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Depositional Environment of the Iron Springs Formation,
Gunlock, Utah*

BRAD T JOHNSON
Utah Department of Health, Salt Lake City, Utah 84103

Thesis chairman: JAMES L. BAER

ABSTRACT

The Cretaceous Iron Springs Formation near Gunlock is a sequence of clastic rocks, approximately 950 m
thick, exposed in extreme southwest Utah. These strata were deposited in the foreland basin of an arc-
trench system near the shore of an interior Cretaceous sea. Sediments of the Iron Springs were derived from
uplifted Paleozoic and Mesozoic rocks and consist of five facies which represent deposition in the various
subenvironments of a braided fluvial system. The identified facies include (1) conglomerate, deposited in
the bottom of stream channels; (2) sandstone, deposited in channel bars and as channel fill; (3) silty shale,
deposited near the margins of the stream channels; (4) shale, deposited in topographically low areas of the
floodplains; and (5) red siltstone, deposited in abandoned channels of the floodplains. The Dakota
conglomerate constitutes the basal unit of the Cretaceous strata near Gunlock and probably represents a
separate event in the history of Cretaceous sedimentation in the Gunlock area.

INTRODUCTION
GENERAL STATEMENT

The westernmost outcrops of Cretaceous strata in the
western interior of the United States occur in extreme

— southwest Utah and are the last exposures of Cretaceous

rocks before those in California, 600 km to the west.
These exposures are at the western margin of the transi-
tion zone between the High Plateaus and the Basin and
Range Provinces.

The section of strata in southwestern Utah is approx-
imately 1,100 m thick and consists of interbedded shale,
siltstone, sandstone, and conglomerate which dip approx-
imately 25° to the northwest. These strata were deposited
in the foreland basin of an arc-trench system near the
shoreline of a Cretaceous sea.

The majority of the beds are friable and weather to
form a series of low-lying hills, ledges, and gullies. Color
of the formation is quite variable, ranging from medium
gray to moderate reddish brown, but most beds are yel-
lowish brown. '

LOCATION

The area covered in this report is located in the ex-
treme southwest corner of Utah near the town of Gunlock
(fig- 1). The rock exposures cover an area of approx-
imately 55 km? and are bounded on the east by the Gun-

—lock fault and-on the west by-the Square Top Mountain-

thrust fault.

The area can be reached by going northwest from St.
George about 15 km on U.S. 91 to Santa Clara Valley. Ap-
proximately 3 km up the Santa Clara Valley the road
forks. The north fork follows the Santa Clara River to the
town of Gunlock, about 12 km away. From Gunlock all
access to the study area is by dirt road. The majority of the
roads are graded and easily passable, but some remote
areas can be reached only on foot or by four-wheel-drive
vehicle.

Figure 2 is a detailed map of the study area, showing
the locations of measured sections. These locations were
chosen on the basis of optimum outcrop as shown on aer-
ial photographs and the geologic maps prepared by
McCarthy (1959) and Wiley (1963). The studied section

°A thesis submitted to the faculty of the Department of Geology, Brigham Young University, in partial fulfillment of the re'quiremen‘ts for the

degree of Master of Science, March 1983.
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FIGURE 1.—Index map showing the location of the Gunlock
area.

includes all the strata from the Cretaceous-Jurassic ero-
sional contact to the base of the conglomeratic Claron
Formation (Grapevine Wash Formation of Wiley 1963).

Good outcrops occur in the eastern third of the area
whereas vegetation covers much of the rock in the west-
ern third. In the central third, complex geology, poor ex-
posures, and vegetation prevented accurate measure-
ment; therefore, this portion of the area was not measured
in detail. It was, however, examined to determine the
sedimentary features of the strata.

PREVIOUS WORK

Several publications cover the general stratigraphic
relationships of southwestern Utah. These include Bissell
(1952, 1954), Burger (1963), Cobban and Reeside (1952),
Van deGraff (1963), and Warner (1949). However, there
are no specific, detailed references to the Gunlock area.

In the Iron Springs mining district, approximately 45
km northeast of Gunlock, Leith and Harder (1908) identi-
fied the Cretaceous Pinto Sandstone as part of a study of
the iron ores in the region. Mackin (1947), in a structural
study of the same area, reevaluated and suggested changes
in the nomenclature of Leith and Harder. Mackin rede-
fined the Cretaceous-Jurassic boundary, and proposed the
name Iron Springs Formation for the Cretaceous strata.

Gregory (1931, 1949, 1950a, 1950b, 1951) published
many major papers on the geology of southwestern Utah.
Gregory has published studies of the Kaiparowits region
(1931), the Markagunt Plateau (1949), Zion Park region
(1950a), eastern Iron County (1950b), and the Paunsau-
gunt region (1951) and is responsible for proposing much
of the nomenclature of the Cretaceous strata in southern
Utah. Although Gregory’s work is invaluable in terms of

defining formations and correlation, it is well to the east
of the Gunlock area, and he makes only cursory reference
to Gunlock strata.

Cook (1957) did a study of the Pine Valley Mountains,
which lie approximately 10 km northeast of the town of
Gunlock. His research was primarily concerned with the
laccolith which makes up the Pine Valley Mountains, but
he also mapped the sedimentary rocks at the southern end
of the range. Although the Cretaceous outcrops between
the Pine Valley Mountains and the Gunlock area are par-
tially obscured by Tertiary volcanics, the exposures are
easily correlated.

Reeside and Bassler (1921), Cook (1957), McCarthy
(1959), Reber (1951), and Wiley (1963) published strati-
graphic sections and descriptions of the strata near Gun-
lock, but they do not include any detailed work con-
cerning the environment of deposition. Cook (1957,
1960), McCarthy (1959), and Wiley (1963) also published
geologic maps which cover the Gunlock area. ‘

A more comprehensive study of the Cretaceous rocks of
southwest Utah was conducted by Moir (1974). Moir’s
work was concentrated in the Cedar City area, where he
recognized fluvial, lagoonal-paludal, littoral, and offshore
marine deposits. He then correlated his data with the
strata to the east and west, constructing generalized cross
sections of the entire region, but again there is only cur-
sory mention of strata in the Gunlock area.

METHODS

A Jacob’s staff was used to measure six stratigraphic
sections near Gunlock. Aerial photographs, geologic
maps, and visual inspection were used to determine the
optimum locations for measuring. During the measure-
ment, detailed notes covering the various characteristics
(lithology, sedimentary structures, topographic expres-
sion, etc.) of the strata were recorded (the Geologic So-
ciety of America rock color chart was used to determine
the colors of the strata). In addition, representative sam-
ples were collected.

Laboratory analysis of the samples included thin-sec-
tioning, sieving, and point counts. Thin sections were ana-
lyzed microscopically for grain composition and grain-to-
grain relationships. Sieving was accomplished by dis-
aggregating the samples in water, drying the sediment,
and ro-tapping 150 grams of sediment for 10 minutes.
Sieves consisted of a series of 12 U.S. standard sieves rang-
ing from 8- to 250-mesh. Point counts involved isolating
100 grains in each disaggregated sample or thin section
and determining the number of quartz, feldspar, and lithic
fragment grains.
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GEOLOGIC SETTING

NOMENCLATURE

The strata covered in this report have been mapped as
Cretaceous undifferentiated (Cook 1957, 1960) and Iron
Springs Formation (Wiley 1963, McCarthy 1959). The

name Cretaceous undifferentiated is a valid title in that
there are no identifiable horizons that would separate the
rocks into mappable formations. However, this designa-
tion is too general to be of any value in correlation.

Van deGraff (1963) suggested that the Iron Springs For-
mation be identified as a sequence of conglomerate, sand-
stone, shale, and freshwater limestone. With the excep-
tion of the limestone, which is 2 minor member of
Mackin’s (1947) Iron Springs, this description fits the stud-
ied formation very well. Therefore the name Iron Springs
Formation will be applied to the strata studied in this
report.

AGE

The exact age of the Iron Springs Formation in the
Gunlock area is impossible to establish because there are

\
|
|
I
|
|
l
l
|
\

LEGEND

Q - Quaternary alluvium

Tv - Tertiary volcanics

Tc - Tertiary Claron

Kis - Cretaceous Iron Springs
Kd - Cretaceous Dakota

Je - Jurassic Carmel

—— Contact

— Fault

- Measured Section

L - Section identification

DETAIL
OF
MEASURED SECTIONS
5 feet =0
5 meters =00

Geology after Cook (I960) and Wiley (1963)

FIGURE 2.—Geologic map showing the locations of measured sections.
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no diagnostic fossils. However, on the southeast side of the
Pine Valley Mountains, part of the stratigraphic section
consists of, from oldest to youngest, Tropic Formation
(235 m), Straight Cliffs and Wahweap undivided (550 m),
and Kaiparowits Formation (365 m). The Iron Springs
near Gunlock is stratigraphically equivalent to these
formations.

The Tropic Shale contains fossils of Colorado age in the
Pine Valley Mountains (Cook 1957), but to the west it
thins rapidly and is absent in the Gunlock area. Richard-
son (1927) found fossils of Montana age in the Kaiparowits
Formation on the plateaus near Cedar City, but no fossils
have been reported in the Kaiparowits of the Pine Valley
Mountains or in the Iron Springs Formation. Therefore,
the Iron Springs is probably of Colorado and Montana age
(Cobban and Reeside 1952), but this is not absolutely cer-
tain due to the lack of diagnostic fossils in Iron Springs
strata.

PALEOGEOGRAPHY

The tectonic setting in western North America during
the Late Cretaceous consisted of an Andean-type arc-
trench system (Burchfield and Davis 1972, Dickinson
1975) located between 30 and 60° north latitude (Dott
and Batten 1976). Dott and Batten believe that the cli-
mate was warm and humid in this region during this time
interval. Figure 3 illustrates the general boundaries of the
subduction complex, orogenic highland, and foreland ba-
sin. The Gunlock area was located in the foreland basin, in
close proximity to the orogenic highland.

In the foreland basin, thick sequences of marine and
terrestrial sediments were deposited. During early Colo-
rado time a sea rapidly advanced into the basin from the

SuBDUCTIO \

FORELAND
BASIN

AFTER DICKINSON 1976

east (Spieker and Reeside 1926) and exerted a strong in-
fluence on sedimentation patterns of the basin. Many
shale and sandstone units were deposited in the marine
environment of this sea. The sea began to retreat in late
Colorado time, and by the end of Montana time the re-
gion was again subaerial.

Stokes and Heylmun (1963) suggested that a topo-
graphic low existed in the area between the Mesocordille-
ran highland and the Mogollon Rim during Cretaceous
time and termed it the Grand Canyon Bight (fig. 4). The
presence of the Grand Canyon Bight prevented influx of
sediment from the Mogollon Rim into the Gunlock area
and also caused the arcuate form of the Cretaceous
shoreline.

GEOLOGIC HISTORY

Five major events can be recognized in the history of
the Cretaceous strata near Gunlock. These include (1) a
period of erosion before deposition of Cretaceous rocks,
(2) deposition of Cretaceous rocks, (3) the Sevier orogeny,
(4) deformation due to the Laramide orogeny, and (5) ba-
sin-and-range block faulting.

UTAH

'+ CANYON

ARIZONA

~ |

° |
CALIE \‘l
3

After(/Stokes ard ;Heylmun 196

FIGURE 3.—Tectonic seiting of western North America during
Cretaceous time.

FIGURE 4.—Detailed illustration of the tectonic setting of
southwest Utah during Cretaceous time.
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A disconformable relationship exists between the un-
derlying Jurassic Carmel Formation and the Dakota con-
glomerate of the overlying Cretaceous strata (Wiley
1963). This boundary is marked by an abrupt change in
lithology from a silty marine shale to a coarse con-
glomerate. The age difference between the Late Jurassic
Carmel and the Cretaceous Dakota also reflects a long pe-
riod of erosion.

After the erosional interval, deposition of Cretaceous
rocks occurred. In the foreland basin a complex Late Cre-
taceous sequence of marine and terrestrial rocks was de-
posited throughout eastern Utah. The Iron Springs For-
mation and the Dakota conglomerate represent two of the
many units deposited in this basin.

The Sevier orogeny began in latest Jurassic time and
continued throughout the Cretaceous (Armstrong 1967).
The positive element of the Sevier orogeny was termed
the Sevier arch by Harris (1959) but is referred to as the
Mesocordilleran highland by Stokes and Heylmun (1963).
According to Harris, the Sevier arch extended from west
central Utah into southeast Nevada and was characterized
by uplift and thrusting of Paleozoic and Mesozoic strata.
The Cretaceous sandstones of southern Utah probably
consist of reworked sandstone eroded from the Sevier
arch (Harris 1959).

The Laramide orogeny began in the Late Cretaceous
and exerted a strong influence on the geology of western
North America until the end of the Eocene epoch
(Eardley 1962). The western boundary of the study area is
marked by a Laramide thrust plate called the Jackson
Mountain thrust by Wiley (1963). According to Wiley
(1963), the Jackson Mountain thrust moved eastward,
eventually overriding its own erosional debris. Wiley be-

****** —lieves that the conglomeratic Grapevine Wash Formation

(Claron Formation of Cook 1960), which overlies the Iron
Springs Formation, represents debris shed from the thrust
plate. Therefore, the contact between the underlying Iron
Springs and overlying Grapevine Wash would be grada-
tional, passing from sandstone and siltstone into coarse
conglomerate. However, most researchers in the sur-
rounding region (Cook 1957, Mackin 1947) have identi-
fied a disconformable relationship between the Cre-
taceous sandstones and the overlying conglomerates.

Basin-and-range faulting was the last event to affect the
Cretaceous rocks near Gunlock. The Iron Springs Forma-
tion, in the study area, is on the Beaver Dam Mountains
fault block, which is bounded on the east by the Gunlock,
Shebit, and Cedar Pocket Canyon faults, and on the west
by the Beaver Dam Wash fault (Dobbin 1939). Basin-and-
range faulting resulted in significant dissection of the Cre-
taceous formations on a regional scale, but correlation
based on stratigraphic position and lithology is still easily
accomplished.

STRATIGRAPHY

Cretaceous strata in the Gunlock area contain five basic
facies, including sandstone, shale, conglomerate, silty
shale, and red siltstone. The generalized stratigraphic col-
umn illustrated in figure 5 depicts the complex facies rela-
tionships of these strata. The remainder of this section
presents a detailed description of the characteristics of
each of these facies and a discussion of the provenance.

SANDSTONE FACIES

Sandstone constitutes approximately 65% of the rock
volume in the area and was classified on the basis of the
constituent grains, according to the system of McBride
(1963). All sandstone samples fell into the quartzarenite
and sublitharenite categories of this classification scheme.
Because of the high percentage of monocrystalline quartz,
the majority of the samples were classified as
quartzarenites.

Sedimentary structures in the sandstone facies are illus-
trated in figures 6-8 and include horizontal bedding, de-
formed bedding, and cross-bedding. However, approx-
imately 35% of the sandstone is massive, showing no
indication of sedimentary structures. Massive units occur
in beds 0.5 to 3 m thick and up to 150 m long and com-
monly form slopes with patches of outcrop.

Exposures of horizontally bedded sandstones are 75 to
200 cm thick and extend laterally for tens of meters (fig.
6). Individual layers are 0.5 to 2.0 cm thick and are con-
tinuous throughout the unit. Contacts with adjacent facies
are usually sharp; however, some gradational contacts do
occur.

A common deformation feature is illustrated in figure 7.

The vertical extent of deformation varies from 20 to 50
‘cm and always occurs in parallel bedded sandstone.

Cross stratification (fig. 8) occurs in units that are 0.5 to
2.5 m thick and extend laterally up to 150 m before grad-
ing into massive sandstone or undergoing a facies change.
Contacts with under- and overlying units are usually
sharp. However, the upper contact sometimes grades into
a massive or horizontally bedded sandstone, and lower
contacts sometimes grade into an underlying con-
glomerate. Cross stratification ranges from 10 to 40 cm in
thickness and the foreset laminae are inclined at an angle
of 15° to 25°.

Representative samples of each bedding type were dis-
aggregated and sieved to determine if a relationship exists
between bedding type and grain-size distribution. Sieve
analysis of the samples (appendix A) revealed size distri-
bution curves ranging from fines (clay size) to 0.83 mm
(coarse sand size). Size distribution of the sand units in the
area is consistent, and the dominant size is usually in the
0.15 to 0.21 mm range; therefore, there appears to be no
correlation between bedding type and size distribution. In
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gﬁ'ou O " addition, the fine fraction of the sieve analysis constitutes
gy 2. 0.0 0 to 9% of the total sample weight, but it too bears no ap-
o= 0.2 "o parent correlation to bedding type. However, there are
i P : ° two notable features of the sieve analysis. First, the cross-
bedded units will occasionally contain a higher percent-
age of coarse constituents; and, second, there is an obvious
shortage of grains in the 0.05-to-0.07-mm-diameter range.
f
e
N © : FIGURE 6.—Laminated sandstone in the sandstone facies.
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Figure 9 is a typical histogram of the samples collected
from the Iron Springs Formation.

Analysis of sorting is based on Folk’s (1966) criteria.
The majority of the samples fall in the moderately well
sorted category of Folk’s classification although some
samples are well sorted. Additional characteristics of the
grains include high sphericity and rounding ranging from
subangular to rounded, the majority being subrounded
and rounded.

Variation in cementation of the sandstone results in var-
iable topographic expression. Some of the sandstone units
are very friable and form moderate slopes and valleys, and
others are moderately well cemented and form ridges or
ledges 1 to 2 m high. Cementation is apparently random,
giving no preference to any single bedding type. How-
ever, there is an increase in the number of poorly ce-
mented sandstones in the upper 300 m of the section.

Color of the sandstone varies from bluish white to yel-
lowish brown, but the majority of the outcrops are yel-
lowish brown, and the bluish white outcrops are absent in
the upper 50 m of the section.

SHALE FACIES

Shale comprises approximately 10% of the total volume
of the Iron Springs Formation in the study area and forms
slopes and recesses among the sandstone outcrops. The
shale is commonly somewhat silty and occurs in lenses 10
to 50 ¢m thick and 15 to 50 m long, that are usually in
sharp contact with under- and overlying units.

Two prominent gullies occur in the lower 150 m of the
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FIGURE 9.—Histogram of a typical sand sample from the Iron
Springs Formation.

section (each approximately 30 m thick) in the southeast
corner of the study area. Examination of roadcuts at the
east margin of the study area indicates that these gullies
are a result of interbedded sandstone and shale. These
shale breaks pinch out to the west, are absent at the west-
ern margin of the study area, and are cut off by the Gun-
lock fault to the east. Cook (1957) measured the Cre-
taceous in Diamond Valley of the Pine Valley Mountains
and did not mention any shale breaks in the lower part of
the Diamond Valley section. Therefore, it is assumed that
the shale breaks are a local feature. Throughout the re-
mainder of the study area the shale is irregularly dis-
tributed, and thick shale breaks are absent.

Weathering characteristics of the shale result in rare ex-
posures of rock; therefore, descriptions of bedding and
sedimentary structures are based on a limited number of
outcrops. In the outcrops examined, the shale was usually
in sharp contact with an overlying conglomerate or cross-
bedded sandstone. The only bedding characteristic visible
is the load structure illustrated in figure 10. Distortion of

FIGURE 10.—Shale facies with an overlying sandstone unit.

bedding in the overlying sandstone indicates that this de-
formation was probably caused by sinking of the sand-
stone into the shale.

In the strike valleys near the bottom of the section, the
shale is medium gray. Higher in the section the color
ranges from grayish red purple to light pinkish gray to
medium gray to grayish green.

Gulf laboratories of Houston, Texas, performed pyrol-
ysis tests on ten shale samples which were collected at
various localities in the study area. The tests yielded mini-
mal hydrocarbons, and the absence of a temperature fac-
tor indicates a very immature shale. The test results are
presented in appendix B.

CONGLOMERATE FACIES

Conglomerate beds in the Gunlock area constitute ap-
proximately 5% of the total rock volume. Constituent
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clasts include sandstone (20%-60%), quartzite (20%-40%),
chert (10%-20%), and limestone (0%-20%) in a sand ma-
trix. The majority of the clasts are subrounded and have
low sphericity, with a long dimension ranging from 0.3 to
10 cm. The matrix material is identical in character to the
sandstone facies, and constitutes 25%-75% of the total
rock volume.

The conglomerate is usually interbedded with sand-
stone, and the contact between the two facies is either
sharp or gradational (fig. 11). Usually, the lower contact is
very sharp, whereas the upper contact can be sharp, or it
can rapidly grade into a cross-bedded sandstone. Cross-
beds up to 30 cm thick are common in the conglomerates
that have a high percentage of matrix material, but those
with a low percentage of matrix material are massive.

Conglomerate units range in thickness from 20 to 150
cm and commonly occur as channels in the underlying
sandstone. Unfortunately, incomplete exposures prevent
precise determination of their lateral extent. The most
complete exposure located is approximately 30 m long
but obviously extends beyond this limit.

RED SILTSTONE FACIES

Red siltstone units stand out in prominent contrast to
the typical yellowish brown sandstone of the area (fig. 12).
This rock type makes up about 10% of the total rock vol-
ume and weathers to form slopes with minor protruding
ledges 25 to 50 cm thick. Bedding in the siltstone is not
visible, with the exception of the small ledges.

Trace fossils were located in three of the siltstone
ledges in the study area. These fossils are tubular, have a
diameter of approximately 2 cm, and are 10 to 20 cm in
length. Orientation relative to bedding is horizontal or
vertical, and they are linear or slightly sinuous. Unfortu-
nately, they are poorly preserved and consequently could
not be identified.

Contacts between the siltstone and adjacent rocks are
not exposed because of the weathering characteristics of
the siltstone. It was therefore difficult to precisely estab-
lish the geometry of the siltstone units. However, it ap-
pears that the siltstone is in sharp vertical contact with
adjacent units, varies from 1 to 10 m in thickness, and has
a lateral extent of 50 to 150 m.

SILTY SHALE FACIES

The gradational contact between the sandstone and
silty shale renders estimates of the volume very difficult.
However, the silty shale probably occupies approximately
10% of the total volume of Cretaceous rocks in the area.

This rock type contains 20%-50% silt and sand-size
quartz grains suspended in a mud matrix, which makes up
the remaining 50%-80% of the rock. Color of the rock

FIGURE 11.—Conglomerate facies.

varies from light greenish gray to pale red, or pale yellow-
ish orange. The pale yellowish orange units contain the
highest percentage of silt. Lithic fragments are also pres-
ent but are rare.

The silty shale weathers to form slopes and is invariably
in sharp contact with an overlying cross-bedded or mas-
sive sandstone (fig. 13). The lower contact is normally
gradational, fining upward from massive sandstone.

There are also a number of exposures in which the silty
shale facies is interbedded with the sandstone facies as il-
lustrated in figure 14. In these exposures the individual
beds are 5 to 15 cm thick and extend laterally for tens of
meters.

Wavy bedding is also a common feature of the silty
shale facies, and consists of an irregular pattern of small-
scale laminae as illustrated in figure 15. Wavy bedded ho-
rizons are usually about 75 cm thick and extend laterally
up to as much as 50 m.

DAKOTA CONGLOMERATE

The basal unit of the Cretaceous strata is a massive con-
glomerate which ranges in thickness from 13 m at the east

FIGURE 12.—Red siltstone facies.



DEPOSITIONAL ENVIRONMENT OF THE IRON SPRINGS FORMATION 37

FIGURE 13.—Silty shale facies.

margin of the study area to 3 m at the west margin (fig.
16). This conglomerate was mapped as Dakota by
McCarthy (1959) and Wiley (1963), and forms a promi-
nent but discontinuous ridge over much of the area. In the
central third of the study area the Dakota is missing, and
the Iron Springs Formation is in fault or disconformable
contact with Jurassic rocks.

Clasts in the conglomerate constitute approximately
70% of the total rock volume and include limestone (50%),
quartzite (50%), and minor amounts of chert. Size of the
clasts ranges from 1 to 25 c¢m in diameter, the majority
being in the 4-to-10-cm category. Matrix material consists
of calcareous sandstone and occupies the remaining 30%
of the rock volume. Sandstone lenses up to 30 cm thick
and 10 m long occur within the conglomerate but are
rare, constituting only about 3% of the total unit.

The Dakota is in disconformable contact with the un-
derlying Jurassic Carmel Formation, where an abrupt

~change in lithology from a marine siltstone to a coarse”

conglomerate reflects the erosional surface between the
two formations. The contact between the Dakota and the
overlying rock is not exposed on the eastern side of the

FIGURE 14.—Interbedded silty shale and sandstone unit.

study area; however, it appears that the overlying rocks
consist of interbedded sandstone and shale. Near the west-
ern margin of the study area the Dakota is in direct, sharp
contact with overlying sandstone.

At the type locality for the Iron Springs Formation (in
the Iron Springs mining district 45 km northeast of Gun-
lock), Mackin (1947) described a basal conglomerate
which grades into an overlying limestone. The basal con-
glomerate described by Mackin is very similar to the Da-
kota in the Gunlock area; however, in the Gunlock area
the conglomerate is in sharp contact with shale or sand-
stone and is discontinuous. In addition, the characteristics
of the Dakota and conglomerate facies are markedly dif-
ferent. This tends to indicate that the Dakota is a unique
event in the sedimentation history of the Cretaceous
strata near Gunlock.

MEASURED SECTIONS

Six stratigraphic sections were measured in the Iron
Springs Formation near Gunlock. Section Y was described
in detail, whereas the other sections were generally de-

FIGURE 15.—Wavy bedding in the silty shale facies.
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study areq.

scribed; however, the best exposures of the upper fourth
of the Iron Springs strata occur in section W. Overall, the
strata are very complex throughout the Gunlock area. The
sections were examined collectively to determine if later-
al correlation was possible, but there are no laterally con-
sistent horizons.

The following stratigraphic section represents the de-
tailed measurement of units 8-10 of section Y and is typi-
cal of the strata throughout the Iron Springs Formation in
the Gunlock area.

Thickness
Unit  Description (meters)
10 Conglomerate, massive, forms ledge, clasts consist 15
of chert (10%), quartzite (40%), sandstone (30%),
and limestone (20%) from 0.5 to 8.0 cm in diame-
ter, contacts with under- and overlying sandstone
are sharp.
9k Sandstone, moderate yeilowish brown, massive, 0.5
forms ledge, sharp contacts, extends laterally ap-
proximately 50 m.
9 Sandstone, moderate yellowish brown, massive, 2.0
forms slopes with patches: of otftcrop, sharp
contacts.
9i Sandstone, moderate yellowish brown, cross-beds 2.5

up to 25 cm thick, forms ledge, sharp vertical con-
tacts, extends laterally approximately 100 m.

%h Silty shale, grayish orange, forms recess below the 0.5
overlying ledge.

9% Sandstone, bluish white, massive, forms slope with 3.0
patches of outcrop, sharp lower. contact, grada-
tional upper contact with silty shale.

of Sandstone, bluish white, horizontal bedding in 2.0
units 1.5 cm thick, forms ledge, sharp vertical con-
tacts, extends laterally approximately 125 m.

9e Sandstone, moderate yellowish brown, massive, 2.5
forms slope with patches of outcrop, grades into
silty shale which is in sharp contact with overlying
sandstone ledge.

9d Sandstone, moderate yellowish brown, massive, 1.0
forms ledge, sharp contacts, extends laterally ap-
proximately 50 m.

9c  Shale, moderate gray, forms slope. 0.25

FIGURE 16.—Dakota conglomerate at the eastern side of the

9b Sandstone, moderate yellowish brown, massive, 3.0
forms slope with patches of outcrops, sharp verti-
cal contacts. .

" Oa Sandstone, moderate yellowish brown, cross-beds 1.5

up to 30 cm thick, forms ledge, sharp contacts
with under- and overlying units, extends laterally
approximately 70 m.

8 Siltstone, pale reddish brown, bedding indistinct, 2.5
forms a slope with a 25-cm-thick ledge near the
middle of the unit, vertical contacts with adjacent
facies are apparently sharp.

Figure 17 is a diagrammatic representation of the pre-
ceding detailed section. All the various facies are demon-
strated in this illustration, which shows the complexity of
the Iron Springs Formation. The majority of the units are
in sharp contact with over- and underlying strata, and the
various bedding types are irregularly distributed through-
out the area.

PROVENANCE

A general source for the Iron Springs sediment in the
Gunlock area can be established by examining the tecton-
ic history of the area and the character of the Cretaceous
samples.

According to Dickinson (1975), the tectonic setting in
the western United States during the Late Cretaceous
consisted of an Andean-type arc-trench system (fig. 3).
The orogenic highland to the west of the Gunlock area
was a foreland thrust belt in which Paleozoic and early
Mesozoic rocks were uplifted. These uplifted rocks were
undoubtedly the source of the Iron Springs sediments.

Identifying the exact formations from which the Iron
Springs Formation was derived is more tenuous. How-
ever, the sandstone units, which constitute most of the for-
mation near Gunlock, consist of a very mature sand. Mi-
croscopic examination of 70 sandstone samples revealed
that all samples contain approximately 95% mono-
crystalline quartz, 5% lithic fragments, and rare grains of
feldspar and polycrystalline quartz. Using the roundness
and sphericity scale described by Powers (1953), it was
found that the grains have high sphericity and rounding
ranges from subangular to rounded, the majority being in
the rounded and subrounded categories. Therefore, it is
very likely that the sediment in the Iron Springs consists
of reworked sand grains,

Reeside and Bassler (1921) recorded approximately
2.800 m of late Paleozoic and early Mesozoic rocks under-
lying the Cretaceous in southwest Utah. These rocks con-
sist primarily of shale and sandstone; with some minor
limestone and conglomerate units, and were probably in-
volved in the uplifting and thrusting to the west. Con-
sequently, they are a very likely source for the sediment of
the Iron Springs Formation.

In summary, the Cretaceous sediments near Gunlock
are mature sandstones derived from uplifted Paleozoic
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FIGURE 17.—Detailed stratigraphic column of part of the Iron
Springs Formation.

and early Mesozoic rocks in the foreland fold thrust belt
of the Mesocordilleran highland.

DEPOSITIONAL ENVIRONMENT

Reconstruction of the depositional environment in-
volves evaluation of the physical, chemical, and biological
characteristics preserved in the rocks (Gould 1972) and
correlation of these characteristics with a modern analog.
The five parameters most useful in establishing these
characteristics are geometry, lithology, sedimentary
structures, fossils, and paleocurrent (Shelly 1970).

Lithology, sedimentary structures, and bedding charac-
teristics provide the primary data base for evaluating the
depositional environment of the Iron Springs Formation.
The stratigraphic column depicted in figure 17 illustrates
a portion of measured section Y and demonstrates the
complex facies relationships of the Iron Springs strata.
Analysis of all measured sections reveals little change
(vertically or laterally) in the characteristics and inter-
relationships of the various facies throughout the study
area.

Lithologies in the Iron Springs Formation near Gun-
lock are exclusively clastic, ranging in texture from coarse
conglomerate to shale. The total outcrop consists of ap-
proximately 5% conglomerate, 65% sandstone, 10% silty
shale, 10% red siltstone, and 10% shale. Distribution of the
various lithologies is complex, and the section is apparent-
ly void of any cyclic pattern.

Bedding characteristics of the Iron Springs strata con-
sists of a complex pattern of thick to very thick bedded
rock bodies ranging from 0.5 to 3.0 m in thickness. Unfor-
tunately, the lateral extent of the beds is difficult to ana-

_lyze because of incomplete exposures, lateral facies

changes, and alluvial cover. Complete exposures of indi-
vidual facies are generally 0.5 to 3.0 m thick, 25 to 150 m
long, and usually have sharp contacts with under- and
overlying units. Some contacts are gradational, and occa-
sionally a single unit consists of a basal conglomerate
grading upwards into sandstone, with silty shale on top;
however, such a complete sequence is rare.

The primary sedimentary structures include wavy bed-
ding, horizontal bedding, and cross-bedding. Cross-bed-
ding is the most common structure, occurring in approx-
imately 35% of the exposures of sandstone and
conglomerate. Wavy and horizontal bedding are also
common but are much less frequent. Distribution of bed-
ding types in the overall study area is very complex and
appears to follow no consistent pattern. The grain-size
distribution of the various bedding types in the sandstone
facies is consistent; however, the cross-bedded sandstones
will occasionally have a higher percentage of coarse con-
stituents, which probably reflects a higher flow regime for
some cross-bedded units. In addition, there is a marked
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shortage of grains in the 0.05-t0-0.07-mm size range. This
shortage could be caused by a number of factors affecting
the environment and therefore is an enigma.

Extensive field search by the author and microscopic
examination of samples at Gulf’s laboratories yielded no
fossils in the Iron Springs Formation near Gunlock that
could be used to determine the age of the strata. How-
ever, fossil evidence is present that aids in establishing the
depositional environment. Pieces of petrified wood up to
25 cm long and 10 cm in diameter are common in the
area. The wood is impregnated with mud and is poorly
preserved. Texture of the wood is very rough, indicating
extensive weathering before burial. Macerated plant frag-
ments commonly occur as a carbon film in the shale
facies, particularly in the gray shales. However, all plant
fragments are very small, and species cannot be identified.

Root casts were collected at two localities. These casts
are generally 5 to 10 cm long and range from 3 to 8 mm in
diameter. They commonly occur in clusters of interwoven
casts, and always occur in the silty shale facies. Trace fos-
sils, described previously, were also found at three local-
ities in the red siltstone facies.

Trends in the overall geometry of the Iron Springs For-
mation in the study area are difficult to analyze because
of the disconformable relationship with under- and over-
lying strata and the limited number of outcrops. Cook
measured approximately 1,100 m of undifferentiated Cre-
taceous in the Pine Valley Mountains. In the study area,
section Y is 1,070 m thick, and section W is 835 m thick.
This trend indicates a westward thinning, but this obser-
vation is tenuous. In addition, extensive faulting in the
area could have resulted in repetition or deletion of part
of the section. However, there is no conclusive evidence
to indicate that any of the measured sections are affected
by the faulting.

Unfortunately, data concerning paleocurrents in the
Iron Springs Formation is scarce. The only current in-
dicator exposed in the area is cross-bedding, and the expo-
sures capable of yielding reliable current directions are
rare. Therefore, there is no data presented here con-
cerning paleocurrent directions.

In summary, the lithology of the Iron Springs near Gun-
lock is exclusively clastic; individual facies range from 10
cm to 3 m in thickness; primary sedimentary structures in-
clude cross-bedding, parallel bedding, and wavy bedding;
and preserved fossils primarily consist of macerated plant
fragments and petrified wood. This data corresponds well
with the braided-stream model for the depositional
environment.

The regional paleogeography also corresponds well
with a fluvial interpretation for the Gunlock strata. Moir
(1974) identified a variety of marine and nearshore depos-
its in the Cedar City area and noted that the marine de-

posits increase in frequency and thickness to the east and
decrease to the west. Using Walthers law of the correla-
tion of facies, terrestrial deposits (if preserved) should be
located somewhere to the west of the beach environment
described by Moir. The characteristics of the Iron Springs
Formation suggest that it represents a braided fluvial se-
quence deposited near the Cretaceous sea that lay to the
east.

DEPOSITIONAL MODEL

Modern braided streams occur in a variety of geologic
settings ranging from mountainous to coastal terrain. Rei-
neck and Singh (1980) and Cant (1982) provide excellent
summaries of the voluminous literature relevant to
braided-stream deposits. Miall (1977) classified braided
streams into four categories based on the characteristics
described in both modern and ancient deposits.

The Iron Springs Formation correlates very well with
Miall’s Platte-type braided model in many respects; how-
ever, it also has many characteristics that correspond with
the Donjek-type model. The Platte River is dominated by
sand that is deposited in units of planar cross-stratified,
linguoid, and transverse sandbars. Sand also constitutes
the majority of the Iron Springs Formation; however,
planar cross-stratification does not dominate the se-
quence. In addition, the relative abundances of the vari-
ous facies in the Iron Springs Formation is very similar to
the Platte type.

The Donjek type has fining upward sequences, inter-
bedded silty shale and sandstone, and abundant trough
cross-stratification. The Iron Springs also has all of these
characteristics; however, they are not as common or as
complex as in the Donjek River. The Donjek River, Platte
River, and Iron Springs Formation are represented dia-
gramatically in figure 18.

The most obvious difference between the Platte and
Donjek braided deposits and the Iron Springs Formation
is the massive sandstone that dominates the Iron Springs
sequence. The occurrence of massive sandstone is not
documented in any studies of braided streams, yet massive
units occupy approximately 35% of the rocks in the Iron
Springs Formation. Hamblin (1965) determined that most
homogenous sandstones actually have a definite internal
structure that is too subtle to be seen with the unaided eye
and requires X-ray radiography techniques to be de-
tected. Massive units in the Iron Springs probably have in-
ternal structure, but the external manifestation of the
structure has been destroyed, or is too faint to be seen. In
addition, many of the massive units form slopes, which
could obscure the sedimentary structure.

Deposition in a braided stream occurs both laterally
and vertically, primarily in the form of channel bars, sand
flats, and channel fill. Each of the facies identified in the
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Iron Springs Formation represents deposition in a sub-
environment of the braided sequence. Figure 19 (modeled
after Williams and Rust 1969) illustrates the various
‘realms of deposition and the associated facies of the Iron
Springs strata.

Channel bars are the primary mode of deposition in a
braided stream (Smith 1970). The majority of the cross-
bedded units in the Iron Springs Formation represent
deposition of sand in these bars. Foreset laminae of the
cross-beds are a result of migrating megaripples, dunes,
and sandwaves (Cant and Walker 1978, Coleman 1969) on
sand flats and channel bars and in channels.

Horizontally bedded sands also occur in braided envi-
ronments, but are much less common than cross-bedded
units (Williams and Rust 1969, Cant and Walker 1978,
Coleman 1969). Horizontal lamination occurs exclusively
in channel bars and is considered a high-flow regime fea-
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ture, possibly due to flooding. Coleman (1969) in an X-ray
radiograph study of some laminated sands in the Brahma-
putra River, found that individual laminae actually con-
sisted of very small-scale planar cross-stratified units.
Cross-stratification was not observed in the laminated
sandstones of the Iron Springs Formation; however, X-ray
radiograph studies were not conducted.

Fining-upward sequences in the Iron Springs are rare.
They consist of channel-lag deposits about 50 cm thick,
sandstone about 1.5 m thick, and silty shale about 50 cm
thick. The rare occurrence of fining-upward sequences in
the Gunlock strata is a result of deposition in point bars.
Point bars locally occur in braided-stream deposits and
usually occur at the distal margins of the stream channel
(Rust 1978).

The deformation feature described in the horizontally
bedded sandstone and illustrated in figure 7 was probably

Donjek fron Springs Platte
Type Formation Type
(Miall 1977) (this report) (Miall 1977)
NN
——
conglomerate
B N,
siltstone crossbedded
sandstone trough crossbedded
sandstone
- trough crossbedded |
sandstone shale
9
horizontal bedded
sandstone
planar crossbedded
shale sandstone
shale
) 2y conglomerate
massive sandstone
planar crossbedded siltstone 5
sandstone
m
8 siltstone
71 R 0

FIGURE 18.—Comparison of the Iron Springs Formation to the Donjek and Platte type of braided sequences.
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caused by the rising of silt or mud that was trapped in the
sanidstone. Silt volcanoes observed by Williams and Rust
(1969) in the Donjek River could result in this type of de-
formation. However, Williams and Rust failed to docu-
ment any deformation caused by the silt volcanoes.

Wavy bedding in the silty-shale facies represents climb-
ing-ripple lamination which is a common feature of
braided deposits. This facies was deposited in the lower-
flow regime near the margins of the stream channel (Cole-
man 1969). Some of the silty-shale beds contain root casts,
which indicate deposition in a region that persisted long
enough to allow plant growth. Vegetation in braided en-
vironments is well documented by Williams and Rust
(1969).

Units of interbedded sandstone and silty shale are also a
common feature of braided streams (Smith 1974, Wil-
liams and Rust 1969). These deposits occur in minor chan-
nels which are subject to periodic variations in current in-
tensity. Sandstone beds are deposited during high-water
phases, whereas silty shale is deposited during low-water
phases.

Deposition of the shale facies probably occurred in pa-
ludal areas that were subject to occasional flooding (Smith
1974, Williams and Rust 1969) and in abandoned chan-
nels, which would also provide good basins for accumula-
tion of this facies. The red siltstone facies also probably
accumulated in abandoned channels. However, the larger
grain size indicates a higher flow regime than shale.
Therefore, abandoned channels filled with red siltstone
were probably subject to frequent flooding, or continuous
sedimentation at a low-energy level.

The interbedded shale and sandstone breaks in the
southeast corner of the study area are lithologically very
similar to the Tropic Formation of the Pine Valley Moun-
tains. However, marine fossils are absent, and the breaks
are apparently a local feature (see “Shale Facies” section).
Therefore, they probably represent anomalous areas of
low energy which received more silt and clay than other
areas.

The conglomerate facies represents channel deposits in
the highest-flow regime of the fluvial sequence. Deposits
identical to the Iron Springs conglomerate have been re-

Detail - Margin of
stream channel.

Regional facies relationships.
Channel

" Channel . -
JocBar

Modified after Willioms and Rust (1969)

Sh - Shale facies

Sy - Silty shale facies

Si - Interbedded silty shale
and sandstone

Sd - Sandstone facies

Rs - Red siltstone facies

Cg - Conglomerate facies

Channel
B

Bar Channel

Floodplain

FIGURE 19.—Depositional model for strata in the Iron Springs Formation.
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ported by Williams and Rust (1969), Smith (1974), and
others in braided fluvial environments.

The Dakota conglomerate is markedly different from
the conglomerate facies in the Iron Springs Formation.
Clasts of the basal units are much larger, and the overall
clast composition is very different. Stokes (1952) believes
that the Dakota represents gravels deposited on the ero-
sional surface which existed during Early Cretaceous
time. In the Gunlock area the Dakota appears to concur
with Stokes’s evaluation. However, the contact between
the Dakota and Iron Springs is also very abrupt, in-
dicating that the Dakota too is an erosional surface. Un-
fortunately, the time gap between the Dakota con-
glomerate and Iron Springs Formation is impossible to
establish because of the absence of identifiable guide
fossils.

SUMMARY

The Iron Springs Formation was deposited in the fore-
land basin of an Andean-type arc-trench system near the
shore of a Cretaceous sea.

Characteristics of the collected samples indicate that
the grains in general are very mature and were probably

derived from uplifted Paleozoic and Mesozoic strata of -

the Sevier orogenic highland.

Cretaceous strata in the Gunlock area were deposited
in a complex braided-stream environment. The sandstone
facies was deposited primarily in channel bars, sand flats,
and channels in the fluvial system. Point bars are also
present and are expressed as fining-upward sequences in
the strata; however, they are rare. Silty shale units repre-
sent deposition in low-energy environments near the mar-
gins of the stream channel. The shale and red siltstone
probably represent deposition in abandoned channels and
paludal areas in the floodplain. Conglomerates of the Iron
Springs Formation were deposited in channel bottoms of
the braided fluvial complex. The Dakota conglomerate is

"in disconformable contact with the under- and overlying

rocks and probably represents fluvial deposition on a
pediment surface.
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'SAMPLES — MFEASURED IN GRAMS

APPENDIX A
SIEVE ANALYSIS DATA
U.S. STANDARD SIEVE--MESH OPENING
fines 250 200 140 100 60 50 40 30 20

1-M 4.6 | 1.4 | 11.0 | 42.7 | 83.1 | 4.0 | 0.7 - - -
2-L 3.0 N 5.6 | 21.4 |103.1 | 14.2 | 3.2 - - -
3-L N N 4.1 | 16.7 | 74.2 | 37.6 | 15.3 | 1.8 - -
4-X 7.3 | 0.8 | 11.6 | 33.8 | 73.8 | 13.8 | 7.9 - - -
5-M 1.5 N 4.5 | 20.5 | 78.6 | 31.0 | 14.2 | 0.7 - -
6-M 1.5 N 3.2 | 12.4 | 51.6 | 40.5 | 31.7 | 10.3 - -
7-M | 13.0 | 0.4 | 19.4 | 46.5 | 58.4 | 9.2 | 4.8 | 0.7 - -
8-M | 13.5 | 0.4 | 21.3 | 48.3 | 53.3 | 10.2 | 4.7 | 0.6 - -
9-L 1.3 N 3.0 | 20.1 | 79.3 | 28.5 | 16.8 | 3.4 - -
10-X 8.0 | 3.2 | 29.1 | 81.5 | 27.0 | 1.4 | 0.9 - - -
11-M 1.0 N 1.8 | 13.4 | 75.0 | 33.0 | 21.4 | 4.3 - -
12-L 6.1 N 7.6 | 17.8 | 76.9 | 23.0 | 18.5 | 0.8 - -
13-X 7.0 N | 11.4 | 30.8 | 51.8 | 25.5 | 19.5 | 4.2 | 1.4 -
14-L 4.4 | 0.8 |12.8 | 39.5 | 63.7 | 16.5 | 10.1 | 2.7 | 1.1 -
15-L 4.7 N | 10.1 | 27.0 | 54.0 | 32.8 | 18.9 | 3.5 | 0.6 -
16-X 1.0 { 0.8 | 2.4 | 7.5 | 40.7 | 48.5 | 41.3 | 9.3 | 0.7 -
17-L 4.2 | 0.6 | 4.5 | 15.7 | 98.0 | 21.1 | 8.4 - - -
18-X 2.9 N 2.0 | 5.6 | 46.5 | 38.1 | 36.1 | 15.3 | 3.8 | 0.6
192X 1.4 N 1.5 | 8.1 | 71.3 | 33.8 | 22.4 | 11.4 | 2.7 -

.20 | 1.8 | N | 2.6 | 13.5.|.92.6 | 25.8 | 13.6 | 2.6 | 0.9 | _  -_
21-M 1.6 N 4.2 | 21,8 | 66.1 33.5 | 19.8 | 5.5 | 0.9 -
22-% 4.0 N 4.2 | 16.4 | 57.4 | 35.0 | 23.7 | 9.3 | 2.2 -
23-X 2.9 N 2.9 | 11.4 | 69.9 | 32.3 | 23.1 | 7.5 | 3.1 0.8
24-X 2.5 N 2.9 | 8.8 | 93.5 | 31.0 | 13.3 | 0.6 - -
25-x | 5.0 N 4.5 | 11.5 | 48.6 | 34.2 | 33.2 | 15.0 | 2.9 -
26-X N N 2.0 | 7.9 | 56.0 | 37.1 | 36.3 | 10.9 | 2.4 -
27-X 0.5 N 0.8 | 4.0 | 28.1 | 32.7 | 52.7 | 29.2 | 1.0 -
281 3.3 | 0.6 | 11.7 | 38.6 | 70.5 | 16.3 | 8.1 | 2.5 - -
29-X 4.7 | 0.9 | 10.4 | 41.7 | 80.7 | 7.9 | 4.5 | 0.3 - -
30-X 1.2 | 0.2 | 1.2 | 4.8 | 50.0 | 47.8 | 36.9 | 7.4 | 0.8 -
31-M 1.0 N 1.0 | 6.6 | 77.4 | 43.7 | 18.9 | 2.2 - -
32X | 6.2 N 6.0 | 19.1 | 71.7 | 27.5 | 18.1 - - -

N =
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16

negligible, M = massive bedded, L = parallel bedded, X = cross-bedded
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APPENDIX B
TOTAL ORGANIC CARBON AND PYROLYSIS RESULTS
IRON SPRINGS FORMATION
Sample T.0.C. S S. S Tmax H 0
Number (we.%) mg/g rock mg/g rock mg/g rock (°C) Index Index Sample Location*
1-12¢C 0.24 0.00 0.00° 0.00 - 0.0 0.0 Sec 29 SW 1/4 of SE 1/4
1-12D 0.21 0.00 0.00 0.00 - 0.0 0.0 Sec 29 NE 1/4 of SW 1/4
1-13C 1.13 0.00 0.00 0.12 - 0.0 10.6 Sec 29 SW 1/4 of SE 1/4
1-13K 0. 36 0.00 0.00 0.00 - 0.0 0.0 Sec 29 NW 1/4 of SE 1/4
1-17A 2.38 0.00 0.00 1.76 - 0.0 73.9 Sec 29 SW 1/4 of NE 1/4
1-17D 2.38 0.00 0.08" 3.45 - 3.4 144.9 Sec 29 SW 1/4 of NE 1/4
1-26B 0.50 0.00 0.00 0.00 - 0.0 0.0 Sec 29 NE 1/4 of NE 1/4
1-29 0.30 0.00 0.00 0.18 - 0.0 60.0 Sec 28 NW 1/4 of NW 1/4
1-31 0.23 0.00 0.00 0.00 - 0.0 0.0 Sec 21 SW 1/4 of SW 1/4
2-14 0.48 0.00 0.00 0.00 - 0.0 0.0 Sec 28 SW 1/4 of SW 1/4

% All sample locations are on the Gunlock, Utah 7 1/2 min quadrangle, R17W, T40S.




