lower Queantoweap unit of the 

Beaverdam Mountains with the Cedar Mesa Sandstone of southeastern Utah 

and with the upper Supai (Esplanade) of the Grand Canyon. He reported 

that McKee correlated the upper Queantoweap unit of the Beaverdam Moun

tains with the Hermit Formation of the Grand Canyon. Hallgarth corre

lated the Cedar Mesa Sandstone and the lower Queantoweap with interbedded
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carbonate rocks and sandstones of Beaver County, Utah and from there 

with sandstones in the lower Arcturus Group of central and northern 

Utah. Hallgarth (1967b) interpreted the sandstones and carbonate rocks 

of Beaver County as offshore marine units (Figure 4). To the south were 

beaches; on page 55 he states: "Flatbedding and crossbedding in the

Supai suggest rapidly alternating depositional conditions."

Beal (1965, p. 46) described the Queantoweap of the northern 

Virgin Mountains as "redbeds (eolian sandstones)." He also noted that, 

at Pakoon Ridge, the overlying Hermit Formation is very fine grained 

sandstone, distinctly cross-bedded at the base, while indistinctly bed

ded at the top. Moore (1972) observed that the Hermit and Supai togeth

er are consistently 1200-1300 ft thick in the northern Virgin Mountains. 

Northward, the Hermit red beds pinch out, leaving only yellow Supai sand
stones. Seager (1966) interpreted the Queantoweap of the northern Virgin 

Mountains as having been formed on broad deltas and associated flood- 

plains and within the littoral zone. Seager believed eolian dune sands 
were probably associated.

Bissell (1960) correlated the Queantoweap with the lower part of 

the "Coconino and Supai" sand body of southwestern Utah and with the up

per Supai of the Grand Canyon (Esplanade Sandstone). He later commented 

(1962) that the Coconino, Hermit, and Queantoweap Formations of southern 

Nevada were clastic units, in part eolian. In a more recent ‘article 

(1969, p. 139) Bissell interprets the Queantoweap as representing 

westward-flowing streams in the east (Grand Canyon area), with marine 

and non-marine deltaic lobes, beach, and longshore-bar accumulations more 

important constituents of the western exposures.



13

Figure 4. Lower Permian Depositional Environments of the Western 
Colorado Plateau. —  From Hallgarth (1967a).
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Longwell and others (1965) describe 1100-1400 ft of red beds in 

the Virgin Mountains, Muddy Mountains, and Frenchman Mountain. They be

lieve the basal 300 ft of this sequence can readily be correlated with 

the Queantoweap Sandstone of extreme northwestern Arizona as far west as 

Frenchman Mountain. Further west correlation becomes difficult, due to 

facies changes and disruption of the strata by several imbricate thrust 

faulting events of Mesozoic age (Armstrong, 1968; Burchfiel and others, 

1974) and extensional and possibly related lateral deformations of late 

Tertiary age (Suppe, Powell, and Berry, 1975). Hewett (1956) measured 

1100 ft of red beds in the North Bird Springs Range. Langenheim (1973) 

reports that this red bed "Supai Group" of the North Bird Springs Range 

is a facies equivalent to the uppermost (Leonardian) portion of the Bird 

Springs Formation in the northern Spring Mountains; he correlates it 

with the red beds of the Frenchman and Muddy Mountains. Burchfiel and 

others (1974) reached the same conclusion. Welsh (1959) and Bissell 
(1969) correlated different parts of the North Bird Spring Range red bed 

sequence with the Queantoweap Sandstone.

McKee (1975) proposed that the Supai of the Grand Canyon be con

sidered a group divisible into four formations, defined on the basis of 

topographic expression and the presence of regionally correlative con

glomerates. McKee proposed that the bench-forming sandstone of the up

per Supai, with part of the underlying slope unit, be called the Espla

nade Sandstone. Earlier workers such as Noble (1922) had not included 

any of the underlying slope unit in the Esplanade. McKee justified its 

inclusion on the basis of a regional unconformity present in the slope 

unit, in many localities overlain by one and, in some places, two
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limestone pebble conglomerates. McKee (1979a) interpteted the Esplanade 

Sandstone as having been deposited in estuarine environments with marine 

deposition in the western Grand Canyon. McKee (1975, 1979a) also re

ported that the Esplanade and Pakoon interfinger under the Shivwits 

Plateau. Pierce (1977) felt he could demonstrate that the Esplanade of 

the Grand Canyon was not correlative with the Queantoweap of the Virgin 

Mountain; he interpreted the Esplanade as being laterally equivalent to 

the Pakoon, while the Queantoweap was a separate and stratigraphically 
higher unit.

Lane (1979) felt that the Queantoweap and Esplanade were indeed 

correlative and extended the Esplanade as far south as Oak Creek Canyon, 

near Sedona. He interpreted the Esplanade as being composed of shallow 

mating deposits with littoral zone sediments present near its top.
Recent correlations of Blakey (1979a) and Elston and DiPaolo 

(1979) have extended the Esplanade nomenclature into the Oak Creek Can
yon area. Unfortunately, confusion exists as to what units should be 

assigned to the Esplanade in Oak Creek Canyon. Elston and DiPaolo 

(1979) correlate 18 m of argillaceous, dark red-brown, very fine grained 

sandstone in the Sedona area with the Hermit' Formation of the Grand 

Canyon. This unit is in the middle of the A unit of the Supai of McKee 

(1945). It overlies 200 m of cross-stratified sandstone which compose 

the lower part of the A unit of McKee and which Elston and DiPaolo cor

relate with the cliff-forming member of the Esplanade Sandstone in the 

Grand Canyon. Elston and DiPaolo assign an eolian, fluviatile, and ma
rine depositional environmental interpretation to this sandstone unit.
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Below the A unit of McKee (1945) at Oak Creek is 87 m of slope

forming, dark red-brown siltstone and conglomerate, the B unit of the 

Supai of McKee (1945), which Elston and DiPaolo correlate with the lower 

slope-forming unit of the Grand Canyon Esplanade. Elston and DiPaolo 

assign a fluvial plain and mudflat depositional environment to this 

interval.

Blakey (1979a) correlates the Hermit Formation of the Grand 

Canyon with the B unit of McKee. Blakey interprets it as the product of 

fluviatile(?) environments, with source areas to the northeast interact

ing with tidal and marine environments. Blakey has informally proposed 

that the A unit of the Supai of McKee at Oak Creek be considered a new 

unit, the Schnebly Hill formation, which he interprets as not being pres

ent in the Grand Canyon. He interprets the Schnebly Hill formation as a 
mixture of eolian, tidal, and shallow quiet marine sediments. At Oak 

Creek, the B unit of the Supai of McKee (1945) (the Hermit of Blakey and 

the Esplanade slope unit correlative of Elston and DiPaolo) is underlain 

by the C unit of the Supai of McKee. Elston and DiPaolo correlate this 

unit with the Pennsylvanian Naco Formation of southern Arizona. Blakey 

correlates the upper part of this cliff-forming unit with the Esplanade 

Sandstone of the Grand Canyon. Blakey interprets this unit as marginal 

marine to marine in origin with bar, shoal, tidal channel, foreshore and 

beach deposits. He feels tidal flat, sabkha, fluvial, and lagoonal de

posits may also be present. Peirce (personal communication, 1981) does 

not believe that the Hermit Formation is present in Oak Creek Canyon.

He believes that unit B is, at least in part, a facies of. the Esplanade
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Sandstone of McKee (1975) of Grand Canyon (Peirce, 1979). In this he is 

in close agreement with Elston and DiPaolo. However, in partial agree

ment with Blakey, he believes that all or most of unit A in Oak Creek 

has no representation in the Grand Canyon (personal communication, 1981).



METHODS

Measured Sections

I measured five sections and examined many others that have 

been assigned to the Queantoweap Sandstone by previous stratigraphers.

I selected study localities from the measured sections of Baker and 

Reeside (1929), McNair (1951), Welsh (1959), Brill (1963), and Seager 

(1966). The Lime Kiln section was selected at the recommendation of 
Walter Pierce.

Sections studied in detail were first measured by tape and Brun- 

ton compass. These sections are in Appendix A. After measuring a sec

tion, I returned to each unit in the section for more detailed study. I 

traversed each unit from base to top, recording the nature of clearly 

discernible cross-strata sets, their strike, dip, and thickness. If 
more readings were desired, I moved along the unit laterally, usually 
10-50 m, to the next small arroyo that exposed the unit well, and retra

versed the unit. Cross-strata readings were later rotated on a Schmidt 

stereonet to correct for regional strike and dip. Lithologies were de

scribed in the field, and numerous hand specimens were collected for la

ter thin section or sieve study. Particular care was taken to search 

for primary sedimentary structures and fossils. Units were traced lat

erally to develop ideas on how units change laterally and how they re

late to other units in the vertical plane.

18
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Cross-strata Analysis

Throughout this thesis, all hypothesis testing is conducted at 

the .10 level; that is, the probability that I reject a hypothesis when 

in fact the hypothesis is true is .10 (this is also referred to as a 90% 

confidence level). T-tests and F-tests that I used are modeled after 

standard tests that I learned from Allan Gutjahr, Associate Professor of 

Mathematics at New Mexico Institute of Mining and Technology. Values of 

the T and F distributions are from the tables of Walpole and Myers 
(1972).

Averages of current vector data were computed using angular val

ues as measured in degrees east of north, because current vectors are 

predominantly in the southern hemisphere (between N80°E and N270°E). If 

values suggesting a bimodal distribution were present, their opposite 
poles were used. Standard deviations used are the square root of the 
unbiased estimate of the variance.

Grain Size Analysis

My methods are based on those outlined by Folk (1974). I at

tempted to disaggregate more than 30 of the more friable sandstone sam

ples. Samples were heated in dilute HC1 acid, then washed and divided 

into a coarse and fine fraction by wet sieving through a Tyler series 

400-mesh sieve. Sample fractions coarser than 4 phi were dried and dis

aggregated with mortar and pestle and sieved on a $£ phi sieve set. The 

fine fractions were analyzed by pipette analysis to the 8 or 9 phi di

ameter size fraction. Of the more than 30 samples which I attempted to 

disaggregate, most were too siliceous. Too many grains were fractured
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by the mortar and pestle or too few were disaggregated to warrant their 

analysis. Some samples contained too much gypsum. The gypsum was 

ground to a fine powder in the mortar and clogged the sieve, making 

separation impossible. Only 8 of the original samples produced accep
table results.

More firmly cemented sandstones were sent to a commercial firm 

for sectioning. Although only the most firmly cemented samples were 

sent, 10 of these plucked too much for valid counting. I measured the 

diameters of 200 grains on the remaining 17 slides and converted these 

values to sieve equivalent mean diameters and sorting indices using the 

equations of Friedman (1962). After conversion to sieve equivalents, 

the thin section data were all consistently finer grained than the 

sieved sandstone values. Friedman (1962) mentioned that his method does 

not work well for some sandstones of very fine grain size, which all of 
these are.

Another source of incongruity is the 2-5% clay in most samples. 

When examined in thin section, this largely authigenic clay was not 

measured for calculation of grain diameters. However, it was included 

in the sieve analyses. Since it is finer than the finest pipette frac

tion measured, it shifts all cumulative grain size curves down the ordi

nate axis by several percent. This reduces mean grain size as measured 

graphically by .1 or .2 phi units and increases sorting and skewness 

values (Wilson and Pittman, 1977).

Authigenic silica is yet another source of incongruity. Sand

stones well-cemented with silica were examined in thin section, and the 

silica cement was not measured for calculation of grain diameters.



Some weakly silica-cemented sandstones were disaggregated and sieved.

The small amounts of silica overgrowths may have slightly affected the
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resultant grain size distribution.



STRATIGRAPHY OF MEASURED SECTIONS

Paw’s Pocket

Figure 5 is a summary of how different workers have viewed the 

Supai and Hermit intervals exposed in Whitmore Wash. McNair (1951) se

lected a 125 m (about 400 ft) cliff in Whitmore Wash as the Queantoweap 

type section (Figure 6). He assigned 120.0 m (393.5 ft) to the Queanto

weap interval. The section is underlain by quartz sand-rich calc- 

arenites and sandy limestones, which McNair correlated with the Callville 

Formation. One to three meter deep channels filled with red-brown silt- 

stone and yellow-orange sandstone occur near the top of this interval.

The lower 39 m (128.5 ft) of the Queantoweap type section is a cliff of 

calcareous, pink to grey sandstone in very thick cosets of wedge planar 

and tabular planar cross-strata. Conglomerates and reddish brown sand
stones , commonly in broad shallow channels, are interbedded. This is 

overlain by 20 m (65 ft) of reddish brown, moderately sorted sandstones 

and interbedded conglomerates and siltstones that erode to form a steep 

slope. The top 61 m (200 ft) is a very steep cliff of thick and very 

thick bedded, cross-stratified sandstone. The top of the cliff unit 

forms the Esplanade bench throughout the Whitmore Wash area. It is over- 

lain by interbedded gypsiferous siltstones and sandstones which McNair 

assigned to the Hermit Formation.

Sorauf (1962) agreed with McNair's pick of the Hermit-Queantoweap 

boundary. Sorauf did not believe that a new formation name was justi
fied for the Queantoweap interval, and referred to it as the Esplanade

22
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Figure 5. Generalized Stratigraphic Column for the Supai Group in
Whitmore Wash. —  The interval between the Esplanade Bench 
and the floor of Whitmore Wash is from my measured section. 
Lower third of section after Sorauf (1962), section 4. Upper 
third after Sorauf (1962), section 8.



Figure 6. Queantoweap Type Section. —  One mile south of Paw's Pocket 
in Whitmore Wash, Grand Canyon of Arizona. The lower 
(southern) lava flow is in the lower right corner of photo
graph. McNair's Queantoweap boundaries are the top of this 
cliff-forming interval, and the base of the dark sandstone 
bluff in the lower part of the photograph. Total thickness 
is about 120 m. I assign the upper half of this interval 
to the Esplanade cliff unit and the lower half to the Espla
nade slope unit and the Wescogame Formation of McKee (1975). 
The base of the Esplanade slope unit is at the base of the 
second slope unit (arrow).
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Figure 6 Queantoweap Type Section.
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Member of the Supai Formation (Figure 5). He assigned 148m (487ft) to 

the Esplanade Member, all of it occurring below the Esplanade bench. 

Sorauf identified a conglomerate interval 120 m (393 ft) below the hori

zon of the Esplanade bench; he correlated this conglomerate with the 

conglomerate that McKee (1940) used to divide the Esplanade Member from 

the remaining Supai Formation. 

A recent article by McKee (1979a) raises questions in my mind 

about the validity of McNair's and Sorauf's interpretations of the Whit

more Wash section. McKee did not publish a section for Whitmore Wash, 

but some information about the interval he assigns to the Esplanade For

mation can be surmised from the tables and figures he presents. He as

signs 123 m (403 ft) to the Esplanade Formation at this locality. The 

base of the interval is marked by 2 ft of conglomerate but has no ero

sional surface relief. He assigns between 35 m (115 ft) and 23 m (75 

ft) of gypsiferous siltstones and gypsum to the upper part of the Espla

nade at this locality. If the evaporites and sandstone beds which over

lie the Esplanade bench are included in the Esplanade Formation and if 

the Esplanade is 123 m thick, then the red-brown slope unit that occurs 

in the middle of the Queantoweap type section is the lower slope unit of 

the Esplanade Formation of McKee (1975). This places the lowest 39m of 

the Queantoweap type section in the Wescogarne Formation of McKee (1975). 

This division of the Queantoweap type section into the Esplanade 

cliff unit, Esplanade slope unit, and Wescogame Formation is supported 

by an examination of the sandstone lithologies. The lower sandstones, 

or Wescogarne Formation, are moderate purple to neutral grey on a fresh 

surface; they contain a very high percentage of clastic carbonate grains, 
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commonly as fossil hash and are poorly to moderately cemented with fine 

and coarse calcite crystals, giving the rock a dull appearance. The up

per sandstones, or Esplanade cliff unit, are very fine grained, irregu

larly mottled, pale yellow-orange to moderate yellow-orange on a fresh 

surface; they contain a small percentage of clastic carbonate grains 

and commonly contain sparse, well-rounded, medium sand grains of quartz; 

the sandstones are well cemented— sometimes with silica overgrowths but 

usually with poikilotopic dolomite or calcite— which gives the rock a 
luster-mottled appearance.

Because of the differences in lithology and the nature of the 

red-brown slope unit separating these two sandstone bodies, I feel that 

only the top 81 m of the Queantoweap type section is correlatable to the 

Esplanade Formation of McKee (1975). If the gypsiferous beds and sand
stones overlying the Esplanade Bench are part of the Esplanade Formation 

and not the Hermit Formation, then the Esplanade bench in the Whitmore 

Wash area occurs about 40 m below the top of the Esplanade Formation of 

McKee (1975).

The Hermit-Esplanade boundary is well-defined in the eastern

Grand Canyon but is increasingly more gradational in the western Grand

Canyon. Fisher (1962) states (p. 67-69):

Farther west, in the Shivwits Plateau, the formations [Hermit 
and Supai] are entirely conformable, since Supai sandstones 
are found to intertongue with basal Hermit rocks. . . . Com
plete gradation between Supai and Hermit Formations in the 
Shivwits Plateau makes the boundary between the two arbitrary, 
although almost any of several arbitrarily chosen contacts 
can be mapped easily.
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To summarize, the type section of the Queantoweap contains the 

Wescogame Formation and most of the Esplanade Formation of McKee (1975). 

The Queantoweap Sandstone of general usage in northwest Arizona is litho- 

stratigraphically correlative to the Esplanade cliff unit of the Espla

nade Formation of McKee (1975). The uppermost Queantoweap Sandstone and 

the lowermost Hermit Formation intertongue, making the choice of a boun

dary somewhat arbitrary. The lowermost Hermit Formation is laterally 

replaced by the Queantoweap lithosome to the northwest.

Virgin Mountains

Two sections were measured in the Virgin Mountains area. One 

section was measured on the north side of the Virgin River Gorge, in an 

area more correctly referred to as the southernmost Beaverdam Mountains. 
Another section was measured 25 miles to the southwest, near Lime Kiln 

Canyon. At both localities, the Queantoweap Sandstone forms the lower 

third to half of a 400-440 m (1300-1450 ft) thick body of very fine 

grained yellow sandstone, red sandstone, and red siltstone. The red 

siltstones and red sandstones occur in the middle of the sequence and 

thin northward; Beal (1965) and Seager (1966) refer to the red units as 

the Hermit Formation. Near Lime Kiln Canyon, the Hermit Formation is 

overlain by 33 m of yellow, silica- and carbonate-cemented sandstone 

that Seager (1966) correlated with the Coconino Sandstone. In the Vir

gin River Gorge, the uppermost half of the clastic interval is yellow, 

carbonate- and silica-cemented sandstone, which some workers refer to as 

Coconino Sandstone. I feel the differences in lithology between this 
latter unit and the Coconino Sandstone of the Grand Canyon are great
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The boundary between the Queantoweap and the Hermit is gradation

al in nature. The two previous principal investigators in this area, 

Seager (1966) and Moore (1972), disagree on where the contact is by per

haps as much as 200 m (about 700 ft). Both workers found it convenient 

to map the entire Queantoweap-Hermit-Coconino-"Coconino" interval as one 

unit. Moore (1972) recognized that the total Queantoweap-Hermit inter

val maintains relatively constant thickness in the North Virgin Moun

tains, while the Hermit lithology pinches out into the Queantoweap- 

"Coconino" sand packet to the north.

Reeside and Bassler (1922) measured 440 m (1450 ft) of pale yel

low sandstone in the Virgin River Gorge and assigned it to the Supai 

Formation. On the north side of the Virgin River Gorge, I measured 

155 m of pale yellow-orange sandstone that I assign to the Queantoweap 

(Figure 7). This Queantoweap section is underlain by 5 m of pale yellow 
to pale red siltstone, sandstone, and dolomite, which I correlate with 

the red siltstone marker of Welsh (1959). The underlying Pakoon For

mation is interbedded gypsum, aphanocrystalline dolomite, and minor 

sandstone and siltstone. The unit is badly brecciated, perhaps due to 

solution removal of gypsiferous units. The basal 60 m of Queantoweap is 

dominated by flat-bedded, pale yellow, very fine grained sandstone with 

minor amounts of wedge trough and wedge tabular cross-strata, and pos

sibly some channel-fill cross-bedding. The lower parts of this unit are 

badly brecciated and disorganized, perhaps again due to solution removal 

of underlying units. Overlying this interval are 45 m of pale yellow

enough to demand re-examination of this correlation, and so will refer

to the upper sandstone in the Virgin River Gorge as "Coconino Sandstone."



Figure 7. Virgin River Gorge Section. —  Photo taken from Unit 9 look
ing at equivalent rocks on opposite side of Virgin River 
(to southeast). Cliffs at top of photo are the Kaibab and 
Toroweap Formations. Underlying slope is the "Coconino" and 
Hermit Formations. Two distinct benches are the tops of 
Units 15 and 10 in the Virgin River Gorge Queantoweap sec
tions. Lower bench developed at horizon of Pakoon Evapo- 
rites. Small ledges and cliffs in lower right corner are 
carbonate rock units of the Pakoon Formation. Grand Wash 
fault is in upper right.
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Figure 7. Virgin River Gorge Section.
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and mottled red to yellow very fine grained sandstone in large-scale, 

tabular planar cross-sets, the top beds of which are heavily silicified 

and form a sharp bench. The upper 50 m of the measured section is a 

very fine grained and fine-grained pale yellow-orange sandstone in 

large-scale tabular planar and wedge planar cross-sets, with carbonate 

and siliceous cements. The top of my measured section is a rounded 

bench that is widespread in the Virgin River Gorge. The Queantoweap 

lithology continues up-section, with local red siltstone partings of 

Hermit lithology, and is indistinguishable from the overlying "Coconino" 
lithology.

The Queantoweap Sandstone at Lime Kiln Canyon directly overlies 

8 m of red-brown siltstone and yellow sandstone of the "red siltstone 

marker." The contact is flat and conformable. The "red siltstone mark

er" overlies evaporites, fine-grained elastics, and dolomites of the 

Pakoon Formation. I assign 123 m of sandstone to the Queantoweap at 

this locality. The lowermost 35 m are pale yellow-orange sandstone in 

medium-scale wedge planar and wedge trough cross-sets interbedded with 

horizontally bedded sandstone. This is overlain by 38 m of pale yellow- 

orange sandstone in medium- to large-scale tabular planar and wedge 

planar cross-sets interbedded with minor amounts of horizontally bedded 

sandstone. Some beds near the top of this interval are very siliceous 

and form a sharp bench (Figure 8). The uppermost 50 m are mottled moder 

ate red-orange, pale red-brown, and pale yellow-orange, carbonate- and 

silica-cemented sandstones in medium- and large-scale cross-sets with 

some interbedded, horizontally bedded units. The unit forms a rounded



Figure 8. Lime Kiln Canyon Section. —  Top of section. Note fault run
ning from lower right comer across middle of photo. Top of 
Unit 5 is the well-developed bench in middle foreground; it 
is very similar in outcrop expression and lithology to Unit 
10 in the Virgin River Gorge section but is thinner, not as 
flaggy, and finer grained. Top of Unit 8 is top of rounded 
bench in upper part of photo.

/



Figure 8. Lime Kiln Canyon Section.
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bench. Queantoweap sandstone beds at Lime Kiln Canyon are fine- and 

very fine grained, and many of the sandstones in the upper part of the 

section are weakly to strongly bimodal due to the presence of a small 

amount of well-rounded, medium sand grains of quartz.

I picked the top of the Queantoweap interval at Lime Kiln Canyon 

to be the base of the first red-brown, platy siltstone encountered. The 

overlying Hermit Formation at Lime Kiln Canyon is similar to the under

lying Queantoweap in structure and lithology, but gradationally becomes 

more silty, more red-brown, and more flat-bedded. The section at Lime 

Kiln Canyon is poorly exposed and complicated by numerous faults, toreva 
blocks, and other slump features.

A comparison of the Queantoweap exposures of the Virgin Mountains 

to the Queantoweap type section suggests that only the upper part of the 

Whitmore Wash section, the cliff unit of the Esplanade of McKee, is cor

relative with the Queantoweap of the Virgin Mountains. Some generalized 

criteria for recognizing the unit in the Shiwits Plateau region and in 

the eastern Virgin Mountains are:

1) it is a very fine grained subangular to subrounded sandstone 

with some beds containing a minor amount of rounded, medium sand 

grains;

2) it contains large- to medium-scale cross-beds with consistent 
dips to the south;

3) it abruptly overlies red channel-fill sandstones and conglomer

ates of the slope unit of the Esplanade of McKee (1975). or yel

low to red channel-fill sandstones and red siltstones of the 

"red siltstone marker" of Welsh (1959);
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4) it has a gradational or interfingering contact with red silt- 

stones of the overlying Hermit Formation.

Some criteria vary in a predictable fashion. These are:

1) a change in color from dominantly pale yellow in the Virgin 

River Gorge to mottled yellows and red-orange toward the 

southeast;

2) a change in cross-stratification style from dominantly simple, 

large-scale tabular planar forms in the Virgin River Gorge to 

medium- and large-scale, intricately interbedded, wedge planar 

and tabular planar forms to the southeast;

3) a decrease in the amount of silicification and an increase in 

sparry carbonate cement to the southeast;

4) a decrease in interval thickness associated with an increase in 

thickness of the overlying Hermit Formation.

Frenchman Mountain

Frenchman Mountain is 100 km (62 mi) southwest of Lime Kiln Can

yon near Las Vegas, Nevada (Figure 1). The Coconino-Hermit-Queantoweap 

interval is 345 m (1130 ft) thick (Welsh, 1959) (Figure 9). Underlying 

this clastic interval is the "red siltstone marker," a 5 m thick interval 

of red siltstones and sandstones that gradationally merges with a thick 

evaporite sequence of the underlying Pakoon Formation. The Queantoweap- 

"red siltstone marker" boundary is flat and more obscure than in previ

ously discussed sections. Evidently, the depositing medium of the Que- 

antoweap reworked the red siltstone interval to a high degree. I have 

assigned 104 m to the Queantoweap, which forms a distinct hogback of
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very thick (10-30 m) cosets of wedge planar and tabular planar cross- 

stratified, pale yellow to pale pink, very fine sandstone, interbedded 

with 5-15 m thick intervals of horizontally bedded sandstone and small- 

scale wedge planar and wedge trough cross-sets. The upper part of the 

Queantoweap is thinner bedded, redder, and gypsiferous; sedimentary 

structures are more indistinct. The overlying Hermit consists of struc

tureless, gypsiferous siltstones and sandstones. The Queantoweap-Hermit 

boundary is gradational in nature and complicated by faulting that fol

lows the bedding planes in a listric fashion. As at Lime Kiln Canyon, 

the 40 m thick Coconino Sandstone interval at the top of the clastic 

unit is readily separated from the underlying Hermit interval. The 

Coconino is fine- to medium-grained, silica-cemented, yellow to pink 

sandstone; while the underlying Hermit Formation is carbonate-cemented, 

gypsiferous, bright red siltstone and very fine grained sandstone.

Many previous workers have extended the name "Queantoweap" to 

the pale yellow sandstones at this locality (Welsh, 1959; Brill, 1963; 

Longwell and others, 1965; Bissell, 1969). I feel this is justifiable 

on the basis of the lithology, sedimentary structures, and position in 

the vertical sequence.

North Bird Spring Range

Hewett (1956) measured 335 m (1100 ft) of red beds between the 

top of the Pakoon Formation and the base of the beta member (after 

McKee, 1938) of the Toroweap Formation near Cottonwood Pass in the 

North Bird Springs Range (Figure 1). Welsh measured the same interval 

as being 436 m (1550 ft) and Bissell (1969) shows about 448 m (1600 ft)
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Figure 9. Frenchman Mountain, Nevada. —  Ledgy slopes in foreground 
are the upper Queantoweap Sandstone beds. Broad valley is 
the Hermit interval. Coconino Sandstone is the light in
terval in opposite hillside. Hillside is topped with the 
Beta and Gamma Members of the Toroweap Formation.
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in the red bed sequence at this locality in his reconstruction of the 

Permian System prior to Mesozoic and Cenozoic faulting (Figure 10).

I estimated the thickness of the interval using a combination of 

Brunton compass and steel tape traverses, Brunton compass and pace tra

verses, and clinometer and eye height traverses, and obtained a composite 

thickness of 331 m (1085 ft). The red bed interval can be readily di

vided into an upper slope unit, a middle sandstone unit, and a lower 

slope unit (Figure 11).

Welsh (1959) measured the upper slope unit as 87.2 m (286 ft) 

thick. He assigned this interval to the lower evaporite member of the 

Toroweap (gamma member of the Toroweap of McKee, 1938). The upper 

three-fourths of the slope unit is gypsiferous, red-brown to bright red 

shale, while the lower one-fourth is interbedded gypsiferous dolomite 

and pale yellow to grey sandstone. Bissell (1969) reports that this in

terval contains 85.4 m (280 ft) assignable to the Seligman member of the 

Toroweap (after Sorauf, 1962) and 228.7 m (750 ft) of buff, pink to red, 

fine- and very fine grained sandstone and siltstone. Bissell (1969, 

figure 8) includes a labeled photograph of the interval, so there is 

little doubt about what interval he is discussing. I could not find 

750 ft of the lithologies Bissell mentioned in the upper slope unit. My 

own estimate of the interval thickness (88.4 m or 290 ft) and my own ob

servations of the lithologies present agree closely with the description 

presented by Welsh (1959).

Underlying the upper slope member is a steep slope or cliff of 

pale grey, pale pink, and pale red, planar tabular cross-bedded and 

horizontally bedded, very fine grained sandstone. The unit is similar
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Springs Range.



Figure 11. North Bird Spring Range. —  North Bird Spring Range, look
ing south toward Wilson's Tank. Kaibab and Toroweap For
mations cap ridge at right. Upper slope unit and middle 
cliff unit of red bed sequence are clearly discernible; 
lower slope unit is exposed in lower part of cliff in left 
center part of photo and as isolated hogbacks protruding 
from alluvium in center foreground. Photograph was taken 
while standing on dolomitic sandstones in the upper part 
of the Pakoon Formation. Total difference in elevation 
between ridge top and valley floor is 800 ft (about 250 m)
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Figure 11. North Bird Spring Range.
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in lithology and appearance to the Queantoweap Sandstone exposed at 

Frenchman Mountain 48 km (30 mi) to the northeast. Welsh (1959) as

signed this unit to the upper part of the Hermit Formation and measured 

the sandstone unit as 164.6 m (540 ft) thick. He combined this unit 

with some of the underlying slope unit to form his Hermit Formation in

terval, with a combined thickness of 228.7 m or 750 ft. Bissell (1969) 

assigned the sandstone unit to the Queantoweap and reported the thick

ness of the unit as 94.5 m (310 ft) which agrees closely with my esti

mate of interval thickness. Bissell describes the sedimentary structures 

of this unit at length and suggests it was deposited as shallow marine 

sand bodies under the influence of southward-flowing currents.

Welsh (1959) divided the lower slope unit into three intervals, 

as follows, top to bottom:

1) 56.4 m (185 ft) —  Red siltstone with thin dolomite beds near 

the base which he assigned to the lower part of the Hermit For

mation. My estimate of the interval thickness is about 27 m 
(90 ft).

2) 93.0 m (305 ft) —  Interbedded red siltstones and very fine 

grained sandstones which he assigned to the Queantoweap Sand

stone. I measured this interval (Appendix A) and obtained a 

thickness of 69.55 m (228 ft).

3) 71.6 m (235 ft) —  Red siltstone which he assigned to the "red 

siltstone marker." I measured this interval (Appendix A) and 

obtained a thickness of 50.5 m (166 ft).
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Bissell (1969) assigns all of the lower slope unit to an unnamed red bed 

sequence and reports it as being about 107 m (350 ft) thick.

The red bed sequence just described conformably rests upon dolo- 

mitic sandstones and dolomites that Welsh (1959) assigned to the Pakoon 

Formation. Welsh collected several fusilinids from the lower part of 

the Pakoon that he considered diagnostic of a Wolfcampian age.

I cannot agree with Welsh's correlation of the lower slope unit 

to the red siltstone marker and Queantoweap units as exposed at French- 

• man Mountain. The lithologies are too divergent in nature. Nor can I

readily accept Bissell*s correlation of the sandstone interval, near the 

middle of the clastic sequence in the North Bird Spring Range, with the 

Queantoweap, at the base of the clastic sequence at Frenchman Mountain. 

Although Bissell*s correlation is more plausible, I cannot accept either 

of these suggested correlations until more detailed studies are done.



SEDIMENTARY FACIES 
WITHIN THE QUEANTOWEAP

Introduction

Although each studied bed is unique, each can be assigned to one 

of several major classes based on a variety of related sedimentary 

structures and lithologies. I refer to these classes as facies 

(Teichert, 1958) and assign each a name reflecting a dominant sedimen

tary structure; however, not all units in a facies contain the name- 

giving structure.

Tabular Planar Facies

Medium- to large-scale, tabular planar cross-strata with tangen

tial bottom contacts are a common feature in this facies. Cross-strata 
sets vary between .25 and 25 m in thickness, but are typically 1-4 m in 

thickness. Dips average between 22 and 24°, and the direction of dip is 

consistently to the south. The lithology is very fine to fine-grained, 

subangular to subrounded, quartz-rich sandstone with a minor to subequal 

amount of well-rounded, frosted, medium sand grains present. Silica 

overgrowths and poikilotopic carbonate minerals are the most common ce

ments. Because of the characteristic cross-stratification style and 

several subaerial sedimentary structures, I interpret this facies as be

ing eolian in origin. It is a major component of the Queantoweap Sand

stone in the Virgin River Gorge and at Lime Kiln Canyon, and is a minor 

component in the Whitmore Wash measured section.
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In the Virgin River Gorge, this facies is well developed near 

the top of the measured section and in the overlying "Coconino Sand

stone." The cross-stratification in its simplest form is in 1-25 m thick 

thick sets of tabular planar cross-strata with sweeping bottom contacts 

(Figures 12,13). Some and perhaps all of these cross-strata sets repre

sent the lateral migration of large slipfaces, crescent-shaped in plan 

view, which are partially exhumed by erosion at some localities (Figure 

14). Some of these units can be traced laterally in the direction of 

slipface migration for distances of several kilometers.

Separating the large-scale tabular planar units are widespread 

planes of erosional truncation. Structureless to irregularly, horizon

tally bedded silty sandstones of small lateral extent occupy low spots 

on these surfaces. Near the top of the Queantoweap interval, moderate 

red-brown siltstones of the intertonguing Hermit Formation are present 

on these surfaces. Peirce (1964) and Stokes (1968) have interpreted 

similar surfaces in the DeChelly and Navajo Sandstones, respectively, as 

representing wind deflation surfaces, controlled by the presence of an 

underlying water table.

In Unit 8 at the Virgin River Gorge and Unit 8 at Lime Kiln Can

yon, a more complicated variety of cross-stratification is present. 

Simple, large sets of tabular planar cross-stratification are vertically 

interbedded and laterally equivalent with cosets of wedge planar and 

tabular planar cross-strata. Sets within these cosets are not separated 

by originally horizontal surfaces but by gently inclined (2-12°) planar- 

to trough-shaped surfaces dipping to the south (Figure 15). Peirce
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Figure 12. Unit 10, Virgin River Gorge. —  Large-scale, tabular planar 
cross-strata. Note person standing near top of unit at 
center left.



Figure 13. Unit 15, Virgin River Gorge. —  Base of a large-scale tabu
lar planar cross-strata unit. Notebook (far left) is about 
13 by 19 cm.
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Figure 14. Crescentic Slipface. —  Large-scale tabular planar cross
strata. Unit 15, Virgin River Gorge. Units in the pre
ceding photo are truncated by inclined erosion surface un
derlying cross-laminations on right side of photo. Total 
thickness of this unit is about 8 m.
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Figure 15. Unit 8, Lime Kiln Canyon. —  Lateral coset of cross-strata. 
Backpack on outcrop is about .5 m in length.
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(1962) described similar sets in the DeChelly Sandstone and proposed the 

term "lateral coset of cross strata." Surfaces bounding these inclined 

sets most commonly are truncated by the deflation surfaces previously 

described. Or they may flatten laterally and become the separating sur

face between two tabular planar sets of cross-strata. Cross-laminations 

within the inclined sets are similar to cross-laminations in the large- 

scale tabular planar sets, although they are of smaller scale. Most 

laminations have sweeping, tangential lower contacts. In the up-dip, 

stratigraphically higher end of the inclined set, cross-laminations may 

have abrupt basal contacts, while the cross-laminations in the same set 

in the stratigraphically lower end of the unit may have sweeping, tan

gential basal contacts.

In both the large-scale tabular planar sets and the smaller 

scale lateral cosets, the cross-laminae are commonly in bundles, or in

trasets, a few centimeters to several tens of centimeters thick. The 
discordancy between the bundles is more pronounced near the top of a 
cross-strata set.

Brookfield (1977) has recognized a three-fold classification of 

bounding surfaces in eolian sandstones. First-order surfaces of Brook

field correspond to the laterally extensive deflation surfaces of Peirce 

(1964) and Stokes (1968), although Brookfield rejects the water table- 

deflation hypothesis for their development. The second-order bounding 

surfaces of Brookfield are the inclined surfaces which define the later

al cosets of Peirce (1962). The third-order surfaces of Brookfield are 

the minor discordances separating bundles of cross-laminations.
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Tabular planar cross-stratified units in the Queantoweap do not 

have a constant strike parallel to depositional strike like the illus

trated model of eolian tabular planar cross-strata presented by McKee 

(1979b, p. 192). Units in the Queantoweap have continuously curving 

cross-strata strikes when traversed in a line parallel to depositional 

strike. A conceptual model that I have found useful in the field is to 

think of the large tabular planar sets in their simplest form as repre

senting thin slices of very large wedge trough units (Figure 16). The 

upper part of the trough has been removed by later erosion, while the 

lower part of the trough never formed, possibly due to the presence of a 

high water table. If the size of the troughs is reduced with respect to 

the preservable thickness, the lower bounding surfaces of the troughs 

become more frequently preservable; they may represent the second-order 

surfaces which separate the lateral cosets (Figure 16).

An interesting outcrop of siliceous, cross-stratified sandstone 

of the tabular planar facies occurs 2 km (Ik mi) west of the mouth of 

Purgatory Canyon in the Virgin River Gorge. This unit occurs strati- 

graphically about 167 m (550 ft) below the base of the Toroweap Forma

tion. At this locality, the interstate highway crosses the Virgin River 

and enters a roadcut in a cliff of siliceous, cross-stratified sandstone. 

The sandstone is in 2-8 m thick beds separated by extensive horizontal 

truncation surfaces. Moderate red-brown siltstone of the "Hermit" li

thology occurs along some of the truncation surfaces. Below the level 

of the roadcut, the sandstone units are 5-8 m thick and contain 1-4 m 

thick tabular planar and wedge planar sets of cross-strata with high- 

angle dips to the south. Bottom contacts of cross-laminae are
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'10m.

Figure 16. Cross-stratification Model for Eolian Sandstones of the
Queantoweap. —  All block diagrams are of the same scale and 
have much vertical exaggeration.

A. Large-scale, tabular planar cross-stratification. Notice 
that the strike of slipfaces systematically varies.

B. Large-scale, tabular planar to wedge trough cross
stratification. Bounding surfaces of troughs are rarely 
encountered; when encountered, they define lateral cosets. 
Because of their great dimensions with respect to outcrop 
area and their small degree of curvature, they visually 
appear to be planar surfaces. In outcrops where trough- 
bounding surfaces are not exposed, this cross
stratification style resembles block A.

C. Large- to medium-scale, wedge planar to wedge trough 
cross-strata.
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tangential. The overlying beds exposed in the roadcut are thinner (2-3 

id) and contain inclined second-order surfaces separating cross-laminated 
units *4-1 m thick. Examination of the roadcut, cut at right angles to 

the direction of current flow, suggests that these inclined sets are 

very broad (15-30 m wide) wedge trough sets (Figure 17). Cross- 

laminations within the troughs and the trough axes dip to the south.

Some of the cross-laminations at the base of troughs are form-concordant 

to the troughs, while cross-laminations higher in the troughs are form- 

discordant. Unfortunately, the depositional environment of this unit is 

debatable, as no distinctly subaerial features are exposed on this out

crop. The petrology of the sandstones is similar to known subaerially 

deposited sandstones, and the interbedded "Hermit" lithology has petro

graphic characteristics suggesting early-stage, vadose or phreatic zone 

diagenesis.

Laminations in the tabular planar facies are commonly between *s 

and 3 cm thick. In the upper parts of a cross-laminated set, sand grains 

from the coarser mode of the bimodal grain size distribution are rela

tively scarce and occur mixed with the finer mode. Lower in a cross

set, the coarser grains are less scarce and occur in the upper part of 

laminations, giving each lamination a coarsening-upward appearance.

Near the base of a cross-strata set, the coarser sand grains are common, 

and the two grain size modes frequently will be segregated into separate 

cross-laminations, 1 cm or less thick. Dispersive pressure, caused by 

the larger grains being exposed to a greater differential shear force, 

tends to move larger grain sizes to the edges and surface of an ava

lanching sand body and would explain this texture.



51

Figure 17. Wedge Trough Cross-strata. —  Sketch of broad, wedge trough 
cross-strata exposed in roadcut. Virgin River Gorge. See 
text for location. Vertical striations are drill holes.
When viewed in exposures at right angles to this exposure, 
the second-order bounding surfaces are gently inclined, dip
ping to the south, and are planar to gently concave upward. 
Second-order surfaces near the base of the unit are more dis
tinct due to the siltier nature of some of the laminations. 
This outcrop is 3 m above roadcut base and is very difficult 
to examine except from a distance. Dark lines: first-order
surfaces. Light lines: second- and third-order surfaces.
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Figure 18 is a freehand sketch of grain size relationships at 

the base of a large-scale cross-bed. The sweeping, tangential lower 

contacts of cross-strata commonly overlie a few centimeters or less of 

horizontally laminated sandstone. The two grain sizes within these 

horizontal laminations are distinctly separated, suggesting that they 

travel as separate populations when not in the slipface environment.

Cross-strata Analysis

The direction and degree of dip of cross-strata in the tabular 

planar facies of Lime Kiln Canyon and the Virgin River Gorge is remark

ably similar (Appendix B , Figures B-l,B-2,B-3). Comparisons of the cur

rent vector data from both localities using the F-statistic and the T- 

statistic support the hypothesis that they are samples from the same nor

mal population. The mean current vector is N164°E, and the estimated 

standard deviation is about 34.5°.

Average dip for the Virgin River Gorge cross-strata is estimated 

at 24.6°, while the estimated Lime Kiln Canyon mean dip is 22.65°. 

Standard deviations are 4.1 and 5.8°, respectively. Comparisons of these 

sample populations with the F- and T-statistics rejects the hypothesis 

that they are samples from the same normal population. Bar graphs of 

dip data suggest that the Lime Kiln Canyon dip data is bimodal (Appendix 

B, Figures B-l,B-2,B-3). Splitting the Lime‘Kiln Canyon data into two 

populations, one with dips less than or equal to 22° and one with dips 

greater than 22°, was done. Cross-strata type, thickness, location in 

section, and bearing and dip of poles of cross-strata surfaces prior to 

correction for regional rotation were compared. The lower dip readings
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Figure 18. Grain Size Relationships at the Base of a Tabular Planar 
Cross-strata Unit. —  Free-hand sketch of a sample (VG 10) 
taken from the base of a large-scale, tabular planar cross
strata unit. Unit 8, Virgin River Gorge.

A. Sweeping, tangential lower contact of cross-strata unit. 
Very fine to fine-grained sandstone, subrounded, inter- 
laminated with thin laminations of well-rounded, medium 
sand grains. Medium sand grains also occur locally near 
the top of fine-grained sand laminae. Cemented with si
lica and clear, sparry calcite.

B. Very fine grained sandstone, very tightly cemented with 
noncalcareous cement, horizontally bedded.

C. Laminated, medium- and very fine grained sandstone. Very 
friable. Frosted, well-sorted medium sand grains with 
thin interlaminations of very fine grained sandstone. 
Coarser laminations cemented with clayey, very fine 
grained calcite cement. Limonite stains in irregular 
shapes common.
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are from cross-strata with a smaller average thickness, but it is not a 

significant difference when tested with a .10 level T-statistic test.

The only significant difference between the two populations at the .10 

level is that one population has lower dip readings. I conclude that 

the bimodal nature of cross-strata dips at Lime Kiln Canyon is unrelated 

to any of these other factors. It may be the result of sampling errors. 

Cross-strata at Lime Kiln Canyon are in thinner sets than those at Vir

gin River Gorge. They are poorly exposed; also, downslope displacement 

of Queantoweap Sandstone blocks is more common.

The relative abundance of lateral cosets at Lime Kiln Canyon and 

the presence of very large (over 20 m) sets of planar tabular cross

strata at Virgin River Gorge is reflected in bar graphs of measured 

unit thickness (Appendix B , Figures B-l,B-2,B-3). The relative abun

dance of readings from the 16 m thick interval at Virgin River Gorge is 

due in part to a long traverse I made along Unit 10 while studying its 

structure. It is also due in part to the relative ease of collecting 

cross-strata readings from the very large scale units, which are more 

siliceous and better exposed.

In conclusion, the relatively small variance in cross-strata dip 

directions and the similarities in the dip directions for two sample 

populations widely separated in space are not at odds with an eolian 

interpretation. The more southerly exposure (Lime Kiln Canyon) has 

smaller sets, more abundant lateral cosets, and a more complicated dis

tribution of degree of dip values. This suggests that the preserved 

dune forms, irrespective of their origin, were larger and structurally
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less complicated toward the north, closer to the sand source as inferred 

from dip directions.

Other Primary Sedimentary Structures

Low-amplitude ripples are rare on slipfaces of some of the more 

siliceous units at Line Kiln Canyon and the Virgin River Gorge. Ripples 

have wavelengths of 8-16 cm and amplitudes of .5 to less than .1 cm. 

Ripple indices from 9 ripples from both localities vary from 30 to 69, 

with an average value of 48. Larger values may in part reflect the dif

ficulty in measuring the amplitude of such low-amplitude ripples. The 

ripples are slightly asymmetric in form, with either rounded or slightly 

peaked crests. They are subparallel, straight to slightly sinuous, with 

considerable lateral continuity. Orientation is usually subparallel to 

the direction of dip. Sharp (1963) reports that wind ripples have high 

ripple indices, although Queantoweap ripple indices are higher than val

ues he measured for present-day ripples in the Kelso Dunes of southern 

California. However, Sharp reports that ripple index varies inversely 

with the grain size of the sediments, and the Queantoweap Sandstones 

are much finer grained than the sediments Sharp studied. McKee (1979b) 

reports that ripples with high ripple indices are found in many sand

stone bodies thought to be eolian in origin but are usually not abun

dant. McKee feels that a certain amount of adhesion, perhaps due to dew 

or light rain, is necessary for ripple preservation.

A variety of ripple mark(?) seen on some slipfaces of Unit 8 in 

Lime Kiln Canyon is similar in form but has a flat top (Figure 19). 

Greenwood (personal communication, 1977) reports that similar structures
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Figure 19. Ripple (?) Structure. —  Flat-topped ripple (?) marks on a
cross-strata slipface in very fine grained, silica-cemented 
sandstone. Unit 8, Lime Kiln Canyon.
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are found in the Navajo Sandstone of southwest Utah. As they form on 

slipfaces of large-scale cross-strata, their origin cannot be attributed 

to shallow-water formation and a later bevelling of crests by a lowering 

of water level. Sharp (1963) reports that wind ripples are composed of 

fine sandstone platforms supporting a crest of coarser grains. Reineck 

and Singh (1975) have published x-ray radiographs of wind ripples, con

firming this fact. Perhaps these ripple-like structures are regularly 

formed wind ripples with coarser grains on top. A change in conditions 

may have modified the ripples by making the coarser grains more easily 

erodible than the finer ones. Supplying very fine sand grains with a 

thin film of moisture greatly increases their resistance to wind ero

sion (Bagnold, 1941).

Wind ripples (?) with distinctly coarser grain sizes on the crest 

are present in Unit 8 in Lime Kiln Canyon. The coarser grains occur as 

streaks on the. slipface of large tabular planar cross-sets. In appear

ance they are thick lineations of coarser ( % - % mm diameter) sand over- 

lying a bimodal fine-grained sandstone. The orientation of the streaks 

is subparallel to the dip of the cross-strata, diverging from the true 

(corrected for regional tilting) bearing of the dip by 4-41*. Because 

of this divergence from true dip, I do not think they could represent 

the flow of material down the slipface.

Burrows %-l cm in diameter and irregular in form are present on 

some exposed slipfaces. The burrows pass through the slipfaces, and 

were formed after the slipfaces were covered. Ahlbrandt, Andres, and 

Gfynne (1978) report that bioturbation is a common feature of
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present-day eolian sands and should be common in all post-Carboniferous 

eolian sandstones.

Footprints of small vertebrates similar to those in the Coconino 

and DeChelly Sandstones (McKee, 1933; Peirce, 1963) are common in Unit 

10 of the Virgin River Gorge section (Figure 20). Tracks are about 2 cm 

in diameter and always are oriented going up the slipface. Tracks re

sembling the footprints of large scorpions similar to those in the Coco

nino (McKee, 1979) are present on a few surfaces of the Lime Kiln Canyon 

section.

Pierce (oral communication, 1977) reports that raindrop impres

sions are present in the Queantoweap Sandstone in Lime Kiln Canyon, but 

none were encountered in my investigations.

Grain Size Distribution

Attempts to determine depositional environments on the basis of 

graphic treatment of grain sizes have shown it is not the definitive 

tool earlier workers had hoped (Picard, 1977). However, within a depo

sitional system, different subenvironments are characterized by differ

ent methods of sediment transport and deposition, which may leave dis

cernible imprints on the final sediment textures (Mason and Folk, 1958). 

I will not argue that any sediment textural parameter is definitive of 

a particular environment, but will compare the sediment textures to the 

inferred depositional and transport processes.

Sediments of the tabular planar facies are fine- to very fine 

grained sandstones (Figure 21, Table 1). Unimodal, very fine grained 

sandstones are well sorted, while bimodal sandstones are moderately well



Figure 20. Footprints in the Tabular Planar Facies. —  Vertebrate foot
prints preserved on slipfaces of Unit 10, Virgin River 
Gorge. Footprints are oriented going up-slope and are about 
2 cm wide.
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GRAIN SIZE IN PHI UNITS
Figure 21. Cumulative-probability Grain Size Distributions for Tabular

Planar Sandstones. —  Threa sandstones from the tabular plan
ar facies, Unit 8, Lime Kiln Canyon. All samples are from 
cross-strata laminations.
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Table 1. Grain Size Distribution Parameters for Sandstones of the 
Tabular Planar Facies.

Sample
Sample Hz' h

Q
H SkI1 V Comments

IK 14 3.33 CMo\ +•16 2.22 mod. calc., weakly bimodal, 
coarsening upward lamina. 
Unit 8, Lime Kiln Canyon

IK 20 3.24 (.47 ) (+.25) (1.53) very calc. Unit 8, Lime 
Kiln Canyon

IK 21 3.42 .40 +.35 2.63 slightly calc. Unit 8, 
Lime Kiln Canyon.

IK 8
XS.E.2
3.01

aS.E.2
.54 silica-cemented. Unit 5, 

Lime Kiln Canyon.

VG 1 3.12 .57 silica-cemented, weakly bi
modal, trough cross- 
bedded west of Purgatory . 
Canyon, Virgin River Gorge.

SG 20 3.51 .76 Hermit lithology, top of 
measured section, very silty 
and much early diagenesis 
carbonate.

Sk%, and Kq are the graphic mean, inclusive graphic standard 
deviation, inclusive graphic skewness, and graphic kurtosis of Folk
(1974). Values in parentheses are estimated in part for distribution 
IK 20, which was analyzed only for the 1-4 phi interval (10% of sample 
is silt and clay).
^Xg.E. qnd os.E.are sieve-equivalent mean grain size and standard devi
ation of thin section data, using the regression equations of Friedman 
(1962).
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sorted to moderately sorted. Even the bimodal sandstones with weakly 

developed coarser populations are positively skewed due to the presence 

of a poorly sorted silt and clay population, which composes 8-15% of all 

samples. All samples are leptokurtic.

Sandstones from the upper parts of tabular planar sets have a 

weakly developed or non-existent coarse mode in the 1-3 phi size range 

and a very strongly developed, fine mode with a mean grain size of about 

3.3 phi (about .10 mm). Weakly bimodal sandstones, generally from the 

base of the cross-strata sets, have a well-developed coarser mode at 

about 1.5 phi and a dominant mode at about 3.3 phi. The silt population 

is larger in the bimodal sandstones. Ttoo to five percent of all samples 

fall into the clay range, which may be diagenetic in part or in whole.

All samples show a sudden break in the grain size distributions at 3.7 

phi (about .08 mm).

Eolian sands from modern environments are most frequently medium- 

to fine-grained sand, although very fine grained sands have been reported 

(Ahlbrandt, 1979). A personal acquaintance of mine, Dr. Myles Maxfield 

of Rockville, Maryland, who has travelled extensively in the Middle East, 

reports that the Saudi Arabian eolian sands are much finer grained than 

common American beach sands, "almost like flour." Friedman (1961) and 

Folk (1971) have noted that eolian sandstones are commonly positively 

skewed, which Folk attributes to the mixing of a dominant saltation popu

lation and a small amount of suspension fallout. Folk (1971) also re

ports that bimodal sandstones are a common characteristic of desert en

vironments. Folk attributes this to processes in the interdune (reg) 

areas. By his model, the saltation population is removed from the reg
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surface, leaving behind grains too large to readily saltate and the very 

fine sands, which are too fine to be readily eroded. Folk (1971, 1977) 

reports that many eolian sandstones are bimodal with mean modes near 1.5 

and 3.5 phi.

BagnoId (1941) did experiments in the laboratory and in the . 

field to investigate the mechanisms of sand movement in wind. Bagnold 

found that considerably more wind velocity is needed to erode undisturbed 

grains of very fine, dry sand. Hjulstrom (1936, quoted by Bagnold, 1941) 

had earlier noted the same phenomena for water, but the size of the most 

easily eroded grains is much coarser for water than for air. Figure 22 

is a comparison of the fluid threshold velocities for grain erosion in 

air and water superimposed on the cumulative grain size distribution of 

a weakly bimodal sandstone from Lime Kiln Canyon. Several things should 

be noted:

1) The most easily eroded grain size for water is medium- to fine

grained sand (about 2.2 phi), but for air the most easily eroded 

grain size is very fine sand (about 3.5-3.8 phi). Folk's (1971) 

interpretation of the presence of very fine grained sand in bi

modal, eolian sandstones is based upon the assumption that very 

fine grained sand (2.5-3.5 phi) sand is least likely to be re

moved by saltation.

2) Grains finer than .08 mm (about 3.7 phi), in addition to being 

increasingly more difficult to erode in the wind regime, behave

' differently once eroded. Bagnold (1941) has shown that for com

mon wind regimes, grains finer than .08 mm cease to move by sal

tation but enter the suspension mode of transport.



Figure 22. Fluid Threshold Velocities for Initial Grain Motion. —  Su
perpositioning of a weakly bimodal tabular planar facies 
sandstone and threshold fluid velocity curves. Values for 
the fluid threshold velocity curves were read from Bagnold’s 
(1941) curves. For air, the ordinate is drag velocity (V*). 
The curve for water is based upon Hjulstrom's original curve, 
as reproduced by Bagnold (1941), and velocity is not drag 
velocity but mean velocity of water flow.
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GRAIN SIZE IN PHI UNITS

Figure 22. Fluid Threshold Velocities for Initial Grain Motion.
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In summary, the grain size distributions are not at odds with an 

eolian interpretation. The subangular to subrounded, very fine sand 

grains that compose the bulk of the tabular planar facies may have moved 

by saltation, even in a gentle wind regime. The medium-grain sized, 

well-rounded, frosted sand grains that are prevalent in the basal parts 

of the tabular planar sets and in the thin horizontally bedded interbeds 

may represent a surface creep population (rollers) in a wind regime.

The sudden break in grain size distributions at .08 mm coincides with a 

natural break in grain movement behavior for eolian regimes. Grain size 

distribution parameters are similar to those of other sandstones that 

have been interpreted as eolian.

Petrology

The mineralogical composition of detrital grains in all facies 

of the Queantoweap is very similar. Using the textural and mineralogical 

classification schemes of Folk (1974), the sandstones are mature subar- 

koses. Many of the bimodal sandstones are texturally inverted to subma

ture subarkoses due to the poorer sorting produced by the two well-sorted 

modes occurring in one specimen. A problem arises when applying Folk’s 

textural classification to these rocks due to the very fine grained na

ture of the Queantoweap sandstones. Folk’s classification is intended 

for use in comparing fine and medium sand grain factions. When medium 

sand grains are present, they are rounded to well-rounded, which would 

imply that these sandstones are supermature. But the sandstones with 

the rounded, medium sand grains are the most poorly sorted, which would 

make them texturally inverted submature sandstones.



66

Quartz composes 75-85% of the detrital grains. About a tenth of 

the quartz grains are polycrystalline with straight or (infrequent) su

tured contacts. Feldspars compose 15-20% of the detrital grains. Clear, 

relatively fresh orthoclase is the dominant variety; it commonly has 

overgrowths. Plagioclase and microcline occur in minor amounts; both 

are commonly partially altered to clay. Rock fragments in the eolian 

facies compose 5% or less of the sands. In some of the' samples, the 

dominant rock fragments are well-rounded, detrital carbonate grains; 

these are a mosaic of interlocking carbonate rhombs, the rhombs being 

.02-.05 mm in diameter, dirty looking, and outlined with iron oxide coat

ings. Chert grains compose 1 or 2% of some samples. The most commonly 

present rock fragments (but always as about 1% of the sample) are quartz 

and potassic feldspar composite grains. If microcline is the feldspar 

in the composite grain, it commonly is altered in part to coarse illite 

blades.

The earliest diagenetic events were deposition of poikilotopic 

calcite cement, if present, followed by deposition of silica overgrowths. 

These cements frequently were controlled in part by lamination (Figures 

23,24). Most sandstones in the tabular planar facies have very well de

veloped silica overgrowth cements. Very fine clay and hematite (?) dust

ings may define original grain boundaries, while coarse illite blades 

may be concentrated between silica overgrowth faces or on original grain 

boundaries.

Concurrent with or post-dating silica overgrowths are small (.05

mm) rhombic carbonate grains. Iron oxide stains within the carbonate
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Figure 23. Calcite Sand Crystals in the Tabular Planar Facies. —  Areas 
of poikilotopic calcite are controlled in part by cross- 
lamination. Unit 15, Virgin River Gorge. Backpack in lower 
right corner is about one-half meter in length.
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Figure 24. Siliceous Laminae in the Tabular Planar Facies. —  Well- 
indurated, siliceous cemented laminae interlaminated with 
more porous, silica- and carbonate-cemented laminae within 
a tabular planar set. Unit 8, Lime Kiln Canyon. Pencil is 
about 12 cm in length.
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rhombs define two rinds. The consistent size of the rhombs, their pres

ence in sandstones from differing facies and localities, and the consis

tent pattern of the iron oxide rinds suggest that they formed in uniform

ly widespread, relatively deep diagenetic conditions. Later iron oxide 

pigments are sometimes concentrated near the rhombs. A third period of 

carbonate diagenesis is represented by irregular, pore-filling, clear 

sparry calcite, commonly nucleated around the earlier carbonate rhombs.

The carbonate rhombs do stain with Alizarin red-S, but commonly in a 

mottled, somewhat weak fashion when compared to the associated sparry 

calcite.

Associated Facies

Several units of minor volumetric importance are found inter- 

bedded with the tabular planar units and are considered part of the tab

ular planar facies.

Unit 7 in the Virgin River Gorge section is similar in petrology 

to other sandstones of the tabular planar facies. However, the dominant 

stratification is medium-scale wedge trough and festoon cross-lamination. 

Lower lamination contacts are tangential and coarser sand grains are con

centrated in the lower parts of the cross-bed (Figure 25). Cross-strata 

dip predominantly to the south (Appendix B, Figure B-2). A comparison of 

the estimated variances for Unit 7 cross-strata and the tabular planar 

cross-strata shows a significantly greater variance (at the .10 level) in 

the unit 7 current vectors. However, the probability of a type II sta

tistical error for such a small sample is great; I cannot say with confi

dence that the two populations are significantly different.



Figure 25. Trough Cross-strata, Tabular Planar Facies. —  Base of a
trough (in this case, a medium-scale festoon unit). Unit 7, 
Virgin River Gorge Section. Note the concentration of me
dium sand grains in the base of the cross-sets and their 
scarcity in the upper parts.



Because of the siliceous cement, bimodal grain size, distinct 

lamination, and tangential lower contacts, I feel this unit is closely 

related to the tabular planar facies in its genesis. It probably repre

sents eolian sand deposition by small coastal dune forms, perhaps inter

acting with vegetation. Similar deposits have been described from the 

coastal sand dunes of Padre Island, Texas (McKee, 1957).

Structureless to indistinctly, horizontally bedded, silty sand

stones of small lateral extent occur interbedded with the tabular planar 

sets. Some of these units are bioturbated in their lower parts. Peirce 

(1963) has interpreted similar units in the DeChelly as being interdune 

deposits, partly of subaqueous origin. These units are softer than the 

tabular planar units and are poorly exposed. Hand specimen examination 

suggests that the silty nature of these units and, in some, the presence 

of fine-grained carbonate cements has greatly reduced their permeability. 

This may have inhibited the later development of silica overgrowths or 

poikilotopic carbonate cements, which make the cross-stratified units 

so resistant to weathering.

In the upper part of the Virgin River and Lime Kiln sections, 

thin to thick beds of horizontally bedded, platy, calcareous, moderate 

red-brown silty claystone, siltstone, or very fine sandstone occur in

terbedded with the tabular planar sets. I refer to all of these non

cross-stratified beds collectively as the "Hermit" lithology. In some 

exposures, a moderate red-brown "Hermit" lithology unit is pale yellow- 

orange, silty sandstone in its base or laterally. This lithology is 

indistinguishable from the structureless silty sandstones discussed in 

the previous paragraph. The boundary between the two colors is abrupt

71
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and irregular. A thin section from such a unit (SG 20) has an estimated 

mean grain size (after Friedman, 1962) of 3.5 phi and an estimated stan

dard deviation of .76 phi. Mica flakes are present. The detrital grains 

are floating in a matrix of hematite cement and subhedral to irregular 

carbonate rhonbs. The rhombs are in a variety of sizes, from several 

microns to .02 mm. No hematite is present in irregular areas a few mil

limeters across, where the grains are cemented by carbonate rhombs and 

cherty silica cement. Throughout the thin section, illitic(?) clay 

flakes are common. The floating nature of the detrital grains and the 

variability in crystal size and shape of the cements is suggestive of 

early diagenetic, vadose zone cementation.

Summary of Eolian Criteria

A variety of criteria for recognizing eolian deposits have been 

proposed (Glennie, 1970; Collinson, 1978; Goldsmith, 1978; McKee, 1979a). 

Criteria relevant to the tabular planar facies can be separated into 

three categories.

Criteria Based upon Eolian Bedforms. Large- and medium-scale 

cross-strata with high-angle dips, tangential basal contacts, and a nar

row range of current vector directions are often attributed to eolian 

sandstones (McKee, 1979b). Glennie (1970) thinks that small-scale cross

strata and variable, polymodal current vector orientation are also char

acteristic of some eolian regimes; According to McKee (1979b), most 

eolian stratification is tabular or wedge planar. Reineck and Singh 

(1975) think that most coastal dune deposits are characterized by numer

ous erosional discordances and trough cross-stratification. Goldsmith
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(1978) stresses that vegetated coastal dunes have polymodal current vec

tor orientations and bimodal dip distributions, one mode being low-angle 

(5-20°) and one mode being high-angle. Coastal dunes in arid climates 

do not develop as complicated an array of vectors.

Glennie (1970) recognized that barchan dunes have current vectors 

concentrated about one mean direction with most values within 30° of the 

mean. Peirce (1962) and Collinson (1978) report that the total spread 

in current vector distribution for barchan dune cross-strata may be as 

much as 160-170° due to the preservation of the barchan "horns." These 

observations agree with the observed mean, standard deviation, and total 

spread of current vectors for the tabular planar facies (Appendix B , 

Figures B-l,B-2,R-3). Trough-shaped units, like those in Unit 7 of the 

Virgin River Gorge section, have been reported in other eolian sand

stones such as the Coconino (McKee, 1934).

Although large, simple tabular planar cross-strata sets are often 

interpreted as eolian in origin (McKee, 1979b), modern studies of the 

internal structures of dunes reveal complicated cross-stratified cosets, 

bound by numerous inclined planar, trough-shaped, and irregularly shaped 

surfaces. This is especially true of coastal dune studies (McKee, 1957, 

1966; Bigarella, Becker, and Duarte, 1969; Goldsmith, 1978).

Criteria Based upon Eolian Sediment Transport and Deposition. 

Eolian transported sediments are dominated by a saltation population of 

medium- to very fine grained sand (McKee, 1979b.). Interbedded clay 

slips, abundant clay matrix, or clay beds are rare (Collinson, 1978).

The coarsest grains commonly moved by eolian transport are about 5 mm
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in diameter (CoHinson, 1978). Glennie (1970) emphasized that desert 

environments contain several interacting depositional processes, such as 

those present in wadis or coastal sabkhas, and the resultant sediment 

textures may reflect these various processes.

Eolian laminations are distinct, with clear differences in grain 

size between laminations, and individual laminations well sorted (Glennie, 

1970). Avalanche structures are diagnostic but uncommon (McKee, 1979b). 

Well-rounded frosted grains may indicate eolian processes, but diagenesis 

can produce similar appearing surfaces (Peirce, 1962; Glennie, 1970).

Criteria Based on the Subaerial Exposure of the Sediment. Eolian 

wind ripples are characterized by little or no internal structure, coars

er grains on the crest, and high ripple indices (Sharp, 1963). They 

commonly occur as laterally continuous, subparallel, low sinuousity 

forms on the slipfaces of cross-strata, oriented subparallel to the di

rection of dip (McKee, 1979b). Clear animal footprints oriented up-dip 

and raindrop impressions on cross-strata surfaces are also diagnostic 
(McKee, 1979b).

Comparison to Other Eolian Deposits

Many Permian formations in the western United States contain 

sandstone bodies interpreted as eolian in origin. The DeChelly and Co

conino Sandstones have already been mentioned. The Cutler Formation 

(Campbell and Steele-Mallory, 1979) near Moab, Utah contains eolian 

sandstones closely related to marine sediments. The eolian Cutler sand

stones are subarkoses, litharenites, and sublitharenites and contain
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1-3% carbonate grains, probably of local origin. Current vectors dip 

consistently to the east, which was onshore at this locality in Permian 

time. The Lyons Sandstone in Boulder County, Colorado is eolian in part 

(Walker and Harms, 1972). Eolian sediment transport was toward the 

southeast, south, and west. In northern Colorado, the Weber Sandstone 

contains eolian sandstones intercalated with fluvial, foreshore, shore- 

face, supratidal, sabkha, tidal flat, lagoonal, and carbonate bank de

posits (Fryberger, 1979; Lupe and Ahlbrandt, 1979). Throughout western 

Wyoming and norhernmost Colorado, the current vectors from eolian sand

stones in the Weber and its lateral correlatives are south to southeast 

(Fryberger, 1979).

Of special interest is the Cedar Mesa Sandstone, a probable 

stratigraphic correlative of the Queantoweap. The upper part of the 

Cedar Mesa contains trough cross-bedded, fine- to medium-grained, well- 

sorted subarkose which Mack (1977, 1979) has interpreted as eolian. 

Cross-bed sets in the Cedar Mesa eolian facies are from .3-3.5 m thick 

and average about .9 m. Well-developed laminae with different grain 

sizes within are characteristic. Low-amplitude ripple marks with ripple 

indices averaging about 50, small-scale slump structures, and horizontal 

burrows are also present in this facies. Paleocurrent data are undirec

tional, directed toward the southeast. The eolian sands are interbedded 

with red, massive to flaggy, structureless silty mudstone, similar to 

much of the "Hermit" lithology of the upper part of the Queantoweap.

Mack tentatively suggests they represent soil horizons, fluvial deposits, 

or ephemeral lake deposits.
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Wedge Planar Facies

Medium- to large-scale, tabular planar and wedge planar sets of 

cross-stratified sandstone characterize this facies. Cross-strata are 

high angle, planar to concave up, cross-laminated or very thinly cross- 

bedded. Most lower contacts are tangential, but smaller sets infre

quently have abrupt (torrential) lower contacts. Reactivation surfaces 

are common. Dips are consistently to the south. Five to ten meter 

thick cosets of this facies commonly form rounded benches separated by 

1-5 m thick covered slopes or reentrants developed on the associated 

flat-bedded facies.

The lithology is typically a very fine grained subarkosic sand

stone, similar to the sandstones of the tabular planar facies; but bi- 

mod al grain size distributions and silica cements are less typical. 

Cross-lamination is less distinct than in the tabular planar facies. 

Exposures are not as extensive as in the tabular planar facies due to 

the less siliceous nature of the wedge planar facies.

This facies is a dominant facies in the Frenchman Mountain, Paw's 

Pocket, and lower part of the Line Kiln Canyon sections. A similar fa

cies is abundant in Supai Group outcrops of the western Mogollon Rim, 

which Ron Blakey (personal communication, 1980) has interpreted as a 

subaqueous sand wave facies. It is also present in Naco Formation expo

sures at Fossil Creek.
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Cross-stratification

The internal geometry of a coset of the wedge planar facies is 

complex. Simpler internal geometries characterize the western exposures, 

while the exposures at Paw's Pocket are most complex.

A commonly observed vertical sequence is one large-scale set of 

cross-strata containing one or more reactivation surfaces (Figure 26). 

Cross-strata dips vary between 20 and 28°, while reactivation surfaces 

dip 5-15°. They are more prominent near a set's top. Toward the base, 

the reactivation surfaces are poorly developed or indistinguishable, due 

in part to the shallowing of cross-strata dips as the tangential lower 

contact is approached. Traced laterally, reactivation surfaces may be

come more prominent until they become the boundary between wedge planar 

units, or they may become indistinguishable from cross-lamination 

surfaces.

The base of a cross-strata unit is most commonly a flat conform

able contact resting upon horizontally laminated sandstone of the flat- 

bedded facies. In some instances, the cross-strata laminae, which 

approach the set base tangentially, do not thin and pinch out but con

tinue to extend below the set as horizontal laminae (Figure 27). In this 

fashion the underlying flat-bedded facies unit may thicken at the ex

pense of the overlying cross-bedded unit until the cross-bedded unit has 

pinched out. In a few exposures, the base of the cross-bedded unit is 

an erosional surface of less than a meter relief over a distance of hun

dreds of meters. The erosional surface prefers to follow previous bed

ding surfaces.
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Pale yellow-orange, calcareous, very fine 
grained sandstone; horizontally, irregularly, 
thinly bedded and structureless.

Light gray, calcareous, very fine grained sand
stone; large-scale, tabular planar sets, to 7 m 
thick, with reactivation surfaces. Bottom con
tacts tangential; may pass laterally into hori
zontally bedded sandstone as below. One or two 
.5-2 m wedge planar sets may be present at top 
of unit.

Light gray, calcareous, very fine grained sand
stone; horizontally laminated to thinly bedded.

Figure 26. A Wedge Planar Vertical Sequence. —  Unit 3, Lime Kiln Canyon.
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Figure 27. Base of a Wedge Planar Coset. —  This unit is part of the 
Esplanade Formation of Blakey (1979a) as exposed near 
Perkinsville, Arizona, northwest of Cottonwood.
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One or more small-scale wedge planar units may be present at the 

top or bottom of the coset. Laterally, more small- to medium-scale 

cross-sets occur in the top or bottom of the coset, until the entire co

set is composed of wedge planar and wedge trough, medium- and small-scale 

cross-strata (Figure 28).

In summary, vertical sequences of the wedge planar facies are 

varied and commonly unpredictable. The most predictable vertical se

quences are in the lower part of the Queantoweap Sandstone at Frenchman 

Mountain (Figure 29). Large-scale tabular planar cross-sets are under

lain and overlain by smaller scale wedge planar and wedge trough units. 

These pass gradationally into small-scale cross-strata and flat-bedded 

sandstones of the flat-bedded facies. Higher in the section, the wedge 

planar facies and the flat-bedded facies become progressively thinner 

and more ill defined.

The other extreme is the wedge planar units of the Esplanade 

Cliff unit at Paw's Pocket (Figure 30). The wedge planar facies is an 

intricate body of large-, medium-, and small-scale sets, separated by 

laterally continuous bedding surfaces or interbeds of the flat-bedded 

facies. Channels several meters deep occur throughout the interval.

Lateral relationships sometimes show consistent patterns within 

one sandstone body. These are generalized in Figure 31. I stress that 

this is a generalized facies model based upon many exposures; it was 

influenced by the work of Nio (1976), who constructed similar lateral 

facies models for several European units. I will divide the idealized 

sandstone body into up-current, middle, and down-current segments.
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Figure 28. Medium-scale Wedge Trough Cross-strata. —  Wedge-planar fa
cies. Photo taken while facing parallel to mean trough 
axes, looking into paleocurrent. Esplanade cliff unit, 
Paw's Pocket section.
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Silty or clayey, very fine sandstone; structureless to horizon
tally, thinly bedded, with some interbedded, very thinly bedded, 
low-angle cross-laminations and small-scale wedge trough cross
strata; bioturbated.

Very fine and fine-grained sandstone; large-scale tabular planar 
and wedge planar cross-strata, 1-10 m  thick, averaging about 
3.5 m. Base of unit is a very low relief scour, 1 m  maximum 
relief over 1 k m  distance. Commonly follows bedd i n g  planes in 
underlying unit. Cut into thin- and thick-bedded, horizontally 
bedded, structureless, silty sandstone. Laterally, the lower 
part of the sequence may be horizontally bedded, regular to 
slightly undulose, very thinly bedded to laminated; the lowest 
cross-strata set merges with this horizontal bedding tangen
tially. At other localities, climbing backflow toesets may be 
present in the lowermost cross-laminations. Laterally, this 
interval may be dominated by 1 m  thick, tabular planar and 
wedge planar cross-strata overlying horizontally bedded 
sandstone.

Very fine grained sandstone; medium-scale tabular planar cross
strata in sets .5-1 m  thick, tangential lower contacts. Cross
strata sets thicken upward.

Very fine grained sandstone; small- to medium-scale wedge trough 
to wedge planar cross-strata, in sets .1-.5 m  thick; tangential 
lower contacts. Gradational with overlying and underlying units.

Very fine grained sandstone; may be red, friable, gypsiferous 
cemented or pale grey to yellow, friable, calcareous cemented. 
Wave ripple and festoon lamination in highly irregular sets 
5-25 cm thick; laterally, may be structureless. Basal contact 
abrupt when exposed.

Red Siltstone Marker

Figure 29. The Lowermost Queantoveap, Frenchman Mountain



83

Top of Esplanade Cliff at Paw’s Pocket. —  Unit 32, the top 
unit in this photo, is 9.4 m thick.



Figure 32. Scours and Antidune (?) Structures in the Wedge Planar Fa
cies. —  Wescogame Formation, Paw's Pocket section, Unit 14. 
As this cross-stratified unit thickens toward the south (to 
the right outside the frame of this photo) the low-angle 
cross-laminations present in the upper right comer of this 
photo steepen in dip, while the total set thickness 
increases.



K--------------  0.5 to 2. Km. --------------------X

Figure 31. Idealized Sandstone Body of the Wedge Planar Facies.
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The up-current end of the sandstone body may originate within a 

sequence of flat-bedded sandstones or within, above, or below the down- 

current segment of a laterally adjacent wedge planar sandstone body.

Flat- and wavy-bedded sandstones deposited in upper flow regime condi

tions characterize the extreme up-current end. Scours and antidune 

structures may be present (Figure 32). One or two wedge planar cross- 

stratified units of small to medium scale are present down-current.

This interval thickens gradually and reaches maximum thickness in the 

middle segment of the sandstone body. Reactivation surfaces are scarce 

to common in the middle segment. In a down-current direction, reactiva

tion surfaces become more pronounced. The sequence passes laterally 

into small- to medium-scale wedge planar and wedge trough units of the 

extreme down-current segment (Figure 28). This is accompanied by a 

gradual thinning of the sandstone body.

The sand bodies of this model are one to several kilometers long, 

measured parallel to current flow, and are lenticular in cross-section. 

Because of outcrop limitations, the cross sections perpendicular to cur

rent flow are rare. They, too, seem to be lenticular in shape and of 

similar dimensions. I envision these model sandstone bodies as being 

laterally adjacent to each other, with the thinner marginal areas inter

leaved. In some instances, the up-current segment of one body overlies 

the down-current portion of the preceding. Sometimes the reverse is 

true. The total effect is similar to the imbricate structure of a box 

of salted or frozen sole, all placed in the box with their heads facing 

one way, and staggered so as to conserve space.
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Figure 32. Scours and Antidune (?) Structures in the Wedge Planar 
Facies.



Units 13 and 14 of the Virgin River Gorge section are well ex

posed laterally (Figure 33). Where the line of section crosses these 

units, they appear to be large-scale tabular planar units, similar to 

the overlying and underlying eolian units of Units 12 and 15 (Figure 34). 

However, laterally, Unit 13 is truncated by an inclined erosional trough 

(Figure 35) and Unit 14 is replaced laterally by a series of inclined 

medium- and large-scale wedge planar units (Figure 36) overlain by 

medium- and large-scale wedge trough units (Figure 37).

Laminations are usually not as distinct as in the tabular planar 

facies. A distinctive difference is the relative lack of separation of 

coarse sand grains from fine sand and very fine sand grains. Backflow 

toe ripples are present near the base of some sets. The continuation of 

laminae undiminished in thickness into underlying horizontally bedded 

sandstones (Figure 27) has already been mentioned. I infer that deposi

tion from suspension was a major factor in the formation of some of 

these sets, more so than in the tabular planar facies.

Cross-strata Analysis

The directions of dip of cross-strata in the wedge planar facies 

are consistently to the south (Table 2) (Appendix B, Figures B-4 to B-8) 

with a small opposed mode present in the Frenchman Mountain cosets. 

Comparisons of sample standard deviations with Bartlett's test (Walpole 

and Myers, 1972) and with the F-statistic suggest that all sample sets 

have equal variances except for the Lime Kiln data, which has an anoma

lously low sample standard deviation. This may reflect the limited out

crops of the Lime Kiln Canyon section. Comparisons of average dip

87



88

H-

FIG. 34 FIG. 37

MEASURED SECTION FIQ.3S

k m .

FIG. 36

H

Figure 33. Lateral Relationships of Units 13 and 14 of the Virgin River 
Gorge Section.
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Figure 34. Large-scale Cross-strata with Reactivation Surfaces. 
Unit 14, Virgin River Gorge.



90 

Figure 35. Truncation of Unit 13, Virgin River Gorge. -- View faces 
north-northwest. Inclined, shallow trough truncations such 
as this are common in the tabular planar facies also. 
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Figure 36. Medium- and Large-scale Wedge Planar Units Overlying Low-
angle Cross-laminated Units. —  Unit 14, Virgin River Gorge.
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Figure 37. Medium- to Large-scale Trough Cross-strata. —  Unit 14,
Virgin River Gorge. Note well-defined laminae and sweeping 
tangential lower contacts, similar to units in the tabular 
planar facies.
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Table 2. Summary of Cross-strata Orientations in All Facies.
Bearings3- Dips^

n X s. d. n Dip X s.d.
Wedge Planar Facies

FM3 55 202.64° 41.56° 55 20.7° 8.21°
LK4 18 186.20° 19.51° 16 22.4° 5.40°
VRG5 19 154.68° 49.12° 19 23.3° 2.89°
P.P.6 Esp. cliff 31 187.90° 34.83° 31 24.0° 4.21°
P.P., Wes. & Esp. 

•slope
23 160.43° 31.40° 23 22.2° 5.82°

Flat-bedded Facies

FM 23 153.78° 34.19° 23 18.8° 5.94°
LK 19 159.68° 28.67“ 19 28.0° 5.41°

VRG 15 174.73° 40.18° 15 24.4° 2.75°

Tabular Planar Facies

VRG 41 162.00° 35.84° 41 24.61° 4.06°

LK 40 165.78° 33.13° 40 22.65° 5.79°

^Bearings refers to the inferred direction of sediment transport in de-
grees east of north.
^Dips is the angle of inclination of cross-strata surfaces.
^Frenchman Mountain.
^Lime Kiln Canyon.
•’Virgin River Gorge.
Gpaw's Pocket in Whitmore Wash. Esplanade cliff unit, and the Wescogame 
Formation and Esplanade slope unit, combined.
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directions with the T-test suggest significant differences in mean flow 

directions at the various locations. The exception to this is the com

parison of the Esplanade Cliff at Paw’s Pocket with the Lime Kiln Canyon 

data, which have very similar sample means.

The degree of dip of wedge planar cross-strata sets averages 

21-24° at any location (Table 2), with significant differences in the 

standard deviations among the localities (Bartlett and F-tests). Dif

ferences in mean degree of dip are usually too small to be significant 

(by inspection and T-tests when applicable).

The wedge planar facies has cross-strata orientations similar 

to the tabular planar facies in degree of dip and variance of dip di

rection. However, the tabular planar facies has very similar cross

strata orientations at the two localities where studied, while the wedge 

planar facies has significant differences in average dip direction among 

most of the studied localities. It is possible that a regional study of 

cross-strata in the tabular planar facies would reveal more variability, 

in mean transport direction.

At localities where both facies occur, the two populations may 

or may not have similar paleocurrent flow directions. In general, the 

tabular planar paleocurrent directions are more easterly with an aver

age azimuth of about N164°E, while the wedge planar paleocurrent direc

tions vary from N155°E to N200°E.
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Other Primary Sedimentary Structures

Burrows(?) are present in the uppermost parts of Unit 14 of the 

Virgin River Gorge section (Figure 38). The structures are formed of 

poikilotopic calcite precipitated around former burrow or root-like 

structures; diameters of the resulting masses are typically 10-20 cm.

The structures extend in a horizontal plane less than 1 m below the top 

of Unit 14. At irregular intervals, single vertical forms extend upward 

from the principle burrow or root-form. The burrows are present only in 

the crest of the tabular planar set of Unit 14 (Figure 33).

In the same sandstone body but distal from the crest are very 

large burrows (?) exposed on the upper surface of the cross-strata set 

(Figure 39). A vertical rod, a few centimeters in diameter, extends 

down into the cross-stratified sandstone. Radiating in an irregular 

fashion from the central rod are horizontal, straight rods. The struc

tures are now formed of calcite-cemented sandstone. They do not now re

semble the burrows (?) discussed above.

Irregular burrows similar to those of the tabular planar facies 

are common in most wedge planar units. No fossils, tracks, trails, or 

ripple marks were observed in this facies. This may be partially due to 

the poor nature of cross-strata surface exposures, which results from 

the calcareous or friable silica cementation of this facies.

Grain Size Distribution

Sandstones of the wedge planar facies are fine- and very fine 

grained (Table 3). Mean grain sizes are generally slightly finer than 

the tabular planar facies mean grain sizes by about h  phi unit. Sorting
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Figure 39. Burrows (?). —  Unit 14, Virgin River Gorge. Notebook is 
19 cm in length.
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Table 3. Grain Size Distribution Parameters for Sandstones of the 
__________Wedge Planar Facies ♦_______ • : : ■ •

Sample Mz 01 SK]- k g Comments

FM 21 3.63* .52* +.54 2.32 Unit 1, FM section.

FM 30 3.71* .59* +.56 2.53 Unit 1, FM section.

SG 14 3.29* (.68*) (+.30) 4.32 Unit 12, VRG section. 
Bimodal.

XSE °SE

FM 2 3.36* .48* Unit 2, FM section.

FM 4 3.30* 00<r Unit 1, FM section.

LK 7 3.24* 00 Unit 3, LK section.

PP 9 3.50* .52 Unit 15, PP section. Top 
of Wescogame of McKee 
(1975).

PP 14 2.61* Ln o Very bimodal. Unit 23, 
PP section.

PP 25 3.18* .45* Unit 4, PP section. Top 
of Wescogame cliff unit of 
McKee (1975).



99
is comparable to that of the tabular planar facies; skewness is slightly 

more positive, perhaps due to the poorer development of the coarser of 

the two grain size modes. Cumulative grain size distribution curves for 

sandstones of the wedge planar facies are very similar to those of the 

tabular planar facies (Figure 40).

In a previous section I discussed the relative shape of the 

grain size curves as they relate to eolian processes. Could the shape 

of these curves reflect aqueous processes? The most readily eroded 

grain sizes for flowing water are, according to Hjulstrom’s diagram as 

reprinted by Bagnold (1941), near 2 or 3 phi. These sandstones have 

mean diameters less than this (Figure 40). Once eroded, a grain may be 

transported by bedload processes and/or suspension processes. The fluid 

velocities necessary for suspension transport are poorly understood, as 

are the other factors controlling this transition in transport mode. 

Bagnold (1966) and McCave (1971) have proposed two different threshold 

velocity curves (in Komar, 1976b). I have dashed in an approximate 

boundary between these two transport modes on Figure 40; it is an aver

age of Bagnold* s and McCave * s curves. So, the preponderance of very fine 

grained sandstone in the Queantoweap may represent: a) saltation motion

in a wind regime, and/or b) suspension transport in an aqueous regime.

I noted above that some sedimentary structures in the wedge 

planar facies suggest that suspension transport was occurring during 

formation of the cross-strata. Can such large-scale cross-strata be 

formed dominantly by suspension processes? In this context, the rare 

presence of torrential units in very fine grained sandstones is espe

cially vexing. Jopling (1965) has shown that torrential cross-beds,



Figure 40. Cumulative-probability Grain Size Distributions for Sand
stones of the Wedge Planar Facies. —  Superimposed are 
curves of threshold fluid velocity for sediment erosion, 
as in Figure 22. Sample SG-14, from Virgin River Gorge 
Unit 14, texturally resembles samples from the tabular 
planar facies.
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Figure 40. Cumulative-probability Grain Size Distributions for Sand
stones of the Wedge Planar Facies.
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referred to as angular cross-beds by some workers, form by avalanching 

processes on subaqueous slipfaces with sediment supplied to the slip- 

face by bedload motion. So, the rare occurrences of torrential cross- 

bedded, very fine grained sandstones in this facies suggests the very 

fine sand was moving at times by bedload processes. Clearly, the sim

plistic bedload to suspension transport threshold shown in Figure 40 
does not apply to these cases.

Petrology

Lithologies of the wedge planar facies are very similar to the 

previously discussed lithologies of the tabular planar facies. Differ

ences between the two are subtle. Illitic coatings of grains, predating 

silica overgrowths and in part contemporaneous with silica overgrowths, 

are more abundant. This may explain in part the more friable nature of 

sandstones in the wedge planar facies. Sandstones with well-developed 

illite coatings usually have little or no early diagenetic poikilotopic 

calcite. Dolomite (?) rhonfcs discussed in the tabular planar facies dis

cussion are common in the wedge planar facies.

Some sandstones, especially in the Esplanade cliff unit at Paw's 

Pocket, are well cemented with an early diagenetic poikilotopic calcite 

cement with minor poikilotopic dolomite cement. A small amount (1-5%) 

of detrital micrite or microsparite may be present; these may be par

tially or totally recrystallized to sparry calcite. In samples with 

both poikilotopic calcite and silica overgrowth cement, the calcite was 

precipitated prior to compaction, while the silica-overgrowth cemented 

areas show considerably more compaction.
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Environmental Interpretation of 
the Wedge Planar Facies

The three-dimensional geometry of the sand bodies, the numerous 

reactivation surfaces, and the rare back-flow toe ripples are very simi

lar to features reported from the Cretaceous Lower Greensands of England 

(Narayan, 1971) and the Eocene Roda Sandstone of northern Spain (Nio,

1976). These have been interpreted as shallow marine sandstones deposit

ed on restricted shelves by tide-dominated shelf currents (Nio, 1976; 

Anderton and others, 1979). Subaqueous sandwaves with numerous reacti

vation surfaces occur in the tidal estuaries and sand bars of German Bay, 

North Sea (Reineck and Singh, 1975) and have been reported from large 

fluvial systems (Reineck and Singh, 1975). Tidal inlets in barrier is

land systems also contain subaqueous sandwaves (Kumar and Sanders, 1974).

The illite clay and feldspar overgrowths of the Queantoweap 

wedge planar facies are more suggestive of the high cation concentrations 

associated with marine waters. The very uniform grain size of the Que

antoweap Sandstone and the Esplanade Cliff unit is not suggestive of a 

fluvial system. Nor is the regional stratigraphy of the Queantoweap 

suggestive of a fluvial environment. The Queantoweap is one segment of 

a large blanket sandstone extending from southeast Utah (Cedar Mesa Sand

stone) southwestward into Arizona (Esplanade Sandstone) and possibly 

northward into west-central Utah (Rib Hill Sandstone of the Arcturus 

Group). Throughout its extent, paleocurrent directions are south or 

southeastward. If the Esplanade is of predominantly fluvial origin, a 

large sand source to the northwest might be inferred (McKee, 1979b). 

Recent studies of the Lower Permian of west-central Utah and eastern



103

Nevada by Stevens (1979) demonstrate that the Early Permian miogeodine 

contained numerous basins and slightly positive areas, with carbonate 

deposition occurring in basins and bimodal, very fine grained sandstones 

being deposited on positive areas in intertidal and supratidal environ

ments. Paleocurrent data and mineralogical data suggest a northerly 

source of sediments. Hallgarth (1967b) found no evidence of a positive 

area in west-central Utah (Figure 4).

Large-scale, intricate cross-stratification is known to occur in 

present-day eolian deposits (see discussion in the tabular planar facies 

section), but contemporary southwestern geologists are hesitant to as

sign an eolian origin to ancient sandstones unless simple, large-scale, 

tabular planar or wedge planar cross-stratification is present. Argu

ments for an eolian origin of the wedge planar facies include: 1) asso

ciation with distinctly eolian bedforms; 2) similarity in lithology and 

paleocurrent direction to associated eolian units; 3) the very fine na

ture and homogeneity of sandstone grain size; 4) lack of marine fossils, 

glauconitic or phosphatic pellets, or associated marine mudstones; 5) 

presence of root-cast(?) structures; 6) presence of land flora, dessi- 

cation features, and kaolin clay in muds tones of the Esplanade Sandstone 

of the central Grand Canyon (McKee, 1979a). Most of these arguments are 

applicable to facies associated with the wedge planar facies; they do 

not preclude the possibility of a subaqueous origin for the wedge planar 

units. Homogeneity of grain size might reflect suspension transport in 

an aqueous body. Root casts in the Virgin River Gorge section may be 

related to overlying eolian sandstones. Lack of marine fossils and 

glauconite may suggest an environment unsuitable for their formation or



preservation. The fresh nature of most feldspars in the Queantoweap 

suggests a climate unsuitable for clay formation.

In conclusion, I suggest a subaqueous origin for the wedge plan

ar facies. Similarities between the Queantoweap wedge planar facies and 

inferred tide-dominated, shallow shelf sandstones of Europe suggest a 

similar depositional setting for all. A shared characteristic of these 

sandstone bodies is gently dipping planar surfaces bounding wedge or 

trough units (Nio, 1976; Johnson, 1977). Brenner (1980) suggests that 

the orientation of the gently dipping surfaces reflects the geometry of 

the original sand bodies. So, the reactivation surfaces and wedge planar 

bounding surfaces of the Queantoweap, which strike perpendicular to cur

rent flow, may represent transverse bedforms characteristic of tidal 

shelf sand bodies (Brenner, 1980). The unimodal nature of most paleo- 

current distributions and the subparallel nature of paleowind and paleo- 

current directions suggests that storm-induced currents or storm- 

intensified tidal currents dominated sediment transport.

The irregular, channelled nature of the wedge planar facies in 

the Esplanade Cliff unit and its association with subaerial deposits 

suggests a nearshore or estuarine depositional setting. Thinning of the 

Lower Permian System in the central Grand Canyon region supports this 

interpretation (McKee and Oriel, 1967). Studies by Kumar and Sanders 

(1974) and Hayes (1976) suggest that migrating tidal inlets may form 

most of the preserved record of a mesotidal coastline. However, poly- 

modal current distributions, with the ebb current dominant, characterize 

described modem examples. I will speculate more on the Esplanade units 

in the Interpretation section.
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Flat-bedded Facies

Flat-bedded or structureless sandstones and associated small- 

and medium-scale cross-stratified sandstones are the most poorly exposed 

and least understood facies of the Queantoweap. This facies forms cov

ered slopes between cliffs of wedge planar cosets or occurs as a thick 

covered interval at the base of Queantoweap sections. Many bedding 

styles are present in this facies, but most units share a common attrib

ute of lacking lateral extent.

I infer at least two depositional environments for this facies. 

Some of these deposits may be subaqueous sands deposited in association 

with subaqueous sand bars or in a foreshore setting. Others are prob

ably intertidal and supratidal sabkha deposits.

Flat-bedding Styles

The most common bedding form in this facies has a gnarled appear

ance. It is continuously and discontinuously, irregularly, very thinly 

bedded or laminated, commonly calcareous, silty, very fine grained or 

fine-grained sandstone. This may pass laterally into the wedge planar 

facies (Figure 27). The gnarled sandstones are the common flat-bedded 

strata associated with the wedge planar facies. They are also the most 

laterally persistent of the flat-bedded forms.

Some gnarled sandstones are truncated by small to very large 

troughs (Figures 41,42). Troughs are filled with structureless sand

stone or wedge planar and wedge trough, small- to medium-scale cross- 

stratified sandstone. Gypsum may occur in the gnarled sandstone, com

monly as a finely crystalline to poikilotopic cement.
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Figure 41. Small Trough in Gnarled Sandstone. —  Underlying unit is
gypsiferous and structureless very fine grained sandstone. 
Notebook is about 13 by 19 cm. Near base of Queantoweap, 
in arroyo one-half mile east of measured section in Virgin 
River Gorge.



Figure 42. Large Trough (?) Bedded Unit. —  Soft drink can (arrow) for 
scale. Underlying unit is brecciated sandstone in gypsif
erous matrix. Roadcut through basal Queantoweap, one-half 
mile southeast of Virgin River Gorge measured section.
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Evenly laminated, continuously bedded very fine and fine-grained 

sandstones occur at several localities in the Virgin River Gorge (Figure 

43). These units are horizontally bedded or have very low angle cross

strata dipping in seemingly random attitudes. A common vertical sequence 

consists of horizontally laminated sandstones that pass upward into very 

low angle tabular planar cross-strata sets 5-20 cm thick.

At the base of the Queantoweap in a large arroyo one-half mile 

southeast of the Virgin River Gorge measured section is a tabular body 
of evenly laminated, calcareous, and dolomitic-cemented sandstone. Fine

grained sandstone, in 2-5 mm thick laminae, is rhythmically interlami- 

nated with h  mm thick laminae of very fine grained sandstone. Sparse, 

frosted, well-rounded medium sand grains are also present in the thicker 

laminae. Laterally, this unit is replaced by breccia.

Several units in the Virgin River Gorge area are breccias of si

liceous or carbonate-cemented sandstone. The breccia cobbles are angular 

and were evidently well cemented prior to brecciation. They are composed 

of structureless sandstones, discontinuously, irregularly laminated 

sandstones, or even continuously laminated sandstones. Cobbles are in 

a matrix of poorly cemented, often gypsiferous, silty very fine grained 

sandstone. They probably represent solution breccias associated with 

the removal of evaporite units.

Cross-bedded Sandstones within 
the Flat-bedded Facies

Small- to medium-scale, wedge tabular or wedge trough sets of 

cross-strata commonly occur in the flat-bedded facies (Figure 44). They 

are commonly isolated within a bed of gnarled, flat-bedded sandstone.
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Figure 43. Evenly Laminated, Continuously Bedded Sandstone. —  Lamina
tions coarsen upward, as do many modern beach laminations. 
Dips are toward the south. Unit 5, Virgin River Gorge 
section.
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Figure 44. Small-scale Tabular Planar Cross-strata within Flat-bedded 
Sandstone. —  Pencil (left center) is 12 cm long. Unit 2, 
Lime Kiln Canyon section.
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At Frenchman Mountain, they occur at the top or base of the flat-bedded 

facies and merge with the associated wedge planar facies (Figure 29).

Cross-strata in the flat-bedded facies dip consistently to the 

south (Appendix B, Figures B-9,B-10,B-11). Standard deviations of dip 

directions of the flat-bed facies cross-strata are similar at all locali

ties (as compared to the F-statistic). The direction of dip is nearly 

the same at Frenchman Mountain and Lime Kiln Canyon (about N155°E) but 

the dip direction at the Virgin River Gorge section is rotated signifi

cantly toward the south, about N1750E. The degree of dip of cross-beds 

in the flat-bedded facies is erratic. Each locality has a statistically 

independent distribution.

These cross-strata have variances in dip directions similar to 

the other facies. Mean dip directions are indistinguishable from asso

ciated tabular planar sets (tested with the T-test), but significantly 

differ from associated wedge planar cross-strata. So, although I con

sider the cross-strata in the flat-bed facies to be largely of subaqueous 

origin, I suggest that these cross-strata were formed by shallow water 

currents greatly affected by the wind regime.

Hummocky cross-strata (Walker, 1979) occur near the base of the 

Queantoweap at Frenchman Mountain (Figures 29,45). Walker believes they 

are formed by the agitation of storm waves in water deeper than fair 

weather wave base. Scott (personal communication, 1980) feels they are 

not confined to storm wave depths, but may form in any environment where 

wave processes are present.
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Figure 45. Hummocky Cross-strata, 
of Frenchman Mountain —  Lens cap is 5 cm in diameter 

section. Base
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Other Sedimentary Structures

Generally the flat-bedded facies is devoid of burrowing or other 

primary structures besides bedding. Burrows similar to those in the 

wedge planar facies occur locally in flat-bedded units interbedded with 

wedge planar cosets.

Grain Size Analysis and Petrology

Grain size distributions (Table 4) and petrology are very simi- ;; 

lar to those of the wedge planar facies.

Most gnarled sandstones have carbonate or weak silica cement. 

Evenly laminated sandstones at the base of the Virgin River Gorge sec

tion generally are well indurated with silica cements. Some poikilo- 

topic carbonate cements are also present, but in general the carbonate 

cements in both the evenly laminated sandstones and the gnarled sand

stones comprise a mosaic of finely crystalline sparry carbonate.

Gypsum cement occurs near the base of the Frenchman Mountain" and 

Virgin River Gorge sections and near the top of the Frenchman Mountain 

section. Attempts to thin-section gypsiferous rocks failed. Field rela

tionships suggest that some of the gypsum occurring near the base of the 

sections is post-depositional; gypsiferous cemented zones cut irregularly 

across flat-bedded and wedge planar units, and are associated with 2-5 cm 

thick fractures filled with clear selenite. Fractures are associated 

with faulting. Other occurrences are similar to many of the gypsiferous- 

cemented sandstones and siltstones of the Hermit Formation.
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Table 4. Grain Size Distribution Parameters for Sandstones of 
the Flat-bedded Facies.

Sample_____%S .E.______ gS.E. _____ Comments

FM 1 3.40<{. .51*

FM 3 3.38 .42

SG 2 • 3.00 .49

SG 5 3.28 .47

SG 6 3.07 .51

Section FM, Unit 1. Marled 
sandstone, silica cement with 
illite.

Section FM, Unit 1. Marled 
sandstone, silica cement with 
illite.

Section VRG, Unit 2. Brecci- 
ated unit. Silica cement.

Section VRG, Unit 5. Festoon 
cross-strata, silica cement.

Section VRG, Unit 6. Wedge 
planar cross-strata. Bimodal 
sandstone, silica cement.
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Small cubes of hematite pseudomorphs replacing pyrite are common 

in some gnarled sandstones associated with the wedge planar facies. No 

framboidal forms were seen.

Clay slips occur in some gnarled units. At Frenchman Mountain, 

these clays are a pale gray-green. In the Esplanade Cliff at Paw’s Pock

et, they are moderate red-brown and contain shrinkage cracks.

Environmental Interpretation

Anderton (1967) has described gnarled sandstones interbedded 

with cross-stratified sandstones of inferred tide-dominated shelf origin. 

He interprets them as suspension deposits formed in fair weather periods 

and as suspension deposits formed by turbidity currents produced by 

storm surge events. The inferred depositional site is in water deeper 

than the areas of normal tidal current action.

However, many of the gnarled sandstones in the Queantoweap are 

associated with breccias, evaporites, incised channels, and small- to 

medium-scale cross-strata. The orientation of cross-strata suggests 

that depositing currents were influenced more by mean wind direction 

than mean shelf current direction. Suspension-deposited, laminated 

sands associated with wedge and trough cross-strata occur in shallow 

waters of the barred lower shoreface of many beaches (Komar, 1976a;

Davis, 1978) and on sand shoals associated with tidal channels on the 

tide-dominated North Sea coast (Reineck and Singh, 1975). Flat-bedded 

gnarled sandstones with evaporites are presently being deposited in supra- 

tidal environments of the Laguna Madre of south Texas. Rawson and
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The rare evenly-bedded sandstones of the Virgin River Gorge con

tain some rhythmically-bedded units suggestive of intertidal origin and 

some low-angle, inverse-graded laminae characteristic of a beach origin 

(Reineck and Singh, 1975). The random orientation of low-angle cross

laminates is problematical.

Although some beach environments were probably present, I feel 

the bulk of the flat-bedded facies was deposited in intertidal sand 

shoals, sand flats, and supratidal environments. Komar (1976a) men

tions that he and Bagnold have noticed few contemporary very fine grained 

beach sands. They interpret this as due to the ease of keeping fine- 

and very fine grained sand in suspension (Figure 40). A fine-grained 

beach sand implies a protected coast, not in accord with the dominance 

of large-scale cross-strata in the Queantoweap; the interpretation of 

the associated wedge planar facies as tidal shelf sand bodies implies a 

large tidal range. Coasts with large tidal ranges develop estuary and 

tidal flat morphologies (Hayes, 1976).

Tumer-Peterson (1979) interpret "gnarly-bedded" sandstones of the Toro-

weap Formation as sabkha deposits.



STUDIED INTERVALS NOT 
IN THE QUEANTOWEAP SANDSTONE

Several studied intervals, considered by previous workers as 

part of the Queantoweap, should not be included in the Queantoweap.

This section reviews the characteristics and my environmental interpre
tations of these units.

Wescogame Formation and 
the Esplanade Slope Unit

The base of the Queantoweap type section includes the Wescogame 

Formation and the Esplanade slope unit of McKee (1975). These latter 

units can be divided into two facies. A wedge planar facies, similar to 

that discussed for the Queantoweap, forms rounded pink and grey cliffs. 

Cliffs are separated by slopes developed on red or brown siltstones, 

very fine grained sandstones, and conglomerates; I call this latter fa

cies the conglomerate facies. Characteristics of the two facies are il

lustrated in Appendix C (Figure C-3).

The wedge planar facies below the Esplanade cliff varies subtly 

in lithology from the wedge planar units in the Esplanade cliff unit 

(see Stratigraphy of Measured Sections). Subaqueous tidal(?) sand bod

ies comprise the inferred depositional environment for the wedge planar 

units. The tops of wedge planar units are incised by broad, shallow 

channels as much as 3 m deep.

The conglomerate facies is mostly moderate red-brown, carbonate- 

cemented, very fine grained sandstone and coarse siltstone. Most beds 

are structureless and irregular with small lateral extent. Limestone
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and dolomitic siltstone pebble conglomerates are present in irregular 

lenses throughout the sequences (Figure 46). Some moderately sorted, 

festoon bedded, fine-grained sandstones are also present. Caliche-like 

structures and shrinkage cracks are present in some units. Paleocurrent 

directions scatter to all compass points; too few were taken to define 

the distribution nature. The association of this facies with subaqueous 

tidal(?) sand bodies suggests an intertidal and supratidal origin for 

this facies, while the wide variety of pebble lithologies suggests an 

arid wadi environment.

McKee (1975) states that the three conglomerate-bearing intervals 

can be traced throughout the Grand Canyon. He feels the middle conglom

erate interval is best developed and chose it as the base of the Espla

nade Formation. I think this is an unfortunate choice for the boundary, 

because it obscures an important observation. The base of the sequence 

is dominated by a subaqueous environment, and the top is dominated by a 

subaerial environment. The contact with the overlying Esplanade Cliff 

unit, which I correlate to the Queantoweap of northwest Arizona, is 

sharp and flat.

Red Siltstone Marker

Welsh (1959) informally named this interval, which occurs below 

the Queantoweap at many locations. It consists of 5-10 m of platey, 

moderate red-brown siltstone interbedded with channel-shaped beds of very 

very fine grained, silica-cemented sandstone (Appendix C, Figures C-4, 

C-6,C-8). The contact with the overlying Queantoweap is flat, sharp, 

and abrupt except in exposures west of the front fault of Moore (1972),
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Figure 46. Limestone Pebble Conglomerate at the Base of the Esplanade 
Slope Unit. —  Conglomerate is overlain by horizontally 
laminated and climbing-ripple laminated sandstone. Unit 16, 
Paw's Pocket section.
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in the Virgin Mountains and west of the Grand Wash Fault in the Virgin 

River Gorge (see Interpretations section). The contact with the under

lying evaporites of the Pakoon Formation is gradational.

Sandstones are very fine grained and well sorted (Figure 47).

No bedding structures are present. Detrital gypsum clasts and clay 

clasts are sparsely present in channel bottoms; gypsum veinlets are a 

common diagenetic feature. The siltstones contain sparse shrinkage 

cracks at Frenchman Mountain. A few poorly preserved plant impressions 

were found at Lime Kiln Canyon.

Welsh (1959) interpreted the red siltstone marker as the depos

its of a final drying up of the Pakoon Formation evaporite basins. It 

is very similar to the Halgaito Shale of southeast Utah, which Baars 

(1962) interprets as representing coastal mudflats. I infer a tidal 

flat or supratidal flat depositional environment for the unit and con

sider it as part of the Pakoon Formation.

North Bird Springs Range Section

The interval in the North Bird Springs Range that Welsh (1959) 

assigned to the Queantoweap Sandstone and rdd siltstone marker is litho

logically different from the Queantoweap of northwest Arizona. Figure 

C-9 (Appendix C) is a generalized column for the interval.

The interval I measured is divisible into three units. The low

ermost 34.5 m (Units 1 to 15) consists of interbedded very fine grained 

sandstones and gypsiferous siltstones. Units 16 to 33 contain 67.25 m 

of thick siltstone units and relatively thin very fine grained sandstone 

units, with erosional lower bounding surfaces. The uppermost 18.3 m is
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GRAIN SIZE IN PHI UNITS

Figure 47. Cumulative-probability Grain Size Distributions for Sand
stones from the Red Siltstone Marker.



a heterolithic assemblage of very fine sandstones, siltstones, clay- 

stones, shales, and carbonate rock units.

Units 1 to 15

The lowermost units contain 34.5 m total; the basal 14.75 m 

(Units 1 to 5) is a coarsening-upward sequence of very fine grained and 

fine-grained sandstone in medium-scale trough and thinly bedded, low- 

angle cross-laminated to horizontally laminated sets. Bioturbation in 

the form of horizontal and vertical burrows obscures some of the struc

tures. The interval contains the coarsest and best sorted sandstones in 

the North Bird Springs measured section. The wedge trough units, with 

widths of 15 m or more, are the largest bedforms in the measured section.

This is abruptly overlain by 2 m of covered slope and reduced, 

very fine grained, silty sandstone. The remainder of the interval is 

interbedded siltstones and sandstones. Siltstones are very friable to 

moderately cemented, with carbonate, gypsiferous, and hematitic clay ce

ments. Some siltstones are veined with gypsum, while others have a high 

percentage of intergranular, 2 mm diameter gypsum crystals. Thin lami

nations and beds of claystone, shale, and silty, very fine sandstone oc

cur within the siltstones. No channelling, cross-laminations, or bio

turbation was seen. The most conmon bedding feature of these siltstones 

are faint, irregular to regular, very thinly bedded or laminated layers, 

discernible only on fresh surfaces, due to slight changes in color or 

grain size.

Sandstones contain a wide variety of structures, all very ob

scure. Most are very fine grained, silty, discontinuously and

122



123

continuously, irregularly, horizontally laminated and very thinly bed

ded. They may have very thin interbeds of clayey siltstone. Small, 

structureless, trough-shaped sandstone beds are also conmon. A rarer 

form of bedding is horizontal to very low angle, continuous, regular, 

moderate to well sorted very fine grained sandstone, with foam impres

sions preserved (Unit 9).

Poorly developed coarsening upward and fining upward sequences 

can be identified in the upper part of the interval, but what is most 

striking is the abrupt juxtapositioning of suspension-deposited silt- 

stones and laminated or channel-shaped sandstone units.

I infer a subtidal to intertidal depositional environment for 

the lowermost units. Diagnostic characteristics include:

1) bimodality of current flow vectors, caused by alternating ebb 

and flow of tidal waters (de Raaf and Boersma, cited in Heineck 

and Singh, 1975);

2) juxtapositioning of large- and small-scale sedimentary struc

tures, caused by the juxtapositioning in time and space of upper 

and lower flow regime conditions in the intertidal environment 
(DeRaaf and Boersma, op. cit.);

3) fining-upward sequences, produced by the progradation of the 

tidal flat. Sediments of the lower tidal flat, characterized by 

bedload transport, are overlain by suspension deposited sediments 

characteristic of the upper tidal flat (Klein, 1977).



These sediments are similar to present-day sediments of tidal 

flats on the Colorado River Delta (Thompson, 1968) and to tidal flat 

sediments in the Wash of England (Evans, 1967).

Units 16 to 33
The middle units are composed of 67.25 m of strata, which form 

a series of broad siltstone vales separated by discontinuous hogbacks of 

very fine grained sandstone. In the lower two-thirds of the interval, 

the upper parts of siltstone intervals are oxidized to moderate red- 

brown, while the lowest parts of the intervals may be reduced to a pale 

grey-green. These siltstones are indistinctly laminated; the laminations 

are visible on fresh surfaces and are produced by slight variations in 

color or the amount of clay or sand present. Laminations are continu

ous, regular to irregular, even horizontally bedded. The siltstone in

tervals coarsen upward, due to the addition of thick and thin interbeds 

of silty, very fine grained sandstone. Scours and festoon cross

lamination may be present but are not abundant. Ripples are not abun

dant; those present are parallel to subparallel with a high degree of 

continuity, and ripple indices of 8-19 and ripple symmetry indices of 

1-3.

The uppermost parts of siltstone intervals may be entirely very 

fine grained sandstones. Sandstones are laminated to thin-bedded with 

discontinuous to continuous, parallel, flat-bedding dominant, and with 

minor low-angle tabular planar cross-lamination. The uppermost contacts 

of the siltstone intervals are low-relief erosional scours.
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Sandstone intervals overlying the siltstone intervals are thin 

compared to the associated siltstones and have little lateral continuity. 

Sandstones are pale grey to pale yellow-grey, commonly containing limon- 

ite stains replacing formerly present pyrite crystals. All sandstones 

in this interval are very fine to fine grained, moderately well sorted, 

and in fining-upward sequences. The basal scoured surface is overlain 

by trough-shaped beds, 5-25 cm thick and up to 1 m wide. Pale green clay 

clasts may be present. Grain size within one trough is very uniform; 

this uniformity of composition and bioturbation has destroyed all pre- 

servable cross-stratification, making determination of current flow di

rections impossible.

The upper parts of a sandstone bed are flat-bedded or low-angle 

cross-laminated and bioturbated. In the lower part of the sequence, 

they are abruptly overlain by siltstones as previously described. In 

the upper part of the interval, the sandstones usually merge gradation- 

ally with fining-upward sequences of cross-bedded siltstone.

Cross-bedded siltstones of the upper part of the interval are 

light to moderate red-brown. They are cleaner than the previously dis

cussed siltstones. Laminations are clearly visible due to very thin 

interlaminations of very fine grained sandstone and due to better sorting 

of the siltstones. Unlike lower siltstones, these siltstones may be ex

tensively bioturbated, and in some units bioturbation has destroyed all 

sedimentary structures. When sedimentary structures are preserved, 

small-scale cross-stratification is abundant. The prevalent cross

stratification is of form-discordant, low-continuity linguoid ripples.
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Ripple indices vary from 8 to 10, and ripple symmetry indices vary from 

2 to 3.5.

Thick, coarsening-upward sequences overlain by thin, fining- 

upward sequences are suggestive of a deltaic depositiorial environment. 

Delta front and pro-delta sequences which I have tentatively identified 

in the North Bird Springs Range are similar to pro-delta sequences 

which Kelling and George (in Elliot, 1978) have described from a 

fluvial-dominated delta. They also have sons similarities with small 

deltaic sequences that Fisher and McGowan (in Galloway, Kreitler, and 

McGowan, 1979) have described for small deltaic systems prograding into 

shallow protected bays of the Texas Gulf Coast. A principle deviance 

from these two examples is a paucity of clay and organic matter. This 

suggests a warm, arid climate.

However, the dominance of easily suspended materials, the lack of 

any coarser sediments, the association of these sediments with tidal fa

cies above and below this interval, and the regional stratigraphic set

ting of the North Bird Springs section are suggestive of a tidal creek 

and tidal flat environment. Unfortunately, the lack of structures in 

the trough units precludes a determination of current flow directions.

The sands do not display flaser bedding or other indications of rhyth

mically varying flow regime characteristics. Evaporites do not occur in 

the associated siltstones, as in the underlying tidal flat units. The 

presence of rip-up clasts does suggest occasional cessation of flow, but 

that might be expected in small streams in an arid, warm climate.

I conclude that these deposits may represent a fluvially domi

nated deltaic sequence produced by small, ephemeral streams discharging
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into quiet water. Campbell and Steel-Mallory (1979) have described si

milar sequences in the Cutler Formation of San Juan County, Utah. They 

interpret those sequences as representing meandering stream deposits 

flowing across tidal mud flats.

Units 34 to 46

The upper part of the measured section contains a wide variety 

of lithologies and sedimentary structures in thin-bedded units. Coarse- 

to fine-grained siltstones, very fine grained sandstones, and silty 

shales dominate the upper part of the unit. Sedimentary structures in

clude flaser bedding, horizontal and vertical burrows, small-scale fes

toon cross-bedding, and small fining-upward sequences, less than % m in 

thickness. Paleocurrent indicators show a scatter of current directions 

but north-south orientations are most common. Downward, the interval 

becomes increasingly finer grained and includes thin carbonate interbeds 

The carbonates resemble dolomite in hand specimen, but staining.indi

cates that abundant calcium carbonate is present. The uppermost carbon

ate is a thin (.7 m) bed of thinly bedded, partially dolomitized, medium 

crystalline pelsparite. The remaining carbonate units are thinly bedded 

partially dolomitized, aphanocrystalline, biomicrite to biomicrudite. 

Algal laminations are rarely present to abundantly present; the biomicru 

dites are composed of a hash of gastropod and bivalve shell molds in a 

very finely crystalline to aphanocrystalline matrix. The units are in- 

terbedded with calcareous, poorly to moderately sorted, friable

siltstones.
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I interpret the lower part of this interval as lagoonal or re

stricted tidal pond sediments. These are frequently associated with 

tidal flat deposits (Reineck and Singh, 1975). The upper part of the 

sequence has many features typical of mixed sand and mud flats of the 

intertidal zone (Reineck and Singh, 1975). Interbedded carbonates and 

mixed fine-grained elastics continue .up-section for another 27 m, where 

they are overlain by flat-bedded and cross-laminated sandstones very si

milar to the Queantoweap Sandstone exposed at Frenchman Mountain.



INTERPRETATIONS

Vertical and Lateral 
Facies Distribution

Appendix C summarizes my interpretations of the studied inter

vals. Marine and non-marine facies are interbedded in a complicated 

fashion. Consequently, Queantoweap exposures weather into a number of 

ledges and slopes, as does the intertonguing Hermit Formation. Individ

ual bench units can be traced laterally for several kilometers, and out

crops tens of kilometers apart have similar ledge and slope profiles.

At Virgin River Gorge, the bench-forming units are typically 50 m apart. 

Electric logs of wells drilled in southwest Utah contain rhythmic changes 

of similar magnitude in the electrical properties of the Pakoon Dolomite 

and the Queantoweap Sandstone intervals. Mack (1979) reported regional 

intertonguing of marine and non-marine units in the Cedar Mesa and Cutler 

Formations of southeast Utah.

Benches are closer spaced at Lime Kiln Canyon and Paw's Pocket. 

The most closely spaced bench and slope topography occurs in the Upper 
Supai Group of the central Grand Canyon.

If these bench-forming units can be traced laterally for great 

distances and if they do reflect transgressive and regressive cycles, it 

may someday be possible to divide the Permian System of northwest Arizona 

into time-stratigraphic units, such as the formats proposed by Forgotson 
(1957) .

Oscillatory transgression and regression may be caused by any or 

all of three possible factors:
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1) Changes in sea level. Global changes in sea level have varied 

and poorly understood causes (Vail and others, 1977). Conti

nental glaciation may cause oscillatory sea level changes. Much 

of the Gondwanaland continent was glaciated during deposition of 

the Sakmarian Series (Dickens, 1978), which is probably time- 

correlative with the Upper Wolfcampian (Baars, 1979).

2) Unstable shelf. Some s’tratigraphers feel that shelves or basins 

can subside in a sporadic, discontinuous fashion. Mack (1979) 

feels the depositional setting of the Cedar Mesa Sandstone was 

on such a shelf, with unstability related to tectonic events in 

the Uncompahgre Uplift, the Paradox Basin, or both.

3) Fluctuating sediment supply. Sediment supply fluctuations in an 

area of continuous subsidence can produce cyclic sedimentation. 

This is well documented in deltaic settings, where avulsion of 

fluvial channels up-dip from a depositional site will cause fluc

tuations in sedimentation rate (Brown, 1969). A deltaic setting 

for the Queantoweap is unlikely (this thesis, wedge planar facies 

interpretation; Mack, 1979). Sediment supply fluctuations occur 

in other depositional systems but are poorly understood.

Mack (1979) argues that an unstable shelf setting is the most 

suitable explanation for the interbedded marine and non-marine facies of 

the Cedar Mesa Sandstone. He feels that cyclic sedimentation due to sea 

level changes of glacial origin would be more regular. Because of known 

continental glaciation in Early Permian time and the regularity of the 

Queantoweap fluctuations, I feel the cyclicity may be due in part or
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wholly to sea level changes. Perhaps tectonic forces dominated to the 

east near the Uncompahgre Uplift.

The Queantoweap and the Esplanade cliff unit overlie regressive 

nearshore marine dolomite and evaporite sequences (Pakoon Dolomite) and 

regressive marine(?) sandstones and subaerial clastic sequences (Wescog- 

ame Formation and Esplanade slope unit). Basal Queantoweap units were 

deposited during a rapid transgression followed by a time of maximum 

submergence. A gradual, oscillatory regression followed. The subaerial 

and high intertidal depositional environments of the Hermit Formation 

first developed upon the Kaibab Uplift and gradually expanded across the 

Arizona Platform.

This is demonstrable at the studied localities. The largest 

wedge planar units, suggesting maximum water depth, occur low in the se

quence at Frenchman Mountain and in the northern Muddy Mountains. They 

are replaced up-section by gypsiferous and calcareous moderate red-brown 

siltstones of the Hermit Formation. At Paw's Pocket in the western 

Grand Canyon, littoral zone and near-littoral zone units of the wedge 

planar and flat-bedded facies are replaced up-section by probable sub

aerial deposits of the Hermit Formation. In the Virgin Mountains, lit

toral and near-littoral zone sediments of the flat-bedded facies occur 

in the basal Queantoweap; these are overlain by eolian units of the tab

ular planar facies, which intertongue with siltstones of the Hermit 

Formation.

The lateral distribution of facies varies considerably. Thick, 

well-organized, laterally extensive wedge planar units dominate Queanto

weap outcrops in southern Nevada. Nio (1976) has suggested that similar
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units in Europe represent deposition in partially confined shallow- 

shelf settings, similar to the present southern bight of the North Sea.

The large scale of the cross-strata and the absence of fossils or glau

conite pellets in the Queantoweap suggests a very high energy shallow 

water environment.

Eastward, the flat-bedded and tabular planar facies present in 

the Virgin Mountains suggest shoaling water and eolian environments.

Beach sediments, if ever deposited, were rarely preserved. It was prob

ably a very high energy coast; shallow seas containing large transverse 

sand waves are inferred to have strong tidal currents (Brenner, 1980), 

and paleowinds were directed onto the coast. These factors, in conbina- 

tion with the very fine grained sediment available, would make barrier 

islands improbable and tidal flats probable (Hayes, 1976; Komar, 1976b). 

The gypsiferous nature of some flat-bedded units, the bimodal grain size 

laminations of others, and the presence of large channel-shaped sand bo

dies support this argument.

In the Grand Canyon area, the total Lower Permian section is 

thinner, while the subaerial Hermit Formation facies is thicker than to 

the north and west, suggesting a more positive aspect to the canyon re

gion. The complicated cross-strata of the Esplanade cliff unit remains 

problematical. Similar deposits have been interpreted by Anderton (1976) 

as storm and tidal current deposits in a shallow marine embayment with 

associated littoral zone sediments present. The association of sand wave 

units, flat-bedded sand units, channels, and eolian sands can be found on 

barrier islands dominated by migrating tidal inlets. However, the Espla

nade cliff unit does not have distinct ebb and flood paleocurrent
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orientations, as do modern counterparts (Kumar and Sanders, 1974; Hayes, 

1976). Sandy shoals or high-energy estuarine environments are other 

possible interpretations.

Lateral Facies Distributions 
and Structure

Lithofacies in the Lower Permian System of the studied area show 

abrupt lateral changes associated with known structural trends. Brill 

(1963) and Welsh (1959) noted the thickening of the Queantoweap-"Coconino" 

sand lithesome along the Wasatch Line of Kay (1951). Brill (1963) also 

delineated the Hermit Formation red bed pinch-out, which crudely sub

parallels basement contours on the tectonic map of King (1969) (Figure 

48).
The Hermit red bed pinch-out can be seen in the cliff exposures 

of the Virgin River Gorge. Individual benches of Queantoweap and "Coco

nino" Sandstone can be traced across the gorge, suggesting the pinch-out 

is diagenetic or depositional and not due to Lower Permian erosion. The 

red bed lithology has irregular outlines that cut across sandstone and 

siltstone beds, suggesting a diagenetic origin, yet the red bed inter

vals are usually within or immediately below silty or clayey interbeds 

of the "Hermit" lithology (see discussion in the tabular planar facies 

section). The more immature mineralogical composition of the silty and 

clayey interbeds may have supplied ferro-magnesium minerals, which dur

ing diagenesis produced the red coloration, as Walker (1976) has proposed 

for other red bed units. The abrupt pinch-out of the Hermit lithologies 

and the dominance of subaerial and shoaling water environments in the
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Other indirect evidence suggests that extreme northwest Arizona 

and southern Nevada may have contained one or several slightly positive 

areas in Early Permian time. A comparison of isopach maps of Permian 

strata (McKee and Oriel, 1967) with present Colorado Plateau topography 

shows a general correlation between present plateau uplifts and thin 

Lower Permian System intervals. Brill (1963) noted that Queantoweap 

section at Pakoon Ridge had abnormally coarser grained sandstones.

Rawson and Tumer-Peterson (1979) measured a sandier and more dolomitic 

Toroweap Formation section in Pigeon Canyon of the Grand Wash Cliffs 

than surrounding Toroweap sections. In the northern Muddy Mountains of 

Nevada, west of Atlatl Rock on the Arrowhead Trail, overturned Hermit 

red beds contain thick fining-upward channel sandstones, mud-cracked 

siltstones, and claystone successions, similar to the Hermit Formation 

of the Kaibab Plateau. Pierce (1978) reported abrupt facies changes in 

the Pakoon Dolomite along the Grand Wash Fault, with grain-supported 

carbonates present on the now up-thrown side of the fault and mud- 

supported carbonates present on the now down-thrown side of the fault.

An abrupt facies transition occurs along the Grand Wash Fault in 

the Virgin River Gorge and the Front Fault in the northern Virgin Moun

tains. Immediately west of the faults, the upper Pakoon Dolomite con-' 

tains thick evaporite sequences. These intertongue gradationally with 

overlying red siltstones and very fine grained sandstones. The gener

ally abrupt basal Queantoweap contact is not well displayed, and the 

Queantoweap interval contains only minor amounts of pale yellow-orange,

Virgin Mountains suggest that the present Virgin Mountain Anticline area

had positive tendencies in the Early Permian.



cross-bedded, very fine grained sandstone; it is dominantly moderate 

red-brown, flat-bedded siltstone (Figure 48).

Similar facies changes occur along the eastern edge of the Monu

ment Upward (Baars, 1979) where pale Cedar Mesa Sandstones on the crest 

of the upwarp abruptly intertongue eastward with gypsiferous mudstones 

of the Cutler Formation.

The sudden facies transition in the Virgin Mountains coincides 

with the Front Fault, part of a northwest-trending lineation extending 

from southern Lake Mead to the Virgin River Gorge (Figure 48). At least 

20 km of left-lateral faulting occurred on this lineation near Lake Mead 

in Late Tertiary time (Anderson, 1973). No lateral motion has been docu

mented for the Front Fault, but left-lateral motion on subsidiary faults 

in the Virgin River Mountains has been proposed by Moore (1972). The 

Front Fault and its subsidiary faults could be interpreted as a large 

left-lateral fault with associated "gash" faults. In this model, the 

triangular, up-thrown blocks of the Virgin Mountains are separated by 

"gash" faults such as the Hungry Valley, Lime Kiln, and Cottonwood 

Faults (Figure 48). Moore (1972) proposed a similar model for struc

tures on the Hungry Valley Fault.

Northwestward continuation of left-lateral motion through the 

Virgin River Gorge is unjustifiable because of the continuity of Queanto- 

weap strata across the gorge. However, the abrupt nature of the facies 

changes across the Grand Wash Fault north of the Virgin River Gorge and 

abundant laterally-oriented slickensides on faults in Cedar Wash suggests 

that some lateral displacement may be related to these structures.
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In summary, the abrupt nature of facies changes in the Queanto- 

weap west of the Front Fault in the Virgin Mountains and west of the 

Grand Wash Fault in the Virgin River Gorge may be due in part to Late 

Tertiary lateral displacements. However, I cannot at present envision 

any combination of lateral offsets on the fault systems which will to

tally explain the abrupt facies transition. This suggests that the base

ment lineations which controlled the Tertiary fault displacements may 

also have controlled the distribution of Early Permian sedimentary facies.

Speculations on the 
Queantoweap Depositional System

The Queantoweap Sandstone is a thick accumulation of sandstone 

on the tectonic hinge between the Cordilleran Miogeocline to the north 

and the Arizona Platform to the south (Figure 3). An understanding of 

its depositional history must encompass processes in both provinces.

This is beyond the scope of this thesis; however, I would like to specu

late briefly on how the Queantoweap may relate to the Early Permian 

depositional systems of the southwest.

Source of Sand

Mack (1978) believes the sand source for the Cedar Mesa- 

Queantoweap lithesome was the Uncompahgre Uplift of southwest Colorado. 

Baars (1979) believes a large quartzose sand source was north of Utah. 

Stevens (1979) has shown a systematic decrease in feldspar content in 

miogeoclinal sands from north to south and from east to west; he feels 

the source for most of the very fine grained, bimodal sandstones



which flooded the miogeocline in Early Permian time was on the craton 

side of the miogeocline, north of Utah.

In the Late Paleozoic, most edges of the North American craton 

were uplifted and deformed. The eastern edge was uplifted in the Late 

Paleozoic Appalachian orogeny, and the southern edge in the Late Paleo

zoic Ouachita Orogeny (King, 1977). The northern edge was uplifted in 

mid-Paleozoic orogenic events in the Arctic Fold Belt (Thorsteinsson 

and Tozer, 1961). The Arizona Platform, formerly the southwestern ex

tremity of the transcontinental arch, was isolated from the remaining 

craton by the Uncompahgre and related uplifts (King, 1977).

The outer margins of the southern Cordilleran Miogeocline had 

low positive remnants from the mid-Paleozoic Antler Orogeny, although 

they were a minor source of sediments in Early Permian time (Stevens, 

1979).

Potter (1978) has demonstrated that a major source of sand on 

modem continental margins is big rivers. Big rivers commonly have head

waters in orogenic areas; they frequently flow across large stable era- 

tons to debouch their sediment load on trailing edges of long quiescence. 

In Early Permian time, the most likely setting for the mouths of big 

rivers would be the Cordilleran Miogeocline, north of the Uncompahgre 

and related uplifts. Furthermore, the North American craton in Permian 

time straddled the equator, which for North America was oriented along a 

present-day northeast-southwest trend (Scotese and others, 1979). Large 

continental deserts seem possible in such a setting. In summary, a large 

source of bimodal, quartz-rich sand north of Utah in Early Permian time
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would not be inconsistent with the paleotectonic and paleogeographic 

setting of the North American craton.

Sand Transport

The paleogeographic setting of North America in Early Permian 

time (Scotese and others, 1979) would place the southern Cordilleran 

Miogeocline and Arizona Platform in the trade wind belt; orientations of 

paleowind directions in modern coordinates would be directed toward the 

south. Sands within and bordering the miogeocline were moving southward 

(Stevens, 1979). Water circulation across the western margin of the 

miogeocline may have been restricted by remnants of the Antler erogenic 

belt, while the eastern margin was restricted by the Uncompahgre and re

lated uplifts. The northeast-southwest trending Arizona platform, with 

its irregular, gentle uplifts and basins, probably funnelled the 

southward-moving sediments into numerous shallow bays and estuaries and 

onto intervening sand shoals. Restrictive, shallow-marine settings open 

on one end, similar to the miogeocline-Arizona Platform setting, commonly 

contain strong tidal currents and have high tidal ranges (McCave, 1971). 

Enhancement of tidal currents by the dominantly southeastward winds prob

ably accounts for the unidirectional paleocurrent directions throughout 

the Cedar Mesa, Esplanade, and Queantoweap lithosomes.

It is difficult to determine the relative importance of subaerial 

and subaqueous transport in the formation of the Queantoweap. The fluc

tuating nature of Early Permian sea levels and the subparallel nature of 

most subaqueous and subaerial paleocurrent directions makes transport by 

both processes probable.
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Depositional Setting

Westward, away from the Uncompahgre Uplift and the bulk of the 

craton, the mean grain size and the thickness of the Cedar Mesa- 

Queantoweap lithesome decreases, while the thickness of the gypsiferous 

siltstones of the Hermit lithesome increases. Such a decrease in mean 

sediment grain size might be expected away from the probable source area.

A transect of Early Permian strata on the Arizona platform from 

northwest to southeast is difficult to envision, due to the imperfect 

state of our understanding of the regional stratigraphy. I believe that 

time-stratigraphic equivalents of the Queantoweap are preserved in the 

Grand Canyon region within the Esplanade cliff unit and the Hermit For

mation. Other time-stratigraphic equivalents are preserved in Oak Creek 

Canyon as the lower half of the A member of the Supai of McKee (1945).

I must stress that some workers, such as Blakey (1979a,b) and Peirce 

(personal communication, 1981) do not agree with my time-stratigraphic 

correlations. My time-stratigraphic correlations are similar to those 

implied by Elston and DiPaolo (1979), although I do not agree with their 

choice of lithostratigraphic nomenclature.

Previous workers, such as Blakey (1979b), have noted that Arizona 

was dominated by a northeast-trending positive area, or arch, which may 

be related to the earlier Paleozoic Transcontinental Arch. Tectonic 

events which began in Pennsylvanian time (King, 1977) probably deformed 

the Arizona platform into several low positive areas and intervening ba

sins superimposed upon the earlier, regional arch. I think sediments 

were being driven onto the northwest side of the Arizona platform by 

winds and currents from the north; high-energy marine, littoral, and
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eolian depositional environments dominated. Southeast of the arch, de

positions! environments were dominated by low-energy depositional set

tings. Only the finer grained elastics, which had filtered across the 

positive areas by eolian or shallow-water transport, were available for 

deposition. Deposition on the crests of the positive elements would be 

thinnest and would record the most terrestrial depositional environments 

Figure 49 is an interpretive sketch of a positive area on the Arizona 

platform in Early Permian time. It is highly schematic and should be 

considered as a model, not a reconstruction.



Figure 49. Interpretation of Depositional Environments across a Positive Area. —  A generalized 
uplift on the Arizona platform in Early Permian time.

Qw = Subaqueous tidal and storm dominated sand waves of the Queantoweap wedge planar 
facies.

Qf = Tidal flat environments of the Queantoweap flat-bedded facies.
Qt = Eolian environments of the Queantoweap tabular planar facies.
He = Hermit Formation as in the central Grand Canyon. Fining upward, claystone and

channel sandstone sequences of subaerial (fluvial?) origin would form on the most 
positive areas.

Sb = Bell Rock member of the Schnebley Hill Formation. Wind-tidal flats, sabkhas, and 
shallow-marine siltstones, in part derived from eolian fallout from facies Qt.

Es = Wedge planar facies of the Esplanade Formation, occurring in estuarine and near
shore settings.

FA = Restricted dolomites, such as the Fort Apache, precipitated in quiet shallow- 
marine waters.

As sediment is supplied to the high-energy shoreline faster than subsidence, the shore
line migrates north, into the miogeocline, producing a regressive sequence. However, 
shoreface movement north removes the sediment source for the flat-bedded Hermit silt- 
stone facies, allowing the dear-water facies FA to migrate northward, producing a 
relative transgressive sequence on the southern flanks of positive areas.

Positive areas further east (closer to the source areas) and further north (closer to 
the influx of sand from the miogeocline) will be dominated by sandier facies.
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CONCLUSIONS

1) The type section of the Queantoweap Sandstone includes the Wes- 

cogame and Esplanade Formations of the Supai Group. The Queanto

weap Sandstone of common usage in northwest Arizona lithostrati- 

graphically correlates with the Esplanade cliff unit of the 

Esplanade Formation.

2) The Queantoweap does not appear to intertongue with the Pakoon 

Formation on the Colorado Plateau. It everywhere abruptly over- 

lies the Pakoon, a regressive carbonate and evaporite sequence. 

The Esplanade cliff unit of the Grand Canyon overlies a regres

sive carbonate-rich sequence of conglomerates, sandstones, and 

siltstones.

3) The Queantoweap was deposited in shallow, tide and/or storm 

current-dominated seaways, macrotidal littoral zones, coastal 

sabkhas, and coastal dune environments. The correlative Espla

nade cliff unit may represent shallow-marine and/or estuarine 

environments.

4) Numerous transgressive and regressive events are recorded in 

the Queantoweap sediments. These are superimposed upon the rec

ord of a major transgression followed by a gradual regression.

5) Rapid lateral facies changes in Lower Permian units may be due in 

part to post-Permian lateral fault displacement. However, they 

largely reflect differential subsidence or uplift of a small
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magnitude of structural elements with a long history of vertical
movement.



APPENDIX A 

MEASURED SECTIONS

Paw's Pocket Section

Location

SWJj;, SŴ s, Section 2, T. 32 N., R. 9 W., Whitmore Rapids 7.5 min

ute quadrangle, Mohave County, Arizona. Section is measured along south

ernmost exposures of west-facing cliffs and the northern slope of a small 

arroyo; the south slope of the arroyo is covered with basalt.

Z

Previous Work

McNair (1951) formally names the Queantoweap Sandstone for this 

valley (formerly known as Queantoweap Valley) and makes this cliff the 

type section (see below). Sorauf (1962) measured the same interval about 

two miles to the southeast and about three miles to the southwest. He 

measured the overlying interval (his Hermit Formation) at Paw's Pocket, 

one mile north of this measured section. McNair's section follows.

Thickness
(feet)

Queantoweap sandstone
Sandstone, slightly calcareous, light gray to pink,
massive-bedded, some beds are 20 feet thick. Contains
thick-cross beds which dip east-southeast. Forms
strong cliffs .....................................  130

Sandstone, calcareous, light gray, pink-gray and dull 
red, fine-grained. Contains thick cross-beds which 
dip southeast. Forms strong cliffs ..............  70
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PAWS POCKET i
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Figure A-l. Location of Paw's Pocket Measured Section.
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Thickness
(feet)

Sandstone, pink and gray, fine-grained, medium- to 
thick-bedded. Cross-beds, where present, dip 
southeast. Weathers into rounded ledges ............  65

Sandstone, light gray-pink, dull red and gray, fine
grained, massive-bedded. Some beds are cross- 
bedded with dip southeast........................... 67

Sandstone, light gray-pink to dull red, massive- 
bedded, fine-grained. Forms moderate cliff slope 
and rounded outcrops. A few beds have gray cal
careous knots and blotches........................... 61%

Total thickness Queantoweap sandstone ............  393%

Sorauf (1962) measured the top 58.7 ft of his Esplanade Sand

stone and the overlying Hermit and Coconino Formations at Buddy Cabin, 

1.2 miles north of my measured section. I did not measure this interval 

but examined it. Here is an outline of the Esplanade Sandstone portion 

of that interval, based upon the measurements of Sorauf and my own 

observations.

The overlying unit is the Hermit Formation of McNair (1951) and 

Sorauf (1962). McKee (1979a) includes this interval in the Esplanade 

Sandstone. Gypsiferous siltstone and gypsum, moderate red-brown to 

light red, coarsening upward beds 5-10 m thick, overlain by coarsening 

upward beds of Esplanade lithology sandstones of similar thickness. 

Sandstones are horizontally, irregularly, thin- to thick-bedded, with 

silty partings and upward become thicker bedded, less silty, and 

structureless.



Queantoweap Sandstone 

Unit Description
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Thickness
(meters)

32 Sandstone, moderate orange-pink, fine-grained to very 
fine grained, lithologically like Unit 30, noncalcare- 
ous cement; in large-scale tabular planar and wedge 
planar sets, 3-5 m maximum thickness, laterally re
placed by large- to medium-scale wedge planar sets.
Some horizontally bedded, structureless sandstone at
t o p .................................................  9.4

31 Sandstone, pale yellow-orange to light gray; lithol
ogy as in Unit 30, calcareous and non-calcareous 
cement; in medium-scale, wedge planar and wedge 
trough cross-beds of intricate form, with a variety 
of d i p s .............................................  8.3

My Measured Section. Measured about one mile south of Paw's 

Pocket; section is here overlain with basalt. Top of this section ap

pears to correspond to the base of the section of Sorauf.

Thickness
Unit Description (meters)

30 Sandstone, moderate orange-pink, very pale orange- 
pink, and pale yellow-orange, mottled; very fine 
grained; subangular to subrounded, well sorted 
poikilotopic carbonate cements and silica over
growths as cements. Rounded, frosted, medium 
sand grains common, producing a bimodal grain size 
distribution. Unit forms a cliff, making its 
study nearly impossible. In descending order, it 
is composed of (approximate thicknesses):

4 m medium- to large-scale tabular planar cross
strata, tangential lower contacts, planar to con
cave up sets;

5 m medium-scale wedge trough, wedge planar and 
festoon cross-strata, tangential lower contacts, 
planar to concave up, in intricate cross-bedding 
patterns;

4 m horizontally bedded sandstone, thin units of 
low-angle tabular planar cross-strata, and small- 
to medium-scale wedge trough cross-strata;
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4 m medium-scale wedge trough, wedge planar, and 
festoon cross-strata, planar to concave up sets, 
intricately cross-bedded;

8 m medium- to large-scale, tabular planar cross
strata, tangential lower contacts, concave up to 
planar cross-sets.

Thickness
Unit Description (meters)

Samples PP-15, PP-16, PP-17, PP-58, PP-59 ..........  25.7
29 Coarse siltstone, very dark red; nodular bedding; 

overlain by a very dark red shale and a slip of 
light green-grey shale. Forms re-entrant ..........  .4

28 Sandstone, pale yellow-orange, weathers to gray-
orange-pink; fine-grained; rounded to well rounded, 
well sorted;calcite cement. Some larger grains ap
pear frosted. Composed of barely discernible 
cross-beds or is structureless.

Sample PP-14 .........................................  1.3

27 Sandstone, lithology as in Unit 30. Forms inac
cessible cliff face. From top to bottom (approxi
mate thicknesses):

5 m of medium-scale wedge planar and wedge trough 
cross-strata, concave up, in intricate patterns;

5 m of one large-scale tabular planar cross-strata 
unit, tangential lower contact, planar cross
laminations. Laterally, the top of this unit is 
channelled with siltstone pebbles and coarse sand
stone in the channel bottom.

1.3 m of structureless, horizontally bedded sand
stone.

Samples PP-57, PP-60 ................................. 11.3

[Esplanade Slope Unit]:

Units 26 to 22 form one packet of moderate reddish orange, highly vari

able sandstone beds with conglomerates interspersed at several horizons 

of small lateral extent.Total thickness of the interval varies from 9
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to 12 m, and thins rapidly to the north. At this location, the sequence

Thickness
Unit Description (meters)

26 Coarse siltstone, dark reddish brown, nodular; with 
crude, irregular, 20 cm thick beds; bioturbated.
A dark red-brown and pale green-grey shale parting 
at top forms reentrant at base of major cliff.
Sample PP-20 ...........................................  1.6

25 Sandstone, mottled moderate red-orange to moderate 
orange-pink, very fine grained, subangular to mod
erately sorted; lower part in channels that commonly 
show low-angle, festoon cross-beds. At base is a 
10 cm bed of sandstone pebbles, 1-2 cm diameter, in 
a sandstone matrix.....................................  1.6

24 Sandstone, moderate red-brown, very fine grained,
subrounded, moderately sorted, calcareous cement; 
very friable, extensively bioturbated. Sample PP-21 . 1.1

23 Covered slope; probably calcareous sandstones and
siltstones...........................................  6.5

22 Coarse siltstones or very fine grained sandstone, 
moderate purple to moderate red-brown, subangular, 
moderate sorting; calcareous cement, in beds 5-25 cm 
t h i c k ...............................................  1.2

21 Sandstone, moderate red-orange to very pale orange, 
very fine grained, well sorted, subrounded, in fes
toon and wedge trough sets 20-100 cm thick; planar 
to concave up sets, tangential lower contacts; forms 
cliff. Laterally, to north, is composed of one 
large-scale tabular planar cross-set. Thickness 
varies from 4.5 to 6.1 m ............................. 4.5

Units 16 to 20 form another slope of moderate reddish orange to moderate 

reddish brown, highly variable sandstone with conglomerate, like Units 

26 to 22. Thickness varies from 12 to 15.2 m.
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Unit Description
Thickness
(meters)

20 Covered slope, probably red-brown to moderate
red-orange sandstone as below ......................  7.7

19 Sandstone, as in Unit 17. Two beds, each 1 m
thick. Structureless, lenticular beds, laterally
persistent only a few meters. Elsewhere a covered
slope ................................................ 2.2

18 Sandstone, moderate red-orange to pale orange, very 
fine grained, well sorted, subrounded; most is 
structureless sandstone, in very irregular lenses,
20-25 cm thick. Some horizontal, irregular lami
nations and very low angle cross-laminations. Bio- 
turbated. Sample P P - 1 2 ...................... .. . . 2.3

17 Sandstone, pale red on fresh surface; moderate red- 
orange, fine-grained to very fine grained, moderate 
sorting, subangular, about 10% chert grains, cal
careous cement; friable; faintly laminated; in ir
regular, thin beds with low-angle cross-laminations 
and festoon cross-laminations. A fining upward se
quence. Thins considerably laterally in tens of 
meters. Sample P P - 8 ................................. 2.7

16 Conglomerate, moderate gray to pale pink-purple, in 
a fine sandstone matrix. Very fine grained sand
stone and fine-grained carbonate rock cobbles, 2-20 cm 
in diam.; in channels. Laterally not present. Some 
ripple cross-laminations in coarse-grained sandstone 
at top. Imbrication and ripples indicate flow to 
northwest...........................................  .3

Base of Esplanade of McKee (1975).

[Wescogame Formation, slope unit of McKee (1975)]

15 Sandstone, moderate red, very fine grained, subangu
lar, moderate to well sorted, calcareous, friable; 
polished grains; wedge planar and tabular planar sets,
.3-2 m thick, with thin horizontally bedded units be
tween. Beds thicken upward. Irregular calcareous 
concretions in top bed. Sample P P - 9 ................  3.5

14 Sandstone, moderate red to moderate purple, silty, 
very fine grained, calcareous. Horizontally bedded 
to wavy (festoon and antidunes) and channelled . . . . 0.5
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Thickness
Unit Description (meters)

13 Sandstone; lithology and structures as in Unit 15.
Algal(?) structures present. Sample PP-55 ..........  5.0

Units 5 to 12 are similar to Units 26 to 22 and 20 to 16 in style, and 

comprise a crudely fining-upward sequence. They occur in part in a 

large channel, 3.0 m deep, cut into the top of Unit 4. Thicknesses of 

Units 5 to 12 vary from 7 to 4 m.
Thickness

Unit Description (meters)

12 Covered slope, probably very fine grained sandstone . 2.2

11 Sandstone, light red to very pale orange, mottled, 
very fine grained, well sorted, subrounded, frosted 
and clear grains, structureless. Sample PP-10 . . . .  .8

10 Covered slope, probably moderate purple, fine
siltstone  ............ ........................  .5

9 Siltstone, moderate red, medium-grained, calcareous; 
bioturbated, with calcareous concretions resembling 
caliche near top of unit. Sample P P - 5 3 ............  .2

8 Sandstone, moderate purple, very fine grained, with 
many chert grains; moderate sorting, subangular. 
Structureless. Bottom surface is a scoured surface.
Sample PP-54  .................. ....................  .2

7 Sandstone or coarse siltstone, very fine grained,
pale red, moderate sorting, rounded, highly calcare
ous with some silica cement; cross-beds in medium- 
scale, wedge trough and festoon units, obscured by 
bioturbation and diagenesis, dips to north-northwest.
Sample PP-11 .........................................  .9

6 Sandstone, moderate red to pale red-brown, very
fine grained, moderate sorting, subrounded, calcar
eous. Structureless, with sparse pebbles of sand
stone, limestone, and shale as large as 3 cm diameter; 
bioturbated........ .. .............................  .7
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Thickness
Unit Description (meters)

5 Sandstone, moderate red, very fine grained, moder
ate sorting, subrounded, structureless ..............  1.0

[Wescogame cliff unit of McKee (1975)]

4 Sandstone, gray-pink, very fine grained, well 
sorted, subangular, calcareous cement; calcite 
grains common, trace of limonite; clear, unfrosted 
grains; in tabular planar cross-sets, k-2 m thick, 
tangential, lower contacts, laterally replaced by 
wedge planar and wedge trough cross-sets; forms 
cliff. Top is channelled. Unit varies from 3.5 to 
7.0 m in thickness. Sample P P - 2 5 ..................  3.5

3 Sandstone, pale purple; subcalclitharenite, with 
sparse cobbles of limestone near base; moderately 
to poorly sorted, subangular to subrounded; shaley
toward top; forms reentrant ........................  1.0

2 Sandstone, lithology as in Unit 4, except near base, 
where calcite grains compose more than 20% of rock.
Forms cliff. Sample PP-26 ........................... 7.5

1 Interbedded sandstone and conglomerate. Sandstone: 
very fine grained, with minor interbedded 
siltstone, subrounded, moderate sorting, very fri
able, calcareous cement; some lenses are medium- to 
coarse-grained sandstone; calcarenite to calcsublith- 
arenite; coarser sands commonly with pebbles of moder
ate gray microsparite and moderate gray sandstone. 
Cross-bedding is indistinct, irregular, low-angle 
cross-beds and festoons, in units 12 cm or less thick. 
Poorly exposed. Conglomerate: rounded cobbles and
pebbles (1-10 cm diameter) of sandstone and lime
stone. Poorly exposed. Sample PP-3 ................  2.0

Total thickness of Queantoweap Sandstone ............  117.4

Underlying Carbonate Units (Manakacha Formation?) 
(Incomplete)

4 Sandy calcarenite, red to purple-gray, medium- to 
fine-grained sand, subrounded, well sorted. About 
65% calcite grains, 35% quartz and minor feldspar 
grains, cemented with sparry calcite; lower 3/4 of
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Unit Description
Thickness
(meters)

unit is wedge planar and wedge trough cross-sets in 
sets *£-1 m thick; upper $£ is climbing ripple bedded.
Samples PP-1 and P P - 2 ............................... 3.7

3 Covered slope; may be siltstone as below ............  4.0

2 Siltstone and minor shale, pale red-brown to light 
red, poorly exposed; bioturbated. At base is % m 
of very fine grained, pale yellow sandstone, silica- 
cemented. Laterally, a thick limestone pebble con
glomerate is present. About 100 m to the north, 
this unit is not present, and only sandy calcarenite 
units (as in Unit 4) are present. Base of unit is 
a scour with several meters relief ..................  4.0

1 Calcarenite, moderate gray with much quartz sand; 
sparry cement; horizontally bedded with irregular 
laminations resembling ripple lamination; upper 2 m
contains much red c h e r t ............................. 8.0

Total of measured Manakacha (incomplete) ............  19.7

Base of section is very pale yellow-orange to pale pink, very fine 

grained calcareous cemented, structureless sandstone.
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Location

Virgin River Gorge Section

Center of SW*£, Section 12, T. 41 N., R. 14 W., Mohave County, 

Arizona. U. S. Geological Survey 15 minute quadrangle series (topo

graphic) , Littlefield Quadrangle.

A large ridge in the western half of Section 12 is joined by a 

saddle to a small hillock in the northwest corner of Section 13. The 

interstate highway passes through a roadcut in this saddle. The measured 

section is reached by parking on the north shoulder of the interstate at 

the west end of the roadcut. Cross the fence and walk north about 600 m 

(2000 ft), moving up-slope slightly as you go.

Better exposures of the lower part of the section occur in the 

arroyo in the southeast quarter of Section 12, but the arroyo walls are 

nearly vertical and cannot be scaled.

Previous Work

Reeside and Bassler (1922) measured a section of pale yellow 

sandstone in the Virgin River Gorge and referred to it as Supai Formation.

Top of section is top of ridge. Top of section is not top of 

Queantoweap lithology. Remainder of the Queantoweap-"Coconino" sand

stone section is exposed in large cliffs 1 % miles north of measured sec

tion top. The "Coconino" and Queantoweap units are continuous in this 

area, with a few very thick to thin (0-2 m) interbeds of flat-bedded, 

moderate red-brown siltstone (Hermit lithology; sample SG 20). The top 

of this measured section is a conspicuous bench-forming unit which di

rectly underlies the lowest siltstone units.
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Figure A-2. Location of Virgin River Gorge Measured Section.
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Queantoweap Sandstone

15 Sandstone, pale yellow-orange, gray-orange, or paler
colors, fine-grained, subrounded, well sorted, slightly 
friable, cemented with silica and poikilotopic carbon
ate, good porosity; unit is one large tabular planar 
cross-strata set, dips to south; lower contact tangen
tial. Sample VG 6 0 ................................. >8.0

14 Sandstone, gray-orange, bimodal very fine grained and
medium-grained sandstone, moderate to well sorted, sub
rounded, calcareous cement; friable; a large tabular 
planar set, dips to south, high-angle, tangential lower 
contact which laterally becomes a stack of inclined 
wedge planar sets 1-2 m thick. Uppermost 2 m is struc
tureless, weakly bimodal sandstone and low-angle wedge 
planar cross-laminations that laterally become medium- 
scale wedge planar cross-strata. Unit forms a rounded 
cliff. Sample SG 6 1 ............................. 10.7

13 Sandstone, lithology as in Unit 15; one large-scale, 
tabular planar set with tangential lower contacts, 
dips to south; forms a bench or steep cliff. Sample 
SG 2 1 ........... ...................................  4.4

12 Sandstone, lithology as in Unit 15; one or two (varies 
laterally) large-scale, tabular planar sets with tan
gential, lower contacts, dips to south; forms a bench 
or cliff. Sample SG 1 4 ............................  19.2

11 Sandstone, moderate yellow-orange, bimodal, predomi
nantly very fine grained, subangular, moderate sorting, 
with a second mode of medium-grained, rounded, well 
sorted, frosted grains; friable; fine-grained calcite 
cement; structureless to faintly horizontally bedded; 
bioturbated. Near top, some low-angle, small- to 
medium-scale wedge trough and small-scale wedge planar 
beds as thick as 20 cm are present. Laterally, this 
unit seems to pinch out and underlying Unit 10 thickens.
Sample VG 5 6 ............................   6.7

10 Sandstone, very pale orange to light gray, very fine 
grained, moderate to well sorted, subrounded; very 
tightly cemented with silica; one large set of high- 
angle cross-strata, tabular planar, tangential lower 
contact, dips to south; vertebrate tracks common; 
forms desert varnish stained bench ..................  21.4

Thickness
Unit Description (meters)
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9 Sandstone, varicolored, very fine grained, well 
sorted, subrounded; the unit is zoned; the upper 
zone is one meter thick and tightly cemented with 
silica; lower zone has silica cement with minor car
bonate cements and hematite coatings; uppermost zone 
is very light gray, noncalcareous. This zone extends 
downward irregularly into pale yellow-red to yellow, 
calcareous, silica-cemented sandstone. This unit is 
one large-scale tabular planar high-angle set with 
tangential lower contacts. Second-order surfaces 
present. Sample VG 55 ................... ............ 8.2

8 Sandstone, very pale orange to pale yellow-orange, 
very fine grained, rounded, well sorted, silica- 
cemented with minor carbonate and hematite; Top 1.5 m 
is a structureless to very faintly bedded unit, 
horizontally bedded sandstone with burrows present 
at its base. Remainder of unit is two planar tabular 
sets of high-angle cross-strata, with minor reactiva
tion surfaces. Samples VG 20, VG 1 0 ................  11.6

7 Sandstone, pale yellow-orange, very fine grained,
well sorted, subangular, silica and calcareous cement.
Unit is dominantly festoon and wedge trough units .5-1 m 
thick. Troughs have an exposed length of 5 m and a 
depth of .5 m. Some interbedded and overlying horizon
tally, irregularly, discontinuous, thick- and thin- 
bedded sandstone. Sample VG 19, Vg 5 2 ..............  5.4

6 Sandstone, grayish orange to very light gray, very
fine grained, well sorted, subrounded, siliceous ce
ment; some bimodal sandstone is present. Toward top 
of unit, gradationally becomes more yellow and amount 
of calcite cement increases until the top 1-2 m is 
similar to Unit 5 in lithology and structures. Most 
of unit has very indistinct or no structures. Seems 
to be horizontally, irregularly to regularly bedded 
sandstone at base, laminations !$-l cm thick, overlain 
by festoon and wedge trough cross-strata, progressively 
thicker sets upward, in sets 5-25 cm thick. A short 
distance laterally, 1 m thick wedge planar cross-strata 
are present. Samples VG 18, SG 6 ..................  9.2

5 Sandstone, pale yellowish orange, well sorted, sub
rounded, silica cement; about 70% of this unit is 
horizontally, discontinuously, irregularly and regu
larly, very thinly bedded and laminated sandstone

Thickness
Unit Description (meters)
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(.5-2 cm thick beds), and very low angle tabular
planar sets 5-15 cm thick, with dips toward south;
interbedded are festoon and wedge trough cross-strata
sets in sets 15-25 cm thick and tens of meters long,
high-angle, tangential and abrupt basal contacts,
dips toward south, which laterally pinch out into
horizontally bedded sandstone. This unit is well
fractured and weathers to form rounded ledges and
rubbly slopes. Samples SG 5, VG 5 1 ................  13.6

4 Sandstone, pale yellowish orange to brightly color 
banded in shades of yellow-orange to red, very fine 
grained, well sorted, sub angular, tightly cemented with 
silica, with some carbonate cement; structureless, 
although upper part may be horizontally bedded as 
in Unit 5. Unit is badly fractured and color banding 
is related to fractures; iron-rich, gypsiferous silt 
irregularly fills fractures. Wedge planar cross
strata in sets 50 cm thick are present but not abun
dant. Forms a gray to yellow cliff. Sample SG 4 . . 7.2

3 Sandstone, pale yellow to grayish orange-pink and
dark yellow-orange, very fine grained, subangular to 
subrounded, well sorted, cemented with silica to a 
very low porosity rock. Beds are 1-2 m thick, pre
dominantly structureless; some very fine horizontal, 
irregular, discontinuous bedding 1-2 cm thick; pos
sibly some cross-beds of indeterminate shape at top 
of unit where unit is most siliceous. Base of unit 
is distinctly more calcareous and has interbedded 
dark yellow-orange, gypsiferous, coarse siltstone.
This unit is badly fractured and is often a jumble 
of angular cobbles. Unit forms a steep pink slope 
between Units 2 and 4. Samples VG 16, VG 17, SG 3 . . 8.7

2 Sandstone, very pale orange with color banding, very 
fine grained, well sorted, subangular, well indu
rated with silica overgrowths; unit is badly frac
tured to chaotic; 80% of unit was probably horizon
tally bedded, as in overlying units, and 20% festoon 
troughs, small-scale, with high-angle dips to east 
and southeast; bottom contacts tangential, upper con
tacts erosional; some contorted bedding. Samples 
SG 2, VG 24, VG 2 7 ................................... 8.6

1 Sandstone, neutral gray colors to pale yellow-orange, 
very fine grained, well sorted, rounded grains; very 
weakly cemented with gypsum, although locally has

Thickness
Unit Description (meters)
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calcareous or siliceous cement; trace of calcite 
and chert grains; at base of unit is one set of 
cross-strata 2 m thick, tabular planar, high-angle, 
tangential bottom contacts, dips to southeast.
Rest of unit is irregular, horizontally bedded 
sandstone. This unit is very soft and often is 
hidden by torewa and slump blocks. Samples SG 1,

Thickness
Unit Description (meters)

VG 12, VG 13, VG 15 . . .............................  12.6

Total of measured Queantoweap Sandstone
(incomplete) 155.5

Conformably underlain by Pakoon Formation.

3 (red siltstone marker equivalent?) Siltstone, rose at 
bottom to pale yellow at top, fine-grained calcareous; 
thin lenses of very fine grained yellow-orange sand
stone present, perhaps in channels; near base of unit 
are traces of vuggy, aphanocrystalline dolomite. Unit 
is very soft and is covered slope at most localities . 5.0

.2 Sandstone, grayish orange, well sorted, subrounded,
very fine grained, much calcareous cement, some grains 
being replaced by calcite; lower 2/3 of unit is very 
low angle to horizontally bedded; upper 1/3 is small- 
scale cross-beds, in beds 4 cm thick, tabular, high- 
angle, planar to concave up, tangential lower contact, 
erosional upper contacts. Samples VG 11, VG 10 . . .  1.25

1 Dolomite breccia, no sorting, very angular clasts as 
large as 10 cm; only a hint of original bedding pre
served. Breccia clasts composed of aphanocrystalline 
dolomite, pale yellow-orange to very pale orange, cal
careous. Sample VG 9 .............. ............ . . .5

Total thickness of Pakoon Formation measured
(incomplete) .........................................  6.75
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Lime Kiln Canyon Section

North Virgin Mountains, Arizona. T. 38 N., R. 16 W. (unsur

veyed) . Section is reached by driving southeastward from Mesquite,

Nevada through Lime Kiln Canyon and through the pass at the top of Lime 

Kiln Canyon into the unnamed canyon northwest of Lime Kiln Mine (Figure 

A-3). Present topographic maps show this road as descending the north 

slope of the canyon, but a newer road has been graded which follows the 

south slope. The top of this section is on the new road, 3/10 mile 

southeast of the pass, on the southwest side of the unnamed canyon. The 

lower part of the section (Units 1 and 2 of the Queantoweap, the red 

siltstone marker, and the uppermost Pakoon) was measured on the east

facing slope of the next arroyo east.

The area is crossed by several northwest-trending faults of small 

displacement and is further complicated by undermining of the hillside 

as the gypsiferous upper Pakoon is eroded. Toreva and slump blocks are 

abundant.

Walter Pierce (personal communication, 1977) believes the Queanto

weap of northwestemmost Arizona and adjacent Utah does not correlate 

with the Queantoweap type section (Esplanade of McKee (1975), exposed at 

Paw's Pocket). He would like to establish a new name for the Queantoweap, 

the Lime Kiln Formation, and make this area the type area.

Location



Figure A-3. Location of Lime Kiln Canyon Measured Section.
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Previous Work

Seager (1966) measured sections in the northern Virgin Mountains, 

but not at this locality. Moore (1972) briefly discusses the Queanto- 

weap/Hermit relationships of the Virgin Mountains.

Top of section, road near the Hermit/Queantoweap boundary.

Thickness
Unit Description (meters)

8 Sandstone, moderate reddish orange to moderate orange 
pink, very fine grained, well sorted, subangular to 
subrounded; well rounded, frosted grains of greater 
size (1 or 2 phi) are locally very conspicuous, con
centrated in separate laminae; silica cement and car
bonate cements are present; the unit is conspicuously 
mottled to moderate red-orange or darker reds toward 
the top. The mottling is in irregular lobes, extend
ing down from the highly oxidized overlying Hermit 
beds, and cuts across cross-set bounding surfaces.
Unit is cross-bedded in wedge planar and tabular 
planar sets, usually 1 m thick, but varying from 25 
cm to 4 or more meters, cross-strata are high-angle, 
medium- to large-scale, planar to concave up with tan
gential lower contacts; laminae are 2-12 mm thick; 
dips are consistently to the south. Loweamplitude 
ripples and horizontal and vertical burrows (5 mm 
diameter by 5 cm long) are locally abundant. Contact 
with overlying Hermit Siltstone is gradational. Up
permost Queantoweap sets have rare red siltstone in
terbeds. Upward, these become more common, as the 
interbedded cross-strata become finer grained, more 
intensely oxidized, and cross-laminations less dis
tinct. Over 80% of this unit is cross-strata; re
mainder is horizontally bedded, structureless units, 
often with distinctly bimodal grain sizes. Two 
weakly developed benches divide this unit into 3 
unequal parts. Benches occur at 15.1 and 37.0 m above 
unit base. They are supported by very thick (3-5 m) 
sets of high-angle, tabular planar cross-strata, are 
more siliceous than the remaining unit, and are neutral 
gray in color. These benches cannot be traced later
ally for more than a few hundred meters. The lower 
bench-forming unit is underlain by large-scale tabular 
planar cross-strata which laterally become medium- 
scale tabular planar and wedge planar cross-strata.
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The upper bench-forming unit is underlain by inter- 
bedded structureless, horizontally bedded sandstone 
and medium- and large-scale planar tabular cross
strata. Overlying the upper bench are several meters 
of structureless, horizontally bedded sandstone and 
one large coset of tabular planar cross-strata with 
gently inclined reactivation surfaces. Samples LK 9,
LK 10, LK 20, LK 21, LK 44, LK 45, LK 46 ............. 49.0

7 Sandstone, moderate orange-pink to pale yellow-
orange, very fine grained, well sorted, subangular, 
calcareous and silica cement; wedge planar cross
strata, sets 50-100 cm thick with high-angle dips to 
the south, bottom contacts tangential. This unit 
makes a distinct bench. Sample LK 4 3 ..............  7.0

6 Covered slope ....................................... 5.3

5 Sandstone, moderate orange-pink or lighter, very 
fine grained, well sorted, subangular, very well 
cemented with silica, weakly bimodal grain size dis
tribution; large-scale tabular planar cross-strata, 
in one or possibly 2 sets, with tangential bottom 
contacts, dips to the south; rare contorted bedding.
A very tight quartzose sandstone which forms a wide
spread bench. Sample LK 8 ........................... 12.0

4 Sandstone, moderate red-orange, well sorted, silica 
cement; nodular, irregular, very thin, horizontal 
bedding; poorly exposed slope unit ..................  4.0

3 Sandstone, pale yellow-orange to moderate orange- 
pink, very fine grained, well sorted, subangular, 
silica cemented at top of unit, more calcareous ce
ment near base; wedge planar and tabular planar 
cross-strata, in sets 3 or more meters thick, with 
reactivation surfaces, tangential lower contacts.
Basal 2 m is horizontally bedded, regularly to ir
regularly laminated sandstone with some interbedded, 
low-angle wedge planar cross-strata with abrupt 
basal contacts. Samples LK 41, LK 42, LK 7 ........  10.4

2 Sandstone, lithology as in Unit 3; usually a rubbly 
slope of calcareous and siliceous cemented cobbles.
About %  of this unit is cross-bedded in wedge planar 
and tabular planar sets between 10 cm and 1 m thick
ness and minor trough cross-stratification. Most of 
the unit is irregular, very thinly to thinly,

Thickness
Unit Description (meters)
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Thickness
Unit Description (meters)

indistinctly bedded. Rare low-amplitude ripples
are present. Samples LK 1, LK 2 . . . ............... 24.9

1 Sandstone, lithology as in Unit 3; obscurely bed
ded, in very thinly to thinly, irregularly, hori
zontally bedded units; interbedded are small- and 
medium-scale wedge planar and wedge trough cross
strata. Thickness varies considerably as boundary 
with Unit 2 is picked as the base of the first thick- 
bedded cross-strata unit; 5-15 m thick. Samples
LK 3, LK 4, LK 6, LK 3 0 ............................. 10.0

Total thickness of Queantoweap Sandstone........ .. . 122.6

Red Siltstone Marker

1 Siltstone, moderate red-brown, very coarse grained 
silt, platy; laminated in laminations .1-1 cm 
thick; some horizontal burrows and parting linea- 
tions; plant impressions present. Interbedded are 
lenticular to channel-bedded sand bodies, very fine 
grained, moderately sorted, subrounded, pale red 
color, silica-cemented, very hard; in beds less than 
1 m thick, structureless ............................. 8.1

Contact with underlying Pakoon is conformable.

Pakoon Formation

11 Lithology as in underlying Unit 10, only more sili
ceous cement; one to two sets of festoon cross
lamination .......... ................................  .3

10 Sandstone, pale yellow-orange to very pale orange, 
laterally is darker red to almost neutral white, 
with abundant iron oxide halos, giving rock a pep
pered appearance, very fine grained well sorted, 
subrounded, some frosted grains are present, but 
most are polished, calcareous and siliceous cement; 
cross-laminated in sets 10 cm thick or less, tabular 
and festoon sets with planar and concave surfaces, 
highly variable. Current flow was polymodal, perhaps 
bimodal in places. Laterally this unit is very 
chaotic due to brecciation and re-cementation with 
some of the original festoon shapes partially 
preserved 1.7
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9 Lithology as above but distinctly white to dusky 
red mottling. Vuggy on surface from differential 
weathering. Badly brecciated ......................  1.0

8 Sandstone, moderate gray, very fine grained, very 
dolomitic, laterally grades into sandy dolomite; 
in 18 cm thick, structureless beds with green shale 
partings.............................................  .4

7 Slope unit, estimated as being 80% red siltstone and
the remainder pale gray dolomite as in Unit 6 . . . .  4.6

6 Dolomite, pale to dark gray, medium crystalline with
green shale partings; irregular lenticular beds . . .  1.0

5 Sandstone, light red, very fine grained to fine
grained, subrounded, well sorted, silica-cemented 
with later carbonate pore filling and replacement; 
faint cross-laminations present, dips to southeast, 
in units 25 cm thick of undetermined shape..........  1.5

4 Dolomite, very pale gray, very finely crystalline; 
in beds 4-25 cm thick; vuggy, abundant birds-eye 
structures...........................................  .8

3 Interbeds of equal amounts of variegated shale (gray, 
green, purple) and shale breccia, clasts as large as 
5$ cm size; and gray dolomite, finely crystalline, 
some finely laminated (algal?), occurring as a dolo
mite breccia with clasts 1-4 cm diameter. Birdsreye 
structures occur in the dolomite. Breccia is 5% 
dusky red clay m a t r i x ............................... 1.5

2 Sandstone, white to pale gray to pale purple, very 
fine grained, subangular to subrounded, moderately 
sorted; units 10-30 cm thick. Units near top are 
cross-bedded 10 cm thick, lower contact tangential, 
dipping about 25°, with scour and fill structures.
Ripples present with a ripple index of 10, asymmet
rical, irregular form. Some low-angle cross-sets 
interbedded. At base, units are thicker with purple 
siltstone clasts between 1 and 4 cm diameter. Base 
is a scoured surface. Some hematite concretions are 
present

Thickness
Unit Description (meters)

1.3
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Unit Description

1 Unmeasured. Siltstone, pale to moderate purple, 
with yellow and purple siltstone clasts.

Total thickness of measured Pakoon (incomplete) 
(exclusive of Red Siltstone Marker)

Thickness
(meters)

14.1
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Frenchman Mountain Section

(Unsurveyed) Section 19, center of section, and NW$s of Section 

30, both in T. 20 S., R. 63 E., Clark County, Nevada. Section measured 

in three overlapping legs. The red siltstone marker was measured in the 

SŴ s of Section 19. Unit 1 of the Queantoweap was measured in the cen

tral part of Section 19. The remainder of the section was measured in a 

watergap cut through the Queantoweap hogback in NWk of Section 30.

Previous Work

Welsh (1959) measured 329 ft of sandstone at this locality which 

he assigned to the Queantoweap. Brill (1963) assigns approximately 

330 ft to the Queantoweap at this locality. Lumsden, Ledbetter, and 

Smith (1973) measured the carbonate rock portion of the Pakoon and as

signed all Pakoon evaporites to the Queantoweap.

Section overlain by Hermit Formation. Gradational contact. 

Abundant bedding plane faults. Forty feet overlying Queantoweap is mostly 

covered slope; sparse outcrops of very fine grained sandstone with silt- 
stone partings; red to pink, moderate sorting, bioturbated, carbonate ce

ments; structureless to low-angle cross-laminated with some interbedded 

1-2 m thick beds of high-angle cross-strata as in the upper Queantoweap.

Queantoweap Sandstone

Thickness
Unit Description (meters)

8 Sandstone, light red to pale pink, very fine grained, 
well sorted, subrounded; in thick, structureless beds;

Location



Figure A-4. Location of Frenchman Mountain Measured Section.
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some show very faint high-angle cross-lamination with 
dips toward the southeast. Some thin beds of low- 
angle cross-lamination may also be present directly 
below and gradational to the thick, cross-laminated 
b e d s ........................ ......................

7 In descending order:

Approximately 1.5 m of sandstone, yellow-orange, 
very fine grained, well sorted, subrounded; in Jfi-1 m 
thick beds; obscure high-angle cross-lamination.

Approximately 5.5 m of sandstone, pale pink, very 
fine grained, well sorted, subrounded; in thick beds 
with very obscure cross-laminations, high-angle, 
planar tabular, tangential lower contacts, dips to
ward southeast. Sample FM 49.

Approximately 1 m of sandstone, pink, very fine 
grained, well sorted, subrounded, gypsiferous, very 
friable, structureless.

Approximately 3 m of sandstone, pink, very fine 
grained, well sorted, subrounded; in thick, structure
less beds. May have obscure, high-angle cross
laminations .

Approximately 1.5 m of sandstone, pale pink, very 
fine grained, subrounded, well sorted, friable; 
horizontally laminated with abundant burrows; lat
erally is high-angle cross-laminations in wedge 
planar, thick and thin sets ....................... .

6 In descending order:

Two beds (0.5 and 0.8 m) of sandstone, white to very 
pale orange-pink, very fine grained, well sorted, 
rounded; wedge planar, high-angle cross-strata, dip
ping to the southeast, moderate burrowing. Forms 
gray to pink ridge with much desert varnish.

Approximately 1.1 m of sandstone, pale red to pink, 
very fine grained; in 10-30 cm thick structureless 
beds. Sample FM 48. Interbedded with very soft, gyp 
slferous, moderate red, very fine grained sandstone. 
Poorly exposed.

Unit Description
Thickness
(meters)

5.4

13.8
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Approximately 0.5 m of sandstone, dark yellow-orange, 
very fine grained, structureless. Much limonite 
stain on bed top.

Approximately 1.5 m of sandstone as in Unit 5; 
structureless. Sample FM 47 . .......................  4.5

5 Sandstone, pale yellow-orange, very fine grained, 
well sorted, subrounded, silica and dolomitic ce
ments, weathers to variegated yellows, pinks, and 
grays. Top bed has much limonite stain. In five 
beds, each .7-1.3 m thick. Middle beds are high- 
angle, tabular planar cross-strata with tangential 
lower contacts, dips toward the southeast; top and 
bottom beds are structureless or very faintly 
cross-laminated........ - ........................... 6.3

4 Sandstone, grayish orange-pink to moderate orange- 
pink, very fine grained, well sorted, subangular, 
silica and minor dolomitic cement; lower 1/5 of unit 
is dominated by thin sets of low- and high-angle, 
wedge planar cross-bedding, moderately bioturbated; 
upward, this gradationally becomes 1-4 m thick sets 
of tabular planar, tangential bottom cross-strata.
Sample FM 46 . . : ................................... 21.0

3 Sandstone, very pale orange to pale yellow-orange,
very fine grained, subrounded, well sorted, siliceous 
cement and rare calcareous cement, slightly friable, 
limonite stained; structureless to horizontally lami
nated beds .5-3 m thick; laminations are parallel, 
continuous, irregular (wavy); bioturbation by predomi
nantly horizontal and some vertical burrows, h  cm in 
diameter. Upper half of unit has thin to thick festoon 
and wedge planar cross-strata in thickening upward 
and thinning upward sequences, with very small lateral 
extent. This unit forms a recess. Sample FM 45 . . . 14.9

2 Sandstone, lithology and color as in Unit 4; basal 
.75 m is composed of thin to thick sets of festoon 
cross-laminated sets with tangential lower contacts, 
highly variable in shape and direction of dip, over- 
lain by a transitional zone of thick wedge planar 
sets of cross-strata; bulk of unit is composed of 
tabular planar sets of cross-strata 1-3 m thick; top 
1 m of unit has thinner, wedge planar sets like those 
near the unit's base. Forms ridge. Samples FM 2,
FM 4 4 .............. ................................  14.3

Thickness
Unit Description (meters)
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1 In descending order:

1.8 m of sandstone, very pale orange to yellowish 
orange, very fine grained, subrounded, well sorted; 
structureless thin to thick horizontal beds; extreme 
bioturbation; some indistinct ripple marks and lami
nations; possibly very low angle cross-laminations 
are present. Base of some beds are shaley with a 
pale yellow-green color. Samples FM 1, FM 3.

12 m of sandstone, pale yellow-orange, very fine 
grained, well sorted, subangular, dominantly sili
ceous cement, but calcareous and gypsiferous cements 
are common; cross-laminated tabular planar and wedge 
planar sets, .5-3.5 m thick; laterally these sets 
thicken and thin and the lower tangential boundary 
laminae thicken, replacing the cross-strata with 
horizontally, discontinuous, very thinly bedded 
sandstone with some low-angle ripple lamination.
Samples FM 4, FM 5, FM 21, FM 43.

10 m of sandstone, as above, although laterally it 
grades into pale red to pink colors, or pale green; 
heavily veined with gypsum, which makes structures 
obscure. Uppermost 2 m is structureless sandstone 
but laterally this has been totally or partially re
moved, bound on top by a very low relief erosion sur
face. Most of unit is wedge planar and tabular planar 
cross-strata, in sets .25-1 m thick, with original 
dips toward the south of 11-26°. Bedding thickness de
creases downward and base of unit is small-scale wedge 
planar and festoon (wave dominated) cross-lamination 
with highly variable dip directions. Base of unit 
often has gypsiferous cement. Samples FM 6, FM 31,

Thickness
Unit Description (meters)

FM 41, FM 42 .........................................  23.8

Total thickness of Queantoweap............ ..........104.0

Red Siltstone Marker

6 Gypsiferous sandstone, variegated, pink to yellow,
interbedded with soft, non-fissile red shale and silt- 
stone; veindd with gypsum. Sandstone is very fine 
grained, locally 30% gypsum, well sorted, subangular, 
structureless, containing some clay flakes. In len
ticular beds 30 cm thick by 10 m wide, bottom scoured.
Sample FM 3 2 .......... ..............................  1.3
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Thickness
Unit Description (meters)

5 Interbeds of siltstone (40%) , shale (20%), and gyp
sum (40%). Siltstone in dense, silica-cemented 
layers about 15 cm thick, interbedded with gypsum, 
mean crystal size of about .25 mm, white with red- 
brown shale partings. Red non-fissile shale over- 
lies the siltstone and gypsum b e d s ..................  .8

4 Sandstone, light red-brown, very fine grained, mod
erate sorting, subrounded, silica-cemented; in len
ticular and trough-shaped beds with no internal 
structures, containing clay and gypsum fragments . . .  .3

22 Cyclic beds (from base to top, 3 cycles):

1) dolomite, dark gray, finely crystalline; in 
20-50 cm thick beds;

2) shale, light gray, very fissile; in 5-10 cm 
thick beds;

3) gypsum, white with red shale laminations; mean
crystal size about .25 mm; in 10 cm thick beds . . 1.5

1 Shale, variegated (red, purple, gray) with sandy
lenses within; veined with g y p s u m ..................  .5

Total thickness of Red Siltstone M a r k e r ............  5.1

Conformably overlies and is gradational with dolomites 
and evaporites of uppermost Pakoon Formation.



North Bird Spring Range Section

Clark County, Nevada. Section 13, T. 23 S., R. 58 E. and Sec

tion 18, T. 23 S., R. 59 E.

Section measured along a line at right angles to strike, across 

a broad shallow valley formed by the erosion of the softer red siltstone 
marker and Queantoweap units of Welsh (1959). At the base (east) end of 

the section are some low hills of dolomite and limonite-stained sandstone 

of the Pakoon Formation. The top of the measured section is the base of 

the Bird Spring Range, here composed of a red siltstone sequence (basal 

Hermit Formation of Welsh) and a cross-bedded sandstone sequence (upper 

Hermit of Welsh, Queantoweap of Bissell, 1969). The Toroweap and Kaibab 

Formations cap the ridge.

Top of measured section. The section is overlain by interbedded 

dark red siltstones and dolomites which Welsh included in his Hermit 

Formation. The overlying unit is 2 m of dark red siltstone, bioturbated, 

with some ripple cross-lamination. It is overlain by dolomite. I see no 

reason why the base of the Hermit was picked by Welsh as this horizon.

"Queantoweap Sandstone" of Welsh 

Top of unit.

Thickness
Unit Description (meters)

46 Siltstone, pale green,calcareous, with flaser bedded 
days; ripple laminations and small scours present;

. also some very thinly, horizontally bedded siltstones 
interbedded with pale green very fine grained 
sandstone

Location

1.8
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Figure A-5. Location of North Bird Springs Range Measured Section.
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45 Sandstone, pale yellow to pale green, very fine
grained; very thinly, horizontally bedded; under
lain by very thin bedded cross-laminated (wedge 
trough to festoon) sandstone. Parting lineations on 
upper surface show flow to north or south, cross
strata are low angle, concave up, with similar flow 
directions. Laterally, this interval is a hodge
podge of interbedded green very fine grained sand
stone and s h a l e ..................................... .6

44 Sandstone, very fine grained and coarse siltstones, 
as in Unit 45; very low angle cross-laminated, bio- 
turbated by 1.5 ran diameter burrows. Also present 
are small troughs, 5 cm deep, filled with festoon 
cross-laminations. Downward this unit becomes finer 
grained and grades into platy, pale green, friable 
siltstone. Sample BS 3 .................. .......... .3

43 Siltstone, coarse, and very fine grained sandstone, 
grayish orange; at top is 13 cm of festoon cross
laminations, typically in festoons 1.5 cm thick by 
10 by 20 cm, becoming larger with lower angle dips 
downward. Underlain by 14 cm of planar, horizontal
ly (?) bedded sandstone. Overlies a 2 mm clay slip 
of green clay with mudcracks and asymmetric ripples.

Thickness
Unit Description (meters)

Sample BS 4 . .......................................  .3

42 Silty shale, moderate grayish green, micaceous; forms
slope ................................................ 1.5

41 Sandstone, light grayish green, very fine grained,
micaceous; irregular, horizontally, very thinly bed
ded; poorly exposed ................................. .3

40 Covered slope. Green shale? ......................... 1.5

39 Partially dolomitized fine calcarenite, pelletoidal, 
recrystallizing to medium crystalline dolomite, 
yellow-gray; toward top is darker and more grayish.
Thin to very thinly bedded. Sample BS 9 ............  .7

38 Sandstone, very fine grained and coarse siltstone, 
micaceous; pale green-gray with traces of moderate 
purple at base; a coarsening upward sequence. Thinly 
bedded and thinly cross-bedded, in low conglomerate.
Shale present as thin lenses at base 4.0
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37 Dolomite, pale yellow-brown to yellow-gray, aphano- 
crystalline with abundant hairline fractures lined 
with calcite, about 2% moldic porosity after bi
valves and gastropods; beds are 20-30 cm thick.
Dolomite near unit top is finely crystalline, par
tially dedolomitized medium calcilutite; moderate 
to poorly sorted, angular grains; algal laminations

Thickness
Unit Description (meters)

present. Sample BS 11 . . ...........................  .8

36 Coarse siltstone, very pale orange to pale green-
gray, moderate sorting, angular, calcareous; struc
tureless. Sample BS 1 2 s ............................. .5

)35 Dolomite as in Unit 37. Sample BS 1 2 d ............ .5

34 Covered slope, probably lithologically like Unit 36, 
with some interbedded limestone and dolomite. Car
bonates occur as very light gray to yellowish gray, 
aphanocrystalline, about 15% porosity after gastropod 
shells with high conical spirals, maximum size of 
1 cm, mean size (fragments) about 2 mm; in beds as 
great as 45 cm thick. Sample BS 1 4 ................  5.5

33 Siltstone, moderate red-brown, rounded, moderate sort
ing, subarkosic, very faint traces of various types of 
ripple lamination, mostly type A ripple drift cross
lamination in festoon shapes, transport to west. Fes
toons less than 5 cm deep by 20 cm wide by 20 or more 
centimeters long. Interbedded with very fine sand
stone, red-brown, in very thinly bedded, tabular, bio- 
turbated beds, burrows 2 cm in diameter. Current flow 
toward north and west. Sample BS 1 5 ................  2.5

32 Sandstone, very pale green to pale yellow-orange to
gray, very fine grained, moderate sorting, subangular, 
about 10% chert, 5% feldspar, 1% magnetite, irregular 
limonite concretions replacing pyrite; very thinly, 
horizontally bedded 2-5 mm laminations. Scoured base, 
shale flakes present at base. Some possible ripples; 
bioturbated............ ........................ .. 7.4

31 Siltstone, moderate red-orange, coarse silt size,
moderate to well sorted, with accessory chert, magne
tite, Fe-Mg minerals, and feldspars; hematitic and 
silicic cement; 3 mm diameter burrows. Sample BS 17 . 10.6
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Thickness
Unit Description (meters)

30 Sandstone, yellow to pink, very fine grained, 
otherwise as in Unit 29; bioturbated, no visible 
cross-strata; beds are as great as 10 cm thick; 
top is gradational with overlying unit .............. 1.0

29 Sandstone, pale gray, very fine grained, calcare
ous cement, slightly arkosic with some dark mica 
and Fe-Mg minerals; toward base contains abundant 
shale chips; obscure, very thinly bedded with very 
faint low-angle cross-laminations. Sample BS 19 . . . 0.5

28 Covered slope of shale(?), dark gray-green, 
fissile?.................. •......................... 4.2

27 Sandstone, pale gray, very fine grained, moderate 
sorting, subrounded, progressively finer grained 
and less iron-stained upward.

From top to bottom:

15 cm of extensively bioturbated sandstone.

70 cm of sandstone as above but in 1-4 cm thick, very 
low angle to horizontal laminations, progressively 
thicker laminated and yellower downward.

25 cm of white to yellow, very fine grained sandstone, 
poorly cemented, subangular, moderate sorting; in 
lenses 20 cm thick by 40 cm wide with unknown maximum 
dimension.

45 cm of yellow, iron-stained sandstone, peppered ap
pearance; upper part very soft and structureless; 
lower part has low-angle cross-laminations and festoon 
bedding, 30 by 6 cm by ? maximum dimension; tangential 
and sharp scoured lower contacts.

Remainder of unit is thinly laminated, $5-2 cm thick, 
very fine grained sandstone, gradational with the 
underlying siltstone ................................. 2.1

26 Siltstone, red at top with some interlaminated very 
fine grained sandstone as above, low porosity, firmly 
cemented with calcite; a coarsening upward sequence. 
Interbedded with and grading into very fine grained 
sandstone and green siltstones below; reduced at base 
of unit. Sample BS 22 ............................... 1.7
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25 Sandstone, yellow-gray, moderate sorting, subrounded, 
siliceous; top is darker color with calcite pres
ent, and friable; trace of Fe-Mg mineral grains; 
very heavily bioturbated. Separated from underlying 
unit by a very irregular contact, which may be entire
ly diagenetic or related to bioturbation. Sample 
BS 2 3 ...............................................  1.0

24 Sandstone, very fine grained to siltstone, pale gray 
to pale green, calcareous; mostly horizontal bedding 
in units 10-20 cm thick, progressively thinner bedded 
downward; some faint troughs present; bioturbated, 
burrows .5-1 cm diameter..............................  1.0

23 Covered slope. Covered with coarse, fissile silt-
stone, gray to pale gray-green color.................... 1.0

22 Sandstone, pale yellow to pale gray-green color,
very fine grained, moderate sorting, subangular; not 
exposed, but occurs as slope wash. Downward becomes 
less fissile and more oxidized (to pink and red 
c o l o r s ) ...............................................  2.5

21 Siltstone, pale reddish brown. Subarkosic, moderate 
sorting, rounded, calcareous, locally is silica- 
cemented; structureless, some suggestion of parallel 
laminations and 6 cm thick festoons. Sample BS 27 . . 8.75

20 Siltstone, very pale values of green to blue green
to grayish orange at top, calcareous, some silica ce
ment, fissile; parallel, even laminations, 1-3 cm 
thick, with a trace of ripple cross-laminations.
Unit forms a rubbly covered slope. Horizontal con
tinuity of less than 30 m. Sample BS 2 8 . . . . . . .  1.0

19 Sandstone, gray to yellow-gray, very fine grained,
well sorted, subrounded, calcareous cement, less than 
1% limonite after pyrite, which stains rock to give 
it a peppered appearance, friable, locally contains 
calcite grains; top 5-8 cm bleached to very pale 
yellow-gray, with silica cement; forms dip slope; dis
continuous, even parallel beds, about 10 cm thick; 
highly bioturbated, weathers to form slope of paral
lelepipeds with rounded comers. Sample BS 29 . . . .

18 Sandstone, yellowish gray, very fine grained, perhaps 
2% carbonate grains, subarkose, well sorted.

Thickness
Unit Description (meters)

2.6
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Unit

(Red

17

16

15

14

13

12

11

10

Description
Thickness
(meters)

subrounded, distinct pepper appearance, lighter 
colored toward top; beds are 10-20 cm thick with 
irregular to trough-shaped lower erosional sur
faces, troughs as large as 1 m wide, may show in
ternal lamination subparallel to lower surface, 
some low-angle to horizontal, thin-bedded, even 
discontinuous beds are interbedded. Sample

Siltstone Marker of Welsh)

Mostly covered slope. At top is a sandstone, pink, 
friable, fine-grained; with discontinuous, wavy, 
parallel bedding; becomes finer grained downward; 
most of slope may be coarse silt sized, moderate
red siltstone.......................................  12.0

Siltstone, moderate red-brown, coarse silt size,
with very fine grained sandstone l e n s e s ............  4.0

Sandstone, very fine grained to fine-grained, pale 
pink to neutral colors, subangular, moderate to poor 
sorting; upper meter is darker hued and laminated 
in horizontal laminations 1-3 cm thick; lower % m
is structureless..................................... 1.25

Sequence as in Unit 1 5 ............................... 1.75

Interlaminated siltstone and claystone with occasional 
lenses of sandstone as in Unit 12. Siltstone and 
claystone are pale red to moderate red-brown. Sand
stone lenses are 3 m wide, less than .5 m thick. Trace 
of gypsum p r e s e n t ...................................  3.75

Sandstone, pale pink, fine-grained to very fine grained, 
in beds 10-30 cm thick; lenticular, festoon cross- 
laminations poorly exposed............ ..............  1.0

Sandstone, moderate red-brown, very fine grained, sub- 
angular, poor to moderate sorting; discontinuous, wavy.
horizontal bedding. Basal bed 30 cm thick, beds pro
gressively thinner upward. Friable, progressively 
better cemented upward ............................... 4.5

Covered slope, probably pink, poorly sorted, very fine
grained sandstone and coarse siltstone with much
gypsum.............. -............... ................  1.0



Description
Thickness
(meters)

Sandstone, pale red, very fine grained, subangular, 
moderate sorting; even, horizontal laminae (.1-.5 cm) 
to very low angle cross-bedding, with lenses 20 cm
wide by 9 cm deep, oriented north-south............  2.0

Coarse siltstone and very fine grained sandstone, 
pale pink, unconsolidated, gypsum veinlets, about 
40% gypsum...........................................  2.5

Sandstone, gray-green, very fine grained, poorly
e x p o s e d ............................    1.0

Covered slope .......................................  1.0

Sandstone, moderate yellow, very fine to fine-grained, 
moderate sorting, subrounded, has irregular bleached
areas; extensively bioturbated beds 10-40 cm thick,
cross-strata visible only rarely; high-angle wedge
trough to festoon in irregular sets 15 m or more
wide; dips to the e a s t ............................... 4.5

Sandstone, as in Unit 2; discontinuous, irregular, 
horizontal laminations; carbonate concretions to .5 
cm d i a m e t e r ..................................... 1.0

Covered slope with rubble as in Unit 4 ..............  2.5

Sandstone, very pale yellow-orange, very fine grained 
sandstone, moderate sorting, subrounded; beds 5-30 cm 
thick, thicker at top; not visibly cross-stratified;
weathers to parallelepipeds ..................   2.25

Covered slope, debris like Unit 2 lithology, but
finer g r a i n e d ....................................... 4.5

Total thickness of red beds measured...................120.05

Base of section is in an arroyo separating a dip-slope of 
Pakoon Formation Sandstones from a hill of sandstone/silt- 
stone debris.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

sample size: 
N - 41

mean bearing: 
N 1 6 2 . 0 ° E

stand, d e v . : 
35.8*

m e a n  dip: 
24.6*

stand, d e v . : 
4.1*

CROSS-STRATA DIPS IN TWO-DEGREE INTERVALS

PERCENT 
OF TOTAL

20 .
sample size:
N - 41

20°

SET THICKNESSES IN GEOMETRIC INTERVALS
60

PERCENT 
OF TOTAL 40
s a m p l e  size:

O
1/# 1/4 1/2' 1 2 4 # 1 6
INTERVAL MIDPOINTS IN METERS

Figure B-l. Virgin River Gorge, Tabular Planar Facies, Cross-strata
Summary.



184

POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

sample size: 
N  - 12

m e a n  bearing: 
N 1 6 0 . 0 ° E

stand, d e v . : 
55.9°

m e a n  dip: 
21.7°

stand, d e v . : 
3.5°

CROSS-STRATA DIPS IN TWO-DEGREE INTERVALS
4 0  _

PERCENT 
OF TOTAL

sample size:

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT
OF TOTAL

sample size: 
N  - 12

Figure B-2. Virgin River Gorge, Tabular Planar Facies (Unit 7), Cross
strata Summary.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

sample size: 
N  - 40

m e a n  bearing: 
; U 6 5 . S ° E

stand, d e v . : 
33.1'

m e a n  dip: 
22.6'

stand, d e v . : 
5.o°

CROSS-STRATA DIPS IN TWO-DEGREE INTERVALS

PERCENT 
OF TOTAL

sanple size:

SET THICKNESSES IN GEOMETRIC INTERVALS
60 .

PERCENT
OF TOTAL 40 .

s ample size:
ll - 39 20 .

O 1/8 1/4 1/2 
INTERVAL

1 2 4 8 "16
MIDPOINTS IN METERS

Figure B-3. Lime Kiln Canyon, Tabular Planar Facies, Cross-strata
Summary. •
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

sample size: 
N  - 31

m e a n  bearing: 
N 1 8 7 . 9 eE

stand, d e v . : 
34.8*

m e a n  dip: 
24.0*

stand, d e v . : 
4.2*

CROSS-STRATA DIPS IN TWO-DEGREE INTERVALS
40 _

PERCENT 
OF TOTAL

sample size:

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT 
OF TOTAL
sample size: 
N  - 31

Figure B-4. Esplanade Cliff at Paw's Pocket, Wedge Planar Facies, 
Cross-strata Summary.



187

POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

m e a n  bearing, 
e x c lusive of sets 
w i t h  dips less 
than 10®:

N 1 6 0 . 4®E

stand, d e v . :
31.4®

m e a n  dip, e x c l u 
sive of values 
less than 10®:

22.2®
stand, d e v . : 
5.8®

CROSS-STRATA DIPS IN TWO-DEGREE INTERVALS

PERCENT 
OF TOTAL

sample size:

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT 
OF TOTAL 40

s ample size:

1/8 1/4 1/2' 1 ' 2 4 8 1 6
INTERVAL MIDPOINTS IN METERS

Figure B-5. Esplanade Slope at Paw's Pocket, Wedge Planar Facies, 
Cross-strata Summary.
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POLES TO CROSS-STRATA ON 41 SCHMIDT PROJECTION

s a mple size: 
N - 19

mean bearing: 
N 1 5 4 . 7 eE

stand, d e v . : 
4 9 .1 *

m e a n  dip: 
23.3"

stand, d e v . : 
2.9"

CROSS-STRATA DIPS IN TWO-DEOREE INTERVALS

PERCENT
OF TOTAL

sample size:
N - 19

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT
OF TOTAL
sample size: 
N  - 19

Figure B-6. Virgin River Gorge, Wedge Planar Facies, Cross-strata
Summary.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

sample size: 
N  - 18

m e a n  bearing, e x 
clusive of sets 
w i t h  dips less 
than 10*:

N 1 8 6 . 2 * E

stand, d e v . :
19.5*

m e a n  dip, exclusive 
of values less 
than 10*:

22.4*

stand, dev.:
5.4*

CROSS-STRATA DIPS IN TWO-DECREE INTERVALS

PERCENT
OF TOTAL

sample size:

PERCENT
OF TOTAL
sample size: 
N  - 18

SET THICKNESSES IN GEOMETRIC INTERVALS

1/# 1/4 1/2 1 2'4 # "16"
INTERVAL MIDPOINTS IN METERS

Figure B-7. Lime Kiln Canyon, Wedge Planar Facies, Cross-strata
Summary.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

m e a n  bearing, e x c l u 
sive of sets w i t h  
dips less than 10*:

K 2 0 2 . 6 * E

stand, d e v . :
41.6*

m e a n  dip, e xclusive 
of values less than 
10*:
20.7*

stand, d e v . :
8.2°

CROSS-STRATA DIPS IN TWO-DEOREE INTERVALS
40 _

PERCENT
OF TOTAL

sample size:
N - 59

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT
OF TOTAL
s a mple size: 
N  - 55

Figure B-8. Frenchman Mountain Wedge Planar Facies, Cross-strata
Summary.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

CROSS-STRATA DIPS IN TWO-DEGREE INTERVALS

PERCENT 
OF TOTAL

sample size:
N  « 19

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT 
OF TOTAL
sample size: 
N « 15

INTERVAL MIDPOINTS IN METERS

Figure B—9. Lime Kiln Canyon, Flat—bedded Facies, Cross—strata Summary.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

sample size: 
N  - 27

mean bearing, e x c l u 
sive of sets w i t h  
dips less than 10*:

N 1 6 0 . 4 * E

stand, d e v . :
34.2*

mea n  dip, exclusive 
of values less than 
10*:

16.8*

stand, d e v . :
5.9*

CROSS-STRATA DIPS IN TWO-DECREE INTERVALS

PERCENT
OF TOTAL

sample size: 
N  - 27

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT 
OF TOTAL
s a mple size: 
N  - 23

1/8 1/4 1/2* 1 2 ' 4 ' 8  ' 16 ' 
INTERVAL MIDPOINTS IN METERS

Figure B-10. Frenchman Mountain, Flat-bedded Facies, Cross-strata 
Summary.
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POLES TO CROSS-STRATA ON A SCHMIDT PROJECTION

m e a n  bearing: 
N 1 7 4 . 7 ° E

stand, d e v . : 
40.2*

xaean dip: 
24.4*

stand, d e v . : 
2.8*

CROSS-STRATA DIPS IN TWO-DEOREE INTERVALS
4 0  _

PERCENT 
OF TOTAL

20 .
sample size:
N - 15

SET THICKNESSES IN GEOMETRIC INTERVALS

PERCENT

s ample size: 
N  - 15

INTERVAL MIDPOINTS IN METERS

Figure B-ll. Virgin River Gorge, Flat-bedded Facies, Cross-strata 
Summary.
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I SCALE | LITHOLOGY |UNIT NO. | g .S .TR EN d |SEDIMENTARY STRUCT. |cUBR6Wl| FACIES |LITHOSTR*T.|

' n r '
SCALE GRAIN SIZE TREND 

fining upward

\ / coarsening upward

LITHOLOGY
Lithology and major sedimentary structures

mi
m
1 3
1351
E S
E & l

sandstone, structureless 

sandstone, festoon cross-beds 

sandstone, wedge planar cross-beds

CURRENT

Principal paleocur
rent directions. 
North is toward top.

LITHOSTRATIGRAPHIC UNITS 
Rd Sit Kk ■ red siltstone marker

FACIES
wed plan -wedge planar facies 
tab plan -tabular planar facies 
flat bd -flat-bedded facies 
congl -conglomeratic facies of 

Esplanade slope unit
distr chan-distributory channel facies (?) 
fluv(?) -fluvial units (?)

SEDIMENTARY STRUCTURES

EZl
E H

E 3

□

sandstone, tabular planar cross-beds - % - * flaser bdg. t V clay clasts
sandstone, bimodal

contorted bdg. w tracks
sandstone, conglomeratic w

sandstone with clay clasts ■ ...* regular, hori <s caliche
zontal bedding

siltstone
claystone or shale

irregular, hori
zontal bedding
interbedded sand

alg^C?)

stone and siltstone • • • pellets
limestone

dolestone
lenticular sandstone 
beds In siltstone 9 9 molluscs

evaporitic ripple laminations ripples

siliceous wedge trough 
cross-beds □ structureless

calcareous
I f f bioturbation scours

clayey

sandy
- w dessication cracks breccia

cherry
hummocky cross- 
strata vm interstitial

gypsum

poorly exposed foam
impressionsC?) i f gypsum veins

unexposed
0

plant
impressions

Figure C-l. Key to Graphic Columns.
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SCALE | LITHOLOGY |u N IT  NO. | g .S.TREND|SEDIMENTARY STRUCT. CURRENT FACIES LITHOSTRAT.
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Figure 02. Interpretation of Upper Part of Paw’s Pocket Section.
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Figure C-3. Interpretation of Lower Part of Paw's Pocket Section
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SCALE | LITHOLOGY |UNIT NO. FACIES LITHOSTRAT.

flat hi

flat td

m

rd sit vile

Figure C-4. Interpretation of Frenchman ^fountain Section.
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SCALE LITHOLOGY |U N IT NO. G .S . TREND SEDIMENTARY STRUCT. CURRENT FACIES LITHOSTRAT.

I

I

I

s

n

I E

a

m

1S 7

6

w f .
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/

tab pkn

// L u * d  p J d r

t a b  plan

Figure C-5. Interpretation of Upper Part of Upper Lime Kiln Canyon 
Section.
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LITHOLOGY [UNIT NO~ CURRENT

nJ sit mh

<b

Figure C-6. Interpretation of Lower Part of Lime Kiln Canyon Section
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SCALE LITHOLOGY |UNIT NO.

I
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I
I
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G .S . TREND SEDIMENTARY STRUCT. CURRENT FACIES
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Figure C-7. Interpretation of Upper Part of Virgin River Gorge Section.
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SCALE | LITHOLOGY |UNIT NO. |g. S. TREND I SEDIMENTARY STRUCT. CURRENT FACIES lUTHOSTRAT.
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Figure C-8. Interpretation of Lower Part of Virgin River Gorge Section.
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SCALE 1 LITHOLOGY |UNIT NO. g . s .t r e n d Ised im e h t a b y  s t r u c t . |cubrew t | f a c i e s  Il ith o stb a t . |
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Figure C-9. Interpretation of North Bird Springs Range Section
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