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The Tintic Quartzite in Rock Canyon, Utah County, Utah:
A Model for Shallow-Shelf Sedimentation*

Craic D. Har
Gulf Research and Development Company
P.0. Box 36506
Houston, Texas 77036

ABSTRACT.—The vertical sequence of rock types and primary sedimentary struc-
tures in the Tintic Quartzite of Rock Canyon, Utah, forms the basis for a2 model
of shallow-shelf sedimentation. The lower 10 m of the formation is a quartz-
gravel conglomerate set in 2 medium to coarse quartz sand matnix. The remain-
Set of the unit is a well-sorred, fine-grained quartzite. Vertical successions of
primary sedimentary strucrures include horizontal bedding, planar and trough

cross-bedding, and ripple-bedding. The Tintic Quarrzite is predominantly 2 hor- .

izonally bedded quarmzire with occasional cross-bedded units that are more
common near the base. These units commonly show a well-preserved sequence
of trough cross-bedding and ripple-bedding overlain by horizonrtal bedding. The
horizontal bedding is interpreted to be a product of the lower flow regime be-
cause of the conformable contact commonly found berween it and underlying
ripple-bedding.

The Tintc Quartzite in Rock Canyon was deposited in a nearshore marine
environment, worked initially by longshore cusrents. In later stages, sediment
transport was offshore into deeper water, where flucruations in current velocity
were less frequent.

By a compason of the Tintic Quarzite with the Flathead Sandstone of
western Wyoming, an idealized vertical sequence of rock types and sedimentary
structures is constructed. The basal portion of the sequence will rypically be a
conglomerate with grain sizes ranging from medium-grained sand to small
boulders. Overlying the conglomerate will be an upward fining sequence of me-
dium- to fine-grained quartz sand. Sedimentary strucrures show an upward trend
of decreasing flow velocity and more consistent current directions.

INTRODUCTION

The Tintic Quartzite of central Utah is an excellent ex-
ample of a basal clastic unit in a marine transgressive sequence.
It is well exposed throughout the Wasatch Mountains and is
easily accessible. It is important because it records the first of
several Paleozoic transgressions that moved across the conti-
nent. There appear to be no major unconformities in the for-
mation, and it is thus a more or less complete sequence in
which to study the results of sedimentary processes that took
place in 2 shallow marine setting.

This study documents the vertical succession of sedimen-
tary structures and rock types in the Tintic Quartzite in Rock
Canyon, Utah County, Utah. The vertical succession provides
the basis for deriving 2 model for shallow marine sedimentation
that will be restricted to shallow marine basal transgressive de-
posits of mature quartzose sandstone and is not meant to ex-
plain or predict sequences in carbonate- or mud-dominated
shelf deposits. The model is intended to provide a clearer un-
derstanding of the processes operating on the shelf during the
deposition of these rocks from interpretation of the bedforms
that generated the vertical succession of sedimentary structures.

Location of Study Area
Three sections of the Tintic Quartzite in the Wasatch
Mountains that were originally along depositional strike (Loch-
man-Balk 1971) were selected for this study. The Rock Canyon
section is located at the mouth of Rock Canyon, 2 km north-
east of Provo, Utah. Here the Tintic is exposed in an asymmet-
rical anticlinal fold with the axial plane dipping to the west.

The section is 2 composite from exposures on both the north
and south walls of the canyon.

Supplementary sections are located on the south wall of
American Fork Canyon in the Timpanogos Cave National
Monument 20 km northwest of Rock Canyon, and on Y
Mountzin 1.5 km south of Rock Canyon. Both sections are
well exposed but are faulted, and portions of each are obscured

(fig. 1).

Methods of Study
The Rock Canyon section was photographed in approx-
imately 30-m intervals from the far side of the canyon from
each interval. These photos were used as base maps on which
were recorded the vertical succession of sedimentary structures.

TIMPANOGOS CAVE
NATIONAL MONUMENT

ROCK
CANYON

oy

MOUNTAIN

kilometers

|

FIGURE 1.—Index map. Circles show locations of sections of the Tintic Quartz-
ite discussed in this report.

* A thesis presented to the Department of Geology, Brigham Y oung University, in partial fulfillment of the requirements for the degree Master of Science, August 1980. Thesis chairman: W. K. Hamblin.
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The section was also measured to determine the overall forma-
tional and bedding dimensions. The objective was to study in
detail the lithologies and vertical successions of the sedimentary
structures.

The supplementary sections were photogriphéd or mea-
sured. The American Fork section was not photogriphed be-
cause it was impossible to stand back from the canyon wall,
but it was measured in detail. Data were collected on lithology,
and type and size of sedimentary structures. The Y Mountain
section was not measured because the formation formed haz-
ardous cliffs, but was photographed from points along strike of
the bedding.

The data on the three sections were then compiled into
columnar sections to study the vertical succession of sedimen-
tary structures. These structures were used to interpret their
generating bedforms, and the model proposed here was devel-
oped to explain their vertical occurrences.

Previous Work
Since the term Tintic Quartzite was first applied by Smith

(1900) to basal Paleozoic clastics in the Tintic district, numer- .

ous workers have labored to define the formation in terms of
areal extent, general characteristics, and stratigraphic relation-
ships. Eardley and Hatch (1940) defined its northward extent
and reported general rock types within the formation. Eardley
(1944) measured a section of the Tintic, along with other Cams-
brian rocks, in Ogden Canyon. He gave a rough outline of the
unit in terms of rock types but did not mention any sedimen-
tary structures. A more detailed description was given for the
Tintic of Slate Canyon by Gwynn (1948). He reported an ap-
parent lava flow in the Tintic about 55 m above the base and
mentioned differences in the unit above and below the flow.
He made mention of the rock below the flow having a “lensy”
character to it and being rather poorly sorted. Above the flow,
Gwynn reported that the formation was better sorted and thin-
ly bedded. - - : :
" The overall stratigraphic relationships of the Tintic Quartz-
ite have been studied by Maxey (1958). He postulated a source
area to the northwest for the late Early Cambrian rocks and
outlined the geometry of the formation over much of western
Utah. Lochman-Balk (1959, 1971, 1976) correlated the Cam-
* brian rocks of the Tintic mining district to the lowest Paleo-
zoic rocks in the western Uinta Mountain area and presented
panel diagrams (1959) showing the relationships. Morris and
Lovering (1961) redefined the Tintic type section in the Tintic
District and presented a rough outline of vertical lithologic var-
iation throughout the formation. :

To date the Tintic Quartzite has not been examined on 2
detailed basis to determine its actual step-by-step deposition.
This prior work has been critical in establishing a good region-
al framework for this study. ‘

Detailed facies analysis of stratigraphic equivalents of the
Tintic Quartzite include work done by Oriel and Armstrong
(1971) on the Brigham Quartzite and by Hereford (1977) in
the Tapeats Sandstone. Using detailed biostratigraphy and cross
sections Oricl and Armstrong constructed lithofacics maps for
northern Utah for each Lower and Middle Cambrian trilobite
zone. Hereford (1977) separated the Tapeats Sandstone of cen-
tral Arizona into six facies. This separation was based on grain-
size trends, trace-fossil assemblages, sedimentary structures, and
dispersion of cross-bed azimuths.
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LITHOLOGY

In Rock Canyon the Tintic Quartzite is a moderately well
sorted quartzite. Grain sizes range from 0.7- or 0.8-mm sand
grains to 4-cm cobbles of quartz. Only trace amounts of feld-
spar and lithic fragments were found. The cobbles are found
near the base of the section below the 30-m level, and above
that the largest grains are 1.0 mm in diameter. The sand grains
are well cemented with silica, and it has been reported that
some well-rounded quattz grains have quartz overgrowths in
optical continuity with them (Eardley 1944). For the most part
the-cement is clear, giving the rock a light tan color, but occa-
sionally iron is present either in reduced or oxidized states, giv-
ing a green or red tint, respectively, to the rock. Other than
quartz, euhedral hematite crystals are the only mineral found,
and they occur in a green colored quartzite at the 26-m level.

In the American Fork section the formation is composed of
moderately to poorly sorted quartz pebbles and sand. The base
is inaccessible, but in the lower 4 m that were meéasured the
rock is a quartz gravel conglomerate with a quartz sand matrix.,
The gravels are segregated into the laminations of the primary
sedimentary structures. The remainder of the formation here is
made of moderately well sorted quartz sand except for an intes-
val between 101 and 112 m above the exposed base that has
poorly sorted quartz gravels and quartz sands. Through this in-
terval the mean grain size decreases upward to medium sand
and remains constant from 112 m to the top, of the formation
at 126 m. Clear silica is the cement, and only occasionally is it
colored or tinted by iron. Again, quartz is the main con-
stituent, with any other minerals making up only trace
amounts. h .

The Y Mountain section is similar to the Rock Canyon
section in its grain-size range except in the 9- to 14-m interval.
Here quartz cobbles are common in a green quartzite matrix.
They show some segregation into large primary sedimentary.
structure laminations. The interval from 14 to 299 m is moder-
ately sorted quartz sand, with grain sizes from 0.8 to 2.0 mm.
A fining upward sequence of quartz gravel and quartz sand ex-
tends for 3 m upward from 299 m. From thére to the top of
the section at 334 m the formation is well-sorted,” medium-
grained quartz sand. Clear silica and silica stained -with varying
concentrations of reduced and oxidized iron cements the entire
sequence.

In central Utah the Tintic Quartzite forms an eastward-
thinning wedge between any two given time-horizons. The iso-
pachs in figure 7 show thicknesses of the formation for the
Lower Cambrian. The Rock Canyon section is shown on the
164-m (500-ft) line although in fact it is more than 370 m
thick. With continued sedimentation into Middle Cambrian
time, additional sediment was deposited which increaséd the
thickness of the section. All three sections show evidence of
minor faulting. Deletion of section along these faults together
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with possible relief on the early Cambrian topography could ex-
plain the discrepancies in thickness among the three sections.

SEDIMENTARY STRUCTURES

Three types of primary sedimentary structures predominate
in the Tintic Quartzite. Horizontal bedding is the most com-
mon type in the Rock Canyon and Y Mountain sections, but
two styles of cross-stratification make up a large portion of the
American Fork section and a part of the Rock Canyon section.

Horizontal laminations occur in beds from 1.0 to 90 cm
thick that pinch out laterally in 10 to 20 m. The laminations
are expressed by alternations of iron-stained silica with clear sil-

-ica. They are well sorted, and the typical grain size is 1.0 mm.
Trough and planar cross-bedding constitute the next most
abundant structures. Planar cross-beds show both rangential
and angular foreset bases, and in one case, tangential foreset
tops and bases. The third type of structure found are chan-
nellike features that show asymmetrical internal bedding and
are discordant to the bedding around them.

All of these structures range over a broad spectrum of sizes
and for purposes of description are divided into three classes:
small scale, medium scale, and large scale.

Dimensions of the small-scale sedimentary structures are
defined at less than 10 cm vertically and less than 50 c¢m hori-
zontally. This size range includes small ripple bedding, trough-
type cross-bedding, and some planar-type cross-bedding with
tangential foreset bases. The ripple-bedding is restricted to
heights less than 5 cm and, in some instances, could have been
confused with small trough-type owing to poor expression of
laminae.

The medium-scale sedimentary structures are from 10 to 50
cm in vertical dimension and from 0.5 to 2 m in horizontal di-
mension. The dominant structure is planar cross-bedding with

- both angular and tangential foreset bases. Channel features fit
in this size range, as do some larger trough cross-beds that may
be near the original size of those trough-shaped structures de-
scribed above. Trough cross-bedding which is approximately 10
cm high and 4 cm wide may be erosional remnants of these
larger structures.

Sedimentary structures from 0.5 to 2 m high and 2 to 20 m
wide are here considered to be large scale. They are almost
wholly planar-type cross-bedding with tangential foreset bases.
In the American Fork section there is large-scale cross-bedding
with tangential foreset tops as well as bases. The sets are up to
15 m long and are slightly wedge shaped with undulatory up-
per and lower contacts. The small- and medium-scale planar
cross-bedding discussed above could be erosional remnants of
these larger structures.

Biogenic Sedimentary Structures

At the contact between the Tintic Quartzite and Ophir
Shale in Rock Canyon are some burrowlike features, similar to
Skolithos burrows, filled in by red and maroon hematite. The
sand around the burrows shows no bedding traces and seems to
have been disturbed possibly during activity of the organisms
responsible for the burrows.

No other fossils were found in any of the three sections
studied for this report. Lochman-Balk (1976) reports that “no
fossils have been reported from the Tintic Quartzite in the cen-
tral Wasatch exposures, (but) cephala and other fragments
identifiable as Olenellus sp. have been found in upper beds . . . in
the Mt. Nebo area.” She also states that Olenel/us sp. has been
found in upper beds of the Brigham Quartzite in the northemn
Wasatch Range.

Interpretation

Vertical successions of distinctive types of sedimentary
structures and associated rock types yield the most important
information regarding the genesis of the Tintic Quartzite.
These structures reflect the bedforms that created them, which,
in turn, reflect the dynamics of the transporting system in op-
eration during the time of deposition. According to Walther’s
Law, vertical variations in these structures reflect horizontal
variations in bedforms in the depositional environment (Wal-
ther 1894).

The various primary sedimentary structures found in the
Tintic Quartzite were generated by migrating bedforms with
specific shapes and dimensions. Planar cross-bedding is attri-
buted to the downcurrent migration of relatively straight-
crested sandwaves (Reineck and Singh 1975) (fig. 2). The sand-
waves can vary in height from 0.5 ¢m to 15 m and in length
from 0.6 to 1000 m.

Figure 2 is an idealized diagram showing the type of sand-
wave responsible for the production of planar cross-bedding.
These so-called straight-crested ripples will have some sinuosity
to them at some point along their length, but for the most
part they are linear features. The side panels are based on ob-
served types of cross-bedding in the Tintic and show a typical
vertical sequence in outcrop. This type of cross-bedding com-
monly overlies horizontally bedded quartzite and underlies
trough cross-bedding and ripple-bedding.

Trough and festoon cross-bedding is produced during the
downcurrent migration of very sinuous, or lunate, sandwaves
(Reineck and Singh 1975) (fig. 3). These ripples can vary in
size as much as the straight-crested ripples, and the shape of the
cross-bed sets can be extremely variable when observed from
various angles in cross section. Figure 3 shows a type of sand-
wave that produced the trough cross-bedding, and at a smaller
scale, the ripple-bedding. The transverse cross section shows the
shape of the trough cross-bedding found in the Tintic Quartz-
ite. The longitudinal section shows the “planar” cross-bedding
with rangential foreset bases generated by these lunate sand-
waves. It is possible to find tangential foreset basal contacts in
straight-crested sandwaves, but they are largely due to a fine-
grained fraction of the sediment being carried over the crest of
the ripple and settling through the current shadow to the base.
Because of the well-sorted nature of the Tintic, the tangential
based foresets are here interpreted as being the product of these

The channellike features discussed under Sedimentary
Structures are similar to those mentioned by Reineck and

FIGURE 2.—Block diagram illustrating the developn:eﬁt of the planar cross-bed-
ding found in the Tintic Quarczite. Side panels are idealized from vertical
sequences observed in the Rock Canyon section.
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Singh (1975, p. 63) as being the product of subaqueous chan-
nel erosion and deposition. In a ¢ross section normal to current
flow. the channel would show symmetrical bedding, concave
upward. Four of these channels were observed, and in three the
bedding shows varying degrees of asymmetry, and one is neatly
symmetrical. If a channel with symmetrical bedding is cut at
various angles oblique to the current ditection it will show
varying degrees of asymmetry (fig. 4).

Key factors in determining bedform development are veloc-
ity and depth of the transporting medium and grain size of the
sediment. The Froude number is 4 useful quantity to aid in vi-
sualizing the dynamics of a flowing medium. It provides limits
to interpreting sediment transport mechanics that might other-
wise get out of hand, The Froude number (F) is related to ve-
locity, gravity, and depth as shown in the equation

v
Vgh
where V is flow velocity, g is the acceleration due to gravity,
and h is the depth of the flow. Values of F less than 1 charac-
terize a' tranquil-flow regime for the respective fluid velocity
and depth. Values greater than 1 delimit a high-flow regime
with distinctive bedforms. A predictable ‘evolution of bedforms
results as F increases in value from 0 to 1, and from 1 to some
upper limit determined by sedimént density, beyond which the
sediment i$ held in suspension. '

Figure 5 illustrates the various bedforms produced as 2
function of grain size and streampower (Vt,). Streampower is a
quantity to describe the transporting ability of 2 moving fluid,
where V is the currént velocity, and ¢, is 2 composite quantity
of specific weight of the fliid and sediment multiplied by fluid

" depth and the slope of the energy gradient.

The transition zone shown is where the Froude number is
approximately 1 and the lower and uppér flow regime is de-
fined at values for F less than 1 and greater than 1, respectively.

F =

As the Frotude niiiiber increases, the bedforris evolve from
small:scale ripples, 0.04 to 0.06 'm long and up to 0.06 m' high,
and planar beds (with increasing grain size), to straight and
sinuous large-scale sandwaves from 0.6 to 30 m long, and 0.06
to 1.5 m high. At a point where the Froude number approx-
imately equals 1, the lower-flow regime bedforms aré erased,
and bedforms of the upper-flow regime develop.

In this.study, the upper-flow regime will not be discussed
in detail. The reason for this is shown in table’ 1. For wateér
depths in the shallow marine environment (5 to 100 m), cur-
rent velocities must be approximately 7 to 30 m per second to
yield a Froude number equal to 1. Current velocities even 3 m
per second are extremely rare and generated for short periods of
time during storms or in narrow tidal bores: Generally veloci-
ties are less than 2 m per second and consequently produce
Froude numbers from 0.3 to 0.06. o

Using figure 5 and plotting the average grain.size in the
Tintic Quartzite (0.8 to 1.0 mm) with the various bedforms
represented by the observed sedimentary structures; 2 more or
less smooth trend is seen from planar bedding to large-scale
sandwaves of varying degrees of sinuosity. This ttend may re-
flect either increasing current velocity or. increasing water

depth. :

Table 1

Water depth(m) Current velocity (m/sec) Froude number

0.01 0.31 1
01 ‘ 0,99 1
1.0 312 ]
10 9.9 [
100 31.32 1

TABLE 1.—Summary of current velocities required . to genérate Froude numbers
equal to 1 for varying flow depths. :

FIGURE 3.-Block diagram illustrating the dévelopment of the trough ctoss-bedding found in the Tintic Quartzite. Side panels are idealized from vertical sequiénces

observed in the Rock Canyon section.
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F1GURE 4.-Block diagram illustrating the intespretation of the channel-features found in the basal Tindic. The side panels show the observed structures from the

Tintic, and the upper face shows the interpreted fearure.

Figure 6 shows the relationship between grain size and cur-
rent velocity and various bedforms in an attempr to illustrate
what velocities might be represented by the various bedforms.
The data for this came from experiments involving a water
depth of 0.2 m (Southard 1971). For greater water depths the
. velocities would need to be slightly greater. In order to main-
tain the same Froude number at 2.0 m of water depth, the ve-
locity must be increased by a factor of 3. At 2.0 m of water
depth, the planar beds shown at 0.5 m per second would be
generated at 1.5 m per second. Southard (1971) said that “since
lower (planar) bed states are associated with low sediment
transport rates, parallel lamination in coarse sands is probably

much more commonly the record of upper (planar)-bed states.” -

But Guy and others (1966) and Liu (1957) reported plane beds
with significant sediment movement at low flow velocities.
With such a large vertical sequence of planar beds in the Tintic
Quartzite representing long periods of consistent deposition
and the limits of the Froude number discussed above, the plan-
ar beds of the Tintic Quartzite are interpreted to be a product
of the lower-flow regime.

With increasing current velocity, the planar beds evolve
through straight-crested ripples showing angular foreset bases,
to more and more sinuous ripples. This transition is docu-
mented in the Tintic Quartzite by the vertical sequences of
planar bedding, small-scale ripple-bedding, festoon and tabular
cross-bedding, and medium- and large-scale festoon and tabular
cross-bedding.

CROSS-BEDDING ANALYSIS

Cross-bed dip directions were measured and compiled as
part of this study to determine paleocurrent directions in the
Tintic Quartzite and the variability of those directions through
time. These quantities can be determined statistically, and the
grouping of measurements vertically provides a look at changes
in the direction of sediment transport through time. The value
of such studies is twofold. First, ancient patterns of sediment
movement can be compared to patterns in various modern dep-

ositional environments and a closer and clearer comparison
made. Second, paleographic changes, such as transgressing or
regressing coastline or the development of irregularities along
the coastline, may be reflected in a change in current patterns.
A total of 78 cross-bed dip direction measurements were
taken in the Rock Canyon section. These were packaged into
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three groups. The lowest group was from 0 to 60 m in the sec-
tion, the middle group from 60 to 300 m, and the upper from
300 to 377 m. They were taken, for the most part, on lin-
eations of stained cement or alternations of varying grain sizes.
These are the most common expressions of cross-bedding
rather than exposed foreset faces because the formation is too
firmly cemented to allow much etching or separation along la-
minae. These measurements were trend and plunge attitudes
that had to be converted on an equal area net to true dip, and
then the true dip measurements from the field were added to
them. The nearly vertical tilt of the enclosing beds was re-
moved, and dip directions were then transferred to circular
histograms.

The most useful evaluation to define average direction of
sediment dispersal is that of mean cross-bed dip direction. This
is best done using methods outlined by Pincus (1956) and Cur-
ray (1956). The compass direction of mean cross-bed dip direc-
tion or average current direction, is given by

2 nsin ¢
2 ncos ¢

tan O =

where O is the vector resultant bearing, @ the midpoint of each
10-degree azimuth cell on the histogram, and n is the total
number of readings in each cell.

Another useful quantity in analyzing directional data is
standard deviation
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FIGURE 6.-Size-velocity diagram for 0.2-m flow depth showing bedforms
produced.

3 (O-dy
(2n)-1

SO =

where SO is the standard deviation in degrees, (0-0) is the dif-
ference between each cell midpoint in degrees and the bearing
of the vector resultant in degrees, and Zn is the total number
of measurements. This quantity is important in better under-
standing the variability of current direction.

The results of these calculations are shown in figure 7. Fig-
ure 72 shows the average current direction by the arrow and
standard deviation by the fan for the lower Tintic Quartzite.

~ The compass direction of the arrow is calculated at 124°, or to

the southeast with a standard deviation of 37°. The broad stan-
dard deviation is a result of a strong southerly component on
the histogram that is overwhelmed on the average current di-
rection. When these data are overlain on the isopachs of the
Tintic as shown in figure 7a, the average current direction is
approximately 45° from the trend of the isopachs in an on-
shore direction. Figure 7b shows the average current direction
for the middle portion of the formation along with its 24°
standard deviation. The mean direction is 204° to the south-
west, but the strongest component on the histogram is at
about 245°, or more westerly. There are a few measurements to
the southeast that bring the average more easterly, but the nar-
rower standard deviation shows the more dominant south-
westerly direction. Figure 7c shows a2 mean current direction of
255° for the upper portion of the Tintic. This came from a
polymodal histogram with the two strongest components
roughly parallel to the sides of the standard deviation fan.
These two components probably represent measurements on at-
cuate sandwave slip faces. )

The distinct change in curtent directions between the base
and top of the formation from southeast to almost due west
shows the development of an offshore component of current
direction out from an originally longshore-onshcre direction.
The mechanism to induce the offshore curtents is not clear,
but the pattern is documented in the cross-bed dip directions
and orientation with regard to the shoreline as has been shown
in figure 7.

This offshore transport pattern has been noted in other
shallow-shelf' clastic sequences. Hamblin (1961) found ‘in the
Franconia Formation of the Lake Superior region paleocurrent
directions indicating sediment transport away from the zéro
isopach line into the thicker isopachs. Hall (1975) reported
paleocurrent directions of the Flathead Sandstone of the Teton
Mountains showing net sediment transport to the southwest
normal to the isopach lines for the formation. Seeland (1969)
gathered cross-bed dip directions from the basal Cambrian and
Ordovician clastic deposits of North America. When they are
correlated with general ‘Cambrian isopachs, the same offshore
trend exists.

VERTICAL SUCCESSIONS

Figure 8 illustrates the vertical successions of the sedimen-
tary structures and rock types in the Tintic Quartzite in Ameri-
can Fotk Canyon, in Rock Canyon, and on Y Mountain. These
patterns are the basis for interpretation of the deposition of the
formation. .

In the American Fork section the lowest 14 m are covered
and inaccessible. When the beds of this interval were obsérved
elsewhere, théy are similar to those found in the 14- to 18-m
interval. The rock is a well-indurated, quartz-gravel con-
glomerate set in a medium sand matrix. Primary sedimentary
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structures include medium-scaled trough cross-bedding and oc-
casional horizontal bedding. The structures are expressed by al-
ternations of gravel and sand-sized particles that have been seg-
regated into the layers.

From 18 to 102 m the rock is 2 medium-grained quartz
sand. There are no gravel-sized fragments, and the grains are
well indurated with clear silica. Where the sedimentary struc-
tures are observable, they are mostly medium-scale planar cross-
beds with occasional trough cross-bedding and horizontal bed-
ding. The upper half of this interval tends to have more hori-
zontal bedding than the lower half, though, with grain size re-
maining constant.

The interval from 102 to 112 m is quite similar to the
lower 14~ to 18-m interval. Quartz gravels appear at numerous
horizons, associated with scour features and medium-scale
trough cross-bedding. Included in the interval are 2 sets of
large planar cross-beds with tangential foreset tops and bases,
discussed under large-scale sedimentary structures. Between
these two sets is 2 0.3-m interval of coarse-grained gravels in
small-scale trough cross-bedding. In the upper 7 m of this in-
terval the grain sizes decrease upwards to 112 m, where the
rock is well sorted and is made up of 0.8 to 1.0-mm-sized
quartz grains. This sequence is dominated by medium-scale
planar cross-beds occasionally expressed by faint iron staining
along foreset laminations.

The remaining 14 m of section is a well-sorted quartzite
with occasional thin lenses of green shale similar to the over-
lying Ophir Shale. Planar cross-bedding predominates in this
interval. Horizontal bedding is rare and usually occurs in thin
wedges berween thick cosets of cross-bedded quartzite.
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The Rock Canyon section is a somewhat simpler section
and is divided into four intervals. The basal interval from 0 to
10 m is 2 quartz cobble and gravel conglomerate set in a matrix
of medium- to coarse-grained quartz sand, and the stratification
of the sedimentary structures is expressed by alternations of

these grains. No lithic fragments or feldspars were found in

" this basal unit. It is compositionally very mature in contrast to
other basal Cambrian rocks, such as the Deadwood Formation

“in the Black Hills area (Ladle 1972), the Flathead Sandstone of
Wyoming (Hall 1975), and the Brigham Quartzite of northern
Utah (Oriel and Armstrong 1971). In Rock Canyon the sedi-
mentary structures for this interval include medium-scale

. trough” and planar cross-bedding. The channel features dis-
cussed in Sedimentary Structures are present in this interval
and are unique to it. They are discordant and are separated,
both vertically and laterally, by horizontally bedded, and trough
and planar cross-bed sets. They are generally made of coarser-
grained material than the enclosing beds.

The interval from 10 to 373 m is 2 monotonous sequence
of horizontally bedded, medium-grained quartzite, with only
occasional cross-bedded or ripple-bedded strata. Except for a
covered interval from 270 to 340 m the rocks are well exposed
on the south side of Rock Canyon. Grain size does not vary
throughout the interval and remains at 0.6 to 1.0 mm. The de-
gree of cementation does not vary, and the few cross-bedded in-
tervals are similar in appearance. They are characterized by me-
dium-scaled trough and planar cross-bedding overlain by ripple-
bedded quartzite. There is no sharp, straight contact between
the ripple-bedded intervals and the overlying horizontal beds.
Were this horizontally layered quartzite a product of the upper
flow regime, one would expect to find a sharp, eroded contact
showing truncation of the upper segments of any cross-bed-
ding. Instead there is a gradual change in structures, more or
less well preserved, from medium-scale trough to small-scale
planar cross-bedding to ripple-bedding to horizontal bedding
with no change in grain size.’

The interval from 373 to 377 m shows large-scale planar
cross-bedded quartzite with tangential bases and thin lenses of
horizontally bedded quartzite. Grain size is in the 0.6- to 0.7-
mm range. Lenses of green shale similar to the overlying Ophir
Shale are irregularly interbedded with the quartzite. The up-
permost set of planar cross-bedding is also at the upper contact
and shows bioturbation. The cross-bed laminations are ex-
pressed by alternations of purple iron-stained silica with clear
silica.

On Y Mountain 2 slightly different section is seen. From 0
to 9 m the formation is a white, well-sorted, medium-grained
quartzite. It shows medium-scale trough cross-bedding. Above
this, from 9 to 14 m, is 2 conglomeratic unit made of quartz
cobbles and quartz pebbles set in a dark green quartz sand ma-

trix. The cobbles and pebbles are segregated into the lamina--

tions of large-scale trough cross-bedding. The contact with the
lower unit is abrupt and undulatory, and within the con-
glomerate are several undulatory horizons that truncate the up-
per segments of the cross-bed laminations below them.

Another change in lithology and structure is seen at the
14-m level. From 14 m to the top of the section 2t 334 m the
rock is quite similar to that in Rock Canyon. It is well-sorted
with continuous grain size, cemented by clear silica and is pre-
dominantly horizontally bedded. As in Rock Canyon there are
occasional cross-bedded sets through this interval. They are
similarly associated with ripple-bedding and overlain by hori-
zontal bedding.

At 289 m a 1.5- to 2.0-m interval of quartz-pebble con-

glomerate occurs. Sedimentary structures in it are not well de-
fined, either by segregation of grain size or by colored cement,
and may be lacking altogether.

DEPOSITION OF THE TINTIC QUARTZITE

Stage I: During the initial deposition of the Tintic Quartz-
ite, the sediments were transported by currents paralleling the

- shoreline. Alternations of cross-bedded and horizontally bedded

quartzite, along with the conglomeratic material at the base, in-
dicate that currents were variable and strong but not strong
enough to completely rework the conglomeratic beach depos-
its. These rocks probably represent very shallow water deposi-
tion where the sediment was subject to storm-induced current
surges. '

Stage II: The bulk of the formation was deposited in a low-
energy environment not as susceptible to the frequent surges in
current velocity as was the lower basal unir in stage I. Water
depth increased steadily, as reflected in the less frequent occur-
rence of higher-velocity sedimentary structures toward the top
of the unit. The constant grain size vertically through the unit
probably reflects a texturally mature source sediment. In other
basal clastic sequences a steady decrease in grain size from bot-
tom to top has been noticed (Hall 1975).

In the Rock Canyon area the Tintic Quartzite is composi-
tionally, as well as texturally, mature. This maturity, along
with the white quartzite at the base of the Y Mountain sec-
tion, may indicate a previously existing quartzose sandstone
unit that provided the sediment for the Tintic. Underlying the
American Fork section is the Precambrian Murtual Formation
which is a red to maroon quartzite. However, the Mutual is
overlain by the Mineral Fork Tillite in Rock Canyon, but it
may be an example of such a rock unit that could have been
exposed elsewhere prior to the deposition of the Tintic.

Though near the end of deposition the sediment was pro-
tected from frequent current surges by deeper water, there were
occasions when high-velocity conditions did prevail, possibly
during minor regressions or during intense storms. Gravels
near the top of the unit and large-scale cross-bedding indicate
that conditions were still such as to allow exceptional high-
velocity currents to work the sediments into large ripples for
brief periods of time and to transport gravel-sized material.

The lack of fossils in the Tintic may be due to unfavorable
conditions for preservation in the turbulent water. The frag-
mentary nature of the fossils that are found attests to high-
energy conditions over the substrate.

OTHER EXAMPLES OF CLASTIC SEDIMENTATION

The Tintic Quartzite is one example of clastic deposition in
a shallow marine shelf environment. In contrast to sequences
interpreted as tidal flat deposits with large quantities of shale
and silt (Banks 1973), the Tintic is made up almost wholly of
medium-grained sand with only minor amounts of shale.

The Flathead Sandstone of western Wyoming (Hall 1975)
is another basal clastic unit almost devoid of shale or mud (fig.
9). It differs from the Tintic in its feldspar content, grain-size
trend, and types of sedimentary structures. At its base the Flat-
head is arkosic with almost 50% feldspar and 50% quartz, in 2
matrix of red ferruginous clay. The feldspar content decreases
vertically up through the unit to only trace amounts at the
top. At the top the rocks are well cemented by clear silica.
Grain size also decreases vertically through the Flathead, from
quartz-cobbles at the base to fine quartz sand at the top.

Medium-scale wedge-shaped, planar cross-stratification is
the dominant sedimentary structure in the Flathead. In con-
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FIGURE 9.-Vertical succession of sedimentary structures in ‘the Flathead Sand-
stone of western Wyorhing. Biogenic material at top includes burrows
and brachiopods. :

trast to the Tintic Quartzite of Rock Canyon!in :which ‘hori-
zontal bedding predominates, the Flathead shows only subordi-
nate sets ‘of horizontal bedding in the lower portion. These
beds are typically made of coarser-grained sediments and are:less
well sorted than the sand in the cross:bedded sets above and be-
low them. Upper segments of cross-bed: foresets appear to be
truncated and overlain by these horizontal beds. These horizon-
tal beds are interpreted to be the product of high-velocity; up-
per-flow regime conditions. Stich flow conditions indicate shal-
low water less than 1 m deep: In the upper portion: of the
section, horizontal bedding is absent and small-scale cross-strati-
fication is dominant. Increasing water depth produced .a de-
crease in energy, and well-differentiated sediments were. trans-
ported into deeper, quieter water: ‘ EUSIEIERE S
The Duolbasgaissa Formation of northern Norway (Banks
1973) is a basal Cambrian transgressive sequence that is some-
whar different from either the Tintic Quartzite or the Flathead
Sandstone (fig. 10). It is a vertical sequence of mudstone:and
siltstone showing very. small-scale cross-bedding .and ripple
‘marks overlain:by a mature quartzose sandstone with large-scale
cross-bedding. Paleocurrent ditections in' the sandstones:show
almost 2 universal bimodal tendency notmal to. the: paléoshore-
line. Banks interprets the unit as a tidal-flat environment. The
‘muds and-fine-grained sediments were deposited' on-néarshote
tidal flats that were' periodically subaerially exposed, and the
sandstones represerit offshore, tidalflat sand bar§ic. w0 v, .,
These three sections illustrate two different Water-depth
and current-energy realms on the shelf: low-energy shelves in
which currents are generated by tidal. action, and-high-energy
shelves where current energy is' generated by wave action.
These two concepts are hot new; but they are extremely impor-
tant considerations when attempting to intérpret. -vertical se-
quences of quartz sand deposits. Co :

SHALLOW-SHELF SEDIMENTATION '

The model proposed here for shallow-shelf sediméntation is
based on the Tintic Quartzite of Rock Canyon and supported
by information from sections of the Tintic near Rock Canyon,
and the Flathead Sandstone section of western Wyortin g. It is
restricted to sediments being deposited in ‘a sublittoral, high-
enérgy environment above effective wave base. This model as-
sumes a large influx of terrigenous sediments that. are trans-
ported and sorted on the shelf in increasing water depth. Beach’
deposits may 'develop but aré usually reworked by wave action
during transgression, T
~ A related model was proposed by Ifwin (1965) for “clear-
water sedimentation.” The*model assummes no influx of - térri-
genous clastics and proposes separate environments in an epiér-
ic sea. Each environmenit exists in a belt parallel to the shoré:
line and is separated by ‘the line formed by the intersection of
effective wave base and the seafloor. Below this liné' is the
quiet-water shale environment; above are carbonate sands; and
shoreward, or leeward, of this belt is a quiet-water zone of la-
goons, catbonates, and evaporites éxtending to the shoréline.
This model was developed for the Paleozoic carbonatés of the
Williston Basin. o ‘ L

The model presented in this paper proposes that during in-
itial stages of deposition the sediment being deliveted to the
shelf area is made up of quartz sand and cobbles (fig. 11). The
primary source of energy is most likely wave action generated
by onshore winds. Cobbles and other sediments' found ‘at ‘the
base of various formations attest to 2 high-energy regife dur-
ing this stage I period of deposition. Cobble-conglomerites
may be found in pods in topographic lows in the underlying
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rock as wave erosion would incompletely plane a rugged land- DUOLBASGAISSA
scape and rework the cobble-sized debris. Tidal currents during _ FORMATION

this shallow stage will produce bimodal cross-beds.

As the shoreline migrates inland, the water depth over a
given point will increase. Longshore currents generated by
waves approaching the shoreline obliquely will transport sedi-
ment parallel to the shore. This action will be documented by

" sedimentary structures becoming more typical of quieter water
and paleocurrent directions parallel to isopachs of the unit.

Grain size will decrease steadily from the high-energy basal
conglomerates to medium-grained sand with deepening water
provided that sediment with a broad size range is supplied. If
the sediment being delivered is a well-sorted, mature sand, the
resulting rock will be mature regardless of the time or distance
of transport.

Any fluctuation in current velocity will be documented in
the changes in the types of primary sedimentary structures.
Horizontal bedding can record either low- or high-velocity flow
regimes, and can be separated on the basis of its vertical rela-
tionships with underlying and overlying structures. Cross-bed-
ding will record a midrange of current velocity values. Planar
cross-bedding reflects migration of straight-crested sandwaves
and, with increasing velocity, the crest will become more and
more sinuous until trough-shaped cross-beds are produced just
before velocity exceeds a critical point, and the bedforms are
erased. Size of the primary sedimentary structures can be mis-
leading as subsequent partial erosion of the sandwave may re-
duce the total thickness to only a fraction of its original value.

SUMMARY

The Tintic Quartzite of Rock Canyon in central Utah is 2
very mature quartzite cemented wholly by silica. The entire sec-
tion shows variation only in vertical changes in sedimentary
structure types. An understanding of the conditions under
which the sediments were deposited can be gained from a hy-
drodynamic interpretation of the primary sedimentary struc-
tures and their vertical succession. '

The formation was initially deposited and worked by fluc-
tuating currents that moved the sediment onshore and long-
shore. Gravels at the base may represent storm deposits or rem-
nants of a beach that was transgressed and reworked. The bulk
of the unit was deposited under increasingly quieter conditions
with very steady, low-velocity currents that transported the
sand offshore.

According to other workers, the shoreline during the depo-
sition of the Tintic generally migrated eastward. If sediment
supply to the area was sufficient, water depth may not have in-
creased significantly so the improved sorting of the sediment
upsection and the record of steadier currents may reflect in-
creasing distance from the surf zone. Medium-scale cross-bed-
ding at the contact with the Ophir Shale indicates water depth.
shallow enough to allow wave base, possibly during major
storms, to reach bottom.

The Flathead Sandstone in westetn Wyoming is another
basal Paleozoic clastic unit that is somewhat similar to the

~ Tintic Quartzite in Rock Canyon. It is predominantly 2 quartz
sand deposit like the Tintic and is overlain by a shale unit. The
Flathead has a great variation in grain size from bottom to top
and has a different vertical succession of primary sedimentary
structures. Using the same criteria for the interpretation of

FIGURE 10.—Vertical succession of sedimentary structures in the Duolbasgaissa gl
Formation of Norway. Not shown are abundant trace fossils throughout
section. Tortal thickness, 550 m.
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these structures as for the Tintic, the Flathead records a steady
transition from high-energy sutf conditions that worked very
coarse conglomerates and sand in shallow water, to lower-veloc-
ity conditions in which fine-grained, well-differentiated sedi-
ment was transported by the migration of relatively straight-
crested sandwaves.

These two formations are in sharp contrast to other rock
units interpreted as tidal-flac deposits, such as the Duolbas-
gaissa Formation of northein Norway. This formation has
mudstones and siltstones in the lower half in contrast to the
conglomerates and coarse sands of the lower Tintic Quartzite
and the Flathead Sandstone. In the upper half are quartzose
sandstones with very large trough cross-bedding.

The model proposed here is an idealized vertical sequence
of primary sedimentary structures and rock types for a trans-
gressive, marine, clastic usit that is largely derived from studies
of the Tintic Quartzite in the Wasatch Mountains. It postu-
lates two main types of deposition. At the base is a con-
glomeratic unit, made up of immature sediments, that reflects
initial deposition during transgression in high-energy surf con-
ditions. Overlying this will be a body of sediment that will
show an upward decrease in grain size and increasing maturity
both compositionally and texturally, and the sedimentary struc-
tures will reflect decreasing current velocity and steadier cur-
rent directions.
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