A3010099 yein

‘S "IOA

8,61 ‘Sunuds ‘T ‘ON

UTAH GEOLOGICAL AND MINERAL SURVEY
a division of the
UTAH DEPARTMENT OF NATURAL RESOURCES

Vol. 5, No. 1, Spring




STATE OF UTAH
Scott M. Matheson, Governor

DEPARTMENT OF NATURAIL RESOURCES

Gordon E. Tlarmston, Executive Director

UTAIl GEOLOGICAL AND MINERAL SURVEY
Donald T. McMillan, Director

UGMS UTAH GEOLOGY STAFF

Howard R. Ritzma o Editorial Advisor
Ncinkhay (Rt s e s oatss SA0 i S - Sr oot e e MO A s L e T e Geologic Editor
Wilma Ann Boone, Debbie Madsen AR Editorial Assistants
Brent R. Jones Chief Illustrator

[llustration and Artwork




Utah Geology

Vol. 5, No. 1 Spring, 1978

CONTENTS

Lead and Strontium Isotopic Study of
Igneous Rocks and Ores, Gold Hill District, Utah
by J. S. Stacey and R. E. Zartman . . . . . . . . oottt e e e e e e 1

Wind Tides of the Great Salt Lake
by Anching Lin and Po Wang . . . . . . . .« . o it it e it e e e e e 17

Manganese, Molybdenum and Selenium
in the Great Salt Lake
by Paul L. Tayler, Lynn A. Hutchinson and Melvin K. Muir . . . . . . . .. ... ..o 27

Preliminary Geologic Map of the Wildcat Creek Area,
Eastern Beaver County, Utah
by Galen Haugh . . . . . . . . . i i i i it e e e e e e 33

Gravity Study of the Fumarole Butte Area,
Juab and Millard Counties, Utah
by Timothy B. Smith, Kenneth L. Cook, and Wayne J. Peeples . . . . . . ... e 37

Stratigraphy of the Coal-Bearing Blackhawk Formation
on North Horn Mountain, Wasatch Plateau, Utah
by Jan L. JORNSON . . . . . o o o i i i i e e e e e e e 57

Earthquake Epicenters in Utah
January - June 1977
by Kenneth L. CoOk . . . . . . . v i i i i ittt s e 79

Cover scenes from photos of old Gold Hill Mining camp. “What’s Next Dr. Peck” by Joseph H. Peck, M.D., 1959, Prentiss-
Hall. Sketches by Greg McLaughlin.



INFORMATION FOR CONTRIBUTORS

UTAH GEOLOGY is published two times a year and contains short scientific papers dealing with some aspect of
the geology of Utah.

The Utah Geological and Mineral Survey invites authors to submit their papers for publication in UTAH
GEOLOGY. Manuscripts should be submitted to the Editor, UTAH GEOLOGY, 606 Black Hawk Way, Salt Lake City,
Utah 84108.

Papers should be not more than 60 pages in length, typewritten and double-spaced. with no words split at the
ends of lines. The form should be that generally accepted by the U. S. Geological Survey, the Geological Society of
America, or that in a recent issue of UTAH GEOLOGY. Include a table of contents and lists of tables and illustrations,
with captions and the page number on which each is first mentioned, in the order of their appearance.

All illustrations and tables must be complete and clearly labeled, be on separate pages, and be referred to in the
text. The place at which they are to appear in the text should be indicated. Plan illustrations to fit page size (18.5 x 22
cm or 7% x 9% inches), single column width (5.75 c¢m or 2 5/16 inch), or two column width (12.2 c¢cm or 4 13/16 inch).
Extreme reduction should be avoided.

Photographs should be oversized, good quality, black and white glossy prints. Any lettering or lines should be
made on an attached transparent overlay.

Measurements should be given in the metric system, with English equivalents given in parentheses. Exceptions
are original data with many measurements made in English units, such as drill hole data.

All material not the original work of the author must be properly credited and necessary permission obtained for
its use. The list of references to writings or maps of other authors must be complete and accurate, with the names of
the publications spelled out.

The author should retain a copy of his manuscript and illustrations, as the Utah Geological and Mineral Survey
can not be responsible for material lost in the mails. Original illustrations and photos will be sent at the owners risk;
they will be carefully handled and returned on request, but the Utah Geological and Mineral Survey can not assume
liability for loss or damage.

Papers will be read for scientific content, originality, and clarity of presentation, and may be returned to the
author for his approval of any suggested changes or for necessary revision. Once both the author and editor are satisfied
with the paper, it will be considered correct, complete, and ready for printing. A galley proof will be prepared and
returned to the author, who should read it carefully for any errors or omissions in the text, tables, illustrations, legends,
and bibliographic references. The author should make necessary corrections on the galley and return it to the editor.
Since changes are costly and time-consuming, the cost of additions or changes not the responsibility of the editorial
office must be assumed by the author.

Twenty five reprints will be provided free of charge for each published paper. Additional copies can be ordered
from the publisher at cost; information will be provided to the authors before publication.

SUBSCRIPTION INFORMATION

Subscriptions to UTAH GEOLOGY are $7.00 per year (for two issues); $13.00 for two years, and $18.00 for
three years. Single issues are available for $4.00. Send orders for subscriptions to:

Publication Sales Office
Utah Geological and Mineral Survey
606 Black Hawk Way
Salt Lake City, Utah 84108



A LEAD AND STRONTIUM ISOTOPIC STUDY

OF IGNEOUS ROCKS AND ORES

FROM THE GOLD HILL MINING DISTRICT, UTAH

ABSTRACT

A multistage model is presented to
account for the different lead isotopic
compositons of the northern and south-
ern parts of the Gold Hill stock. The
stock was found actually to be two
bodies of different ages - Oligocene in the
north (38 m. y.) and Jurassic in the south
(152 m.y.). Initial 87 Sr/ 8°Sr ratios com-
puted from measurements made on the
intrusive rocks are 0.715 = 0.001 for the
north and 0.709 = 0.001 for the south.

Lead in the northern intrusion at
Gold Hill and 100 km eastwards in the
Oquirrh Mountains region is shown by
the model to have originated in an
Archean upper crustal environment
(determined u =23§U/204Pb ~ 12) from
2.7 b.y. to 1.65 b.y. ago. Subsequently,
this lead was incorporated in 1.65 b.y.
lower crust and subjected to granulite or
higher rank metamorphism (determined u
&~ 4 to 7), and remained there until being
remobilized in the Oligocene by plutonic
activity.

The ore and feldspar lead in the
southern intrusion at Gold Hill, however,
seems to have remained in upper crustal
environments (4 ~12) continuously since
2.7 b.y. ago (e.g., there was no high rank
metamorphism of this material in the Pre-
cambrian) until being remobilized in
Jurassic time. By implication, this must
apply to much of the miogeosynclinal
material of similar lead isotopic composi-
tion found westwards in Nevada.

INTRODUCTION

The purpose of this paper is to ex-
amine the lead and strontium isotopic
characteristics of rocks and ores from the
Gold Hill mining district in west- central
Utah. Supplemental to the study of
isotopic composition, we report some
new radiometric ages that provide insight

lu.s. Geological Survey
Denver Federal Center
Denver, Colorado 80225
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into the timing of igneous activity. The
Gold Hill district lies near the western
edge of the North American craton,
within the transition zone between a
shelf-type sedimentary environment and
the substantially thicker miogeosynclinal
rocks of the Cordilleran geosyncline exist-
ing to the west. The craton in this vicinity
contains the boundary between two
major Precambrian age provinces — a
feature that provides further compli-
cations to the lead isotopic systematics.

It has been apparent for some years
that regional patterns of lead isotopic
composition are exhibited by the rocks
and ores of the western United States
(Doe, 1967; Stacey and others, 1968).
More recently Zartman (1974) has
synthesized the available data and has
delineated the boundaries between several
regions of differing isotopic behavior,
(inset, figure 1). Table 1 summarizes the
geologic and isotopic characteristics of
each region that form the basis of his
classification. Subsequently, Doe and
Zartman (1978) have derived a model to
interpret lead isotopic behavior in terms
of the geochemical cycle of uranium,
thorium and lead in a dynamic evolving
earth. Some of the concepts of that work
will be utilized in our interpretation of
the Gold Hill data.

The Gold Hill mining district was
chosen because available data had indicat-
ed that it occurs in a transition zone
between two important types of lead
behavior. Lead isotope data from the ores
in the Oquirrh Mountains and Tintic min-
ing districts to the east in central Utah
exhibit linear arrays on both the
207 pp/204py and 298pp/204pp
206pp/294pp plots  (Stacey and others,
1968). Immediately to the west of Gold
Hill, ores from White Pine County,
Nevada, show a much more uniform
composition (Rye et al.,, 1974). Thus,
somewhere between these localities the
linear array representing two-stage lead
isotope behavior of Area I degenerates
into an essentially uniform isotopic
composition that is characteristic of Area
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II. Also, because the lead in igneous rocks
and major ore bodies in the Oquirrh
Mountains and Tintic Districts is
distinctly less radiogenic than the
corresponding lead in White Pine County,
Nevada, there must exist a fundamental
difference between the source materials
of these two areas.

Throughout this study we have
relied heavily on published geologic liter-
ature of the area, especially Nolan (1935)
and El-Shatoury and Whelan (1970), to
which the reader is referred. At Gold Hill
the sedimentary rocks, which are predom-
inantly limestones, sandstones, and shale,
have a thickness in excess of 10,000 m
and range in age from Cambrian to
Triassic. They have been strongly deform-
ed in several stages during Late Jurassic
through Late Tertiary times. Nolan
(1935) concluded that it was towards the
end of this period that the sedimentary
rocks were intruded by the quartz mon-
zonite Gold Hill stock.

A wide variety of mineral deposits,
including base and precious metals, beryl-
lium, and tungsten, are associated with
this igneous activity. Post-dating the in-
trusion are a series of Pliocene volcanic
and pyroclastic rocks ranging from
rhyolites to basalts. One of the purposes
of this paper is to investigate further the
relationship between the igneous rocks
and the lead-bearing deposits in this min-
ing district.

REGIONAL GEOLOGY

Throughout much of Utah, the ex-
istence of crystalline Precambrian base-
ment is well established from outcrops in
a, number of basin ranges. These rocks
maintain much of their original Precam-
brian textures essentially free of sub-
sequent recrystallization. In contrast,
little evidence exists to indicate an equiv-
alent preservation of basement structure
under Nevada. Where Precambrian rocks
may exist in Nevada, such as in the Snake







































14

similar material as the Last Chance Stock
with different proportions of radiogenic
lead added from higher levels of the 1650
m.y. basement at the time of mineral-
ization.

In the north at Gold Hill, the feld-
spar lead data is not collinear with that of
the ore lead (see figure 2), and therefore
there can be no direct genetic relationship
between ore and feldspar lead in that
area. However, it is most interesting that
the northern ore lead data do lie on an
extension of the Ogquirrh Mountain
secondary isochron in the 2°”Pb/2°%Pb
vs 2°¢Pb/2°4Pb plot of figure 6. It seems
unlikely that the ultimate source of the
mineralizing fluids was as far away as the
Oquirrh Mountains. More probably the
fluids at Gold Hill were derived from
basement rocks similar in age (= 1650
m.y.) to those of the Oquirrh Mountains
but shallower and nearer to Gold Hill. In-
deed, a basement source different from
and shallower than that for the Oquirrh
Mountains deposits is suggested by the
trend of the northern ddta in the
208PhH/204Ph vs 298 Pb/2° 4 Pb plot in fig-
ure 6. This trend is apparently not col-
linear with that of the Oquirrh Mountains
data. If the least radiogenic sample, that
from the Garrison mine, is assumed to be
of “near source” origin, then our model
would indicate, for the source material,
residence in a more nearly average crustal
environment where 3 = 8.5 during the
period 1650 - 38 m.y. ago.

Moore and Lanphere (1971) meas-
ured the K-Ar age of hydrothermal
biotite at Bingham Canyon mine to be
36.5 m.y., that is, about 2 m.y. after
emplacement of the Last Chance stock. A
similar age could well apply to the de-
posits in the northern part of the Gold
Hill district. Although the lead isotopic
data indicate similar source rocks for the
ores at Gold Hill and at Bingham
Canyon, it should not be assumed that the
existence of a large Bingham Canyon type
deposit is also indicated at Gold Hill. On
the contrary, the comparitively high
206 Ph/2°4Pb values for the ores at Gold
Hill point to the presence of only minor
deposits such as those already found
there. For the use of lead isotopes as a
prospecting tool the reader is referred to
Doe and Stacey (1974).

In order to extend the calculations
to include the thorium-derived isotope,
208Pb, some arbitrary assumptions had
to be made for the multistage model. It
was noted that in the source material for
the southern intrusion at Gold Hill, the
uranium to lead ratio had remained
almost constant during the entire period
from 2700 to 152 m.y. ago - changing
only from 11.7 to 12.1 in u value at 1650

m.y. ago. Therefore, in the computations,
we assumed that the thorium to lead ratio
also remained constant over this period of
time - with the result that for the south-
ern intrustion the 23*2Th/?°*Pb value in
stages 2 and 3 is 50.2. This value is con-
siderably greater than 36.8 as allowed for
in the average orogene, and explains why
the curve for the southern intrusion lies
above the orogene curve on the
208Pp/204 Pbys 2°¢Pb/2°4Pb diagram in
figure 6. The second arbitrary assumption
made was that during the period 2700 to
1650 m.y. ago, the source materials for
all three stocks considered in table 7 had
the same thorium to uranium ratio, and
this is computed to be 4.31.

Strontium isotopes offer us another
means of identifying gross geochemical
characteristics of the precursor material
from which an igneous rock is derived.
The #7 Sr/®¢Sr ratio incorporated into a
magma is a useful index of the source
rock, with higher values indicating longer
residence times in a more differentiated
material. It is not generally possible, how-
ever, to establish for strontium isotopes
time constraints for strontium evolution
at different levels within the crust with
the mathematical sophistication develop-
ed for the lead isotopes. Examination of
the strontium isotopic data for the main
phase of igneous rocks (see table 5 and
figure 3) show initial ® 7 Sr/® ¢ Sr values of
0.709 = 0.001 and 0.715 £ 0.001 for the
southern and northern intrusions, respec-
tively: Several other studies have noted
similar isotopic ratios for plutonic and
volcanic rocks of western Utah and east-
ern Nevada (Scott and others, 1971; Best
and others, 1974; Compton and others,
1977). Such values are appreciably
greater than those attributable to most
mantle rocks, and therefore, support the
hypothesis of a continental source for the
material of igneous rocks in the area.

While a general congensus exists
that ®7 Sr/®¢Sr values higher than about
0.706 are usually diagnostic of an older
underlying sialic crust (Hedge, 1966; Doe,
1968; Armstrong and others, 1977), little
progress has been made toward further
subdividing continental terranes on the
basis of strontium isotopes. Apparently,
the dichotomy between older continental
crust and younger, mantle-dominated
eugeosynclinal environments is a more
fundamental determinant of the
strontium isotopes than any difference
between, for example, upper and lower
crust. Accordingly, the remarkably sharp
change in lead isotopic patterns at the
boundary of Areas I and II is not
obviously reflected in the strontium
isotopes. Both lead and strontium have
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been used successfully, however, to
delineate a boundary between Areas II
and III (Armstrong and others, 1977).

We might have expected that the
southern intrusion--interpreted to have
had the longest upper crustal identity -
would reveal a higher ¥7Sr/%¢Sr ratio
than the northern intrusion. But this ex-
pectation is not borne out by either the
initial isotopic composition or by the
Rb/Sr ratio of the rocks. Although we
have no assurance that this latter ratio
was not changed at the time of magma
generation, the data do suggest that the
northern intrusion may derive from a
higher Rb/Sr source material than the
southern intrusion. This feature can be
used to strengthen our argument for a
northern derivation for the two porphyry
dikes extending into the southern in-
trusion. Such a correlation is strongly
supported both in terms of initial ratio
and Rb/Sr ratio (see table 5 and figure 3).
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WIND TIDES OF THE GREAT SALT LAKE

ABSTRACT

Essential features of hydrographic
and meteorological characteristics of
wind tides on Great Salt Lake are des-
cribed. Three major modes of seiching are
found; and the fundamental mode has a
period of 6.13 hours. The implications of
these forces on the geomorphology of the
lake are also discussed.

INTRODUCTION

In his study of Lake Bonneville,
Gilbert (1890) discussed the importance
of the forces exerted by waves as primary
agents in the shaping of the shores of the
lake. The waves, together with the action
of their currents, eroded, transported,
and deposited shore and bottom materi-
als; waves were and are, largely respon-
sible for the formation of the bars, spits,
and embankments visible today including
the benches that ring Utah’s mountain
valleys. These geological features of the
ancient shores of Lake Bonneville were
clearly recognized by Gilbert.

The present Great Salt Lake (figure
1) is the remnant of Lake Bonneville,
which probably went through more than
10 sizable cycles of rise and fall of lake
level during the past 70,000 to 100,000
years (Morrison, 1966). At its maximum
Lake Bonneville covered about 20,000
square miles and had depths to 1,000
feet. By comparison, the Great Salt Lake
is relatively small and shallow, with 1,500
square miles in area and 35 feet in max-
imum depth. Because of its shallowness
and its small total volume of water mass,
The Great Salt Lake should be more
responsive to wind action than Lake
Bonneville. The resulting wave forces
play an essential role in many present
day problems of Great Salt Lake; the
maintenance of beach facilities against
flooding by waves, the up-keep of the
causeways, the current systems (assoc-
iated with the waves of various sizes)
and the resulting distribution of minerals
in the lake, the possible mixing of brines
in the two-layer South Basin, etc.

"Associate Professor, Department of Civil
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?Graduate Student, Department of Civil
Engineering, University of Utah, Salt Lake
City, Utah 84112

by Anching Lin' and Po Wang*

i DAHO

Great
Salt A wyomiNG
Lake P
«
- U T A H

0ogvHeO0100D

L Figure 1. Index Map

ARIZONA

In an enclosed basin of a moderate
size, such as the Great Salt Lake, the
waves and the associated coastal currents
are the principal forces that shape the
shores of the lake. Unlike basins of a
much larger size, the tidal forces caused
by the gravitational attractions among the
moon, the sun, and the earth, and the
effects of the earth’s rotation may be
ignored in Great Salt Lake. Therefore,
this leaves the wind, possibly accom-
panied by moving pressure centers, as the
primary source of energy that agitates the
lake. The wind generates two kinds of
water waves. These wind-generated water
waves may best be described as: (1) short
waves with each wave cycle lasting from a
few seconds to several minutes, and (2)
long waves with each cycle extending
over hours. In this report we are inter-
ested in various phenomena associated
with the long waves of the lake, referred
herein as wind tides.

In the contemporary Great Salt
Lake, the wave action is now forming a
spit to the west of Antelope Island.
Recent soundings of the lake have re-
vealed its growth, although at a small
enough rate to have escaped the visual
observations. The formation of such a
spit could very well add unexpected and
heavy costs to the industrial operations
that are dependent on the lake. The ad-
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verse results of littoral erosion, the tran-
sportation and redeposition of shore
materials, are constant threats to those
who invest in facilities around the lake.
Three incidents that took place in the
last ten years demonstrate the magni-
tude of the forces involved:

Example 1: In 1965, a test jetty was
begun between Silver Sands and Saltair to
determine the feasibility of using mill tail-
ings from Kennecott Copper Corporation
as road base and dike material (Suekawa,
1970). Among the many findings from
the test, it was learned that the power of
the wave action had been grossly under-
estimated; the rapid erosion of the jetty
hastened the completion of the tests. The
construction of the jetty was completed
in December, 1966, and by May of 1967,
over 600 feet of the jetty had been wiped
out by the wave and currents. The study
concluded that a 20:1 degree side slope
could not withstand the action of the
waves. (It should be noted here that most
of the beaches on the south shore have a
natural slope of less than 200:1).

Example 2: The Syracuse Causeway
which provides the only access road to
Antelope Island State Park was planned
in the early 60’s, when the lake level was
at a low point in its fluctuating cycle and
the lake was generally believed to be dry-
ing up. Since the completion of the cause-
way, however, the lake has been rising.
Because this eventuality was not consid-
ered, the causeway has been severely
damaged several times requiring extensive
and expensive maintenance to keep it
open and the park accessible to the pub-
lic. There is no question that the high
level of the lake caused the flooding and
washed out the causeway, making it nec-
essary to rebuild the road several times;
however, the constant action of the waves
also contributed to the erosion of the un-
protected”embankment even when flood-
ing was not present. The impact of wave
action has not yet been sufficiently deter-
mined to plan maintenance requirements

properly.

Example 3: Regular maintenance of
the Southern Pacific Railroad causeway
has been necessary to keep the track
open. The sheer force of the waves may
be illustrated by the fact that the two
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culverts, which were constructed to allow
an exchange between the two basins, are
often plugged by rocks of considerable
size from the fill material of the cause-
way. Just how these are transported
through the culverts has yet to be deter-
mined. Perhaps the most plausible
assumption is to attribute it to “wind
set-up”: the waves and currents caused by
strong wind. As the wind acts on the lake
for a long enough period of time, the lake
surface tends to become tilted, setting up
large differences in the lake level on
either side of the causeway. On a calm
day, the lake level may typically differ by
about 18 inches, with the strongest cur-
rents running about 15 feet per second
through the culvert. When there is a
strong wind, an additional 18 inches in
lake difference is not uncommon; the re-
sultant flushing power of the currents
through the culverts is considerable.
Thus, the transportation of sizable pieces
of rock through the culverts is not un-
likely.

This paper is an expository report
on the nature of wind tides in the South
Basin; for detailed accounts of wind tides
on Great Salt Lake we refer the readers to
Lin (1976) and Wang (1977). The authors
will base their discussion on (1) lake level
records that were collected at Silver
Sands and Promontory Point, (2) the
wind, barometric pressure records, and
radar echoes that were collected at the
Salt Lake Airport, and (3) the data from
the computation of these records.

The turmoil created when a wind
storm strikes the lake, as evidenced by
the short waves, is obvious to even the
most casual observer; yet few people are
aware of the long waves which are caused
by the wind, for these are not readily dis-
cernible. A wind tide normally consists of
wind surge and seiching which are as-
sociated with various species of long
waves and generally involve the move-
ment of the whole water mass. The two
phases of a wind tide should be distin-
guished; ‘“‘surging” denotes the phase
when the wind is effectively acting on the
surface of the lake and “seiching” refers
to the vertical oscillation phase when the
wind is no longer an effective force on
the lake. During surging the wave forms
are complex; however, even among the
complex waves a prevailing, 6-hour oscil-
lation pattern is recognizable. During
seiching, after the wind has dropped, the
wave forms are ‘“‘clean’ and simpler; only
a single component of the long wave then
survives.

Although long waves can reach ex-
ceptional wave heights, it usually takes
about 6.0 hours for one wave to travel
from Silver Sands to Promontory Point

and back to Silver Sands. Since the rate
of oscillation is very slow, it is necessary
to use the records of lake-level fluctu-
ations to identify long waves. From lake
level measurement records as well as from
theoretical calculations, it has been found
that among the various species of long
waves, the one that is most likely to
occur in the Great Salt Lake has a period
of about 6.0 hours. The 6-hour oscillation
period is then used as a criterion to
identify the presence of wind tides.

Referring to the calendar in figure 2
(Lin, 1976), the period of time during
which wind tides occurred on Great Salt
Lake was shaded for the two gaging
stations; the records of the two stations
have been placed alongside each other for
ready comparison. Thus we see that the
oscillation of long waves was observed
simultaneously at the two stations, in-
dicating that the water mass of the lake
was oscillating as a whole. That is, the
whole body of water underwent some
form of sloshing back and forth, com-
pleting a cycle in about 6 hours.

Lake level data indicate that the
months of September and November
appear to be the time favored for major
wind tides to take place. One major
episode of wind tide is to be expected for
each of these months. This indicates that
the occurrence of wind tides is somewhat
seasonal and that they are closely related
to the frontal weather activities in the
area.

METEOROLOGICAL ASPECTS
OF WIND TIDES

Many facilities, both private and
public, around the lake collect meteoro-
logical data. Only the records that are
made at the Salt Lake City Airport are
comprehensive enough to be readily
usable and were extensively used in this
study. The meteorological tower recently
erected on the lake by the UGMS should
produce very useful information in the
future, but data available from the tower
at this time are still too limited.

Two types of meteorological data
are used for this study. (1) ground-level
records of wind speeds and barometric
pressures and (2) radar echoes. The air-
port makes a continuous record of radar
echoes on an hourly basis for the Inter-
mountain Area. These echoes register the
atmospheric conditions at elevations
between 20,000 to 35,000 feet; they
offer good indications of the general
direction and the speed of movement of
storms. The ground-level wind and baro-
metric condition data relates the forces
that are directly responsible for the for-
mation of wind tides and are therefore
most pertinent in this wind tide study.
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Twenty five episodes of wind tides
were selected for study. The authors
traced the histories of these storms from
the records of radar echoes collected by
the U.S. Federal Aviation Administration.
These records indicate that the storms
which are responsible for the major wind
tides usually approach the lake from two
directions: (1) from Tooele Valley, mov-
ing over the lake in a northerly direction,
and (2) from the west of the lake, moving
in an easterly direction over the lake.
These echoes normally dissipate as they
move across the Wasatch Front and re-
form in new storm cells after they have
lifted over the mountains.

To determine if movement of
pressure systems alone contributes to
wind tides, the movement of a storm
system was studied. If a low pressure
center (such as a squall line), moves
across the surface of the lake at a speed
that is close to the natural speed of wave
propagation on the lake, then resonance
may be triggered. This phenomenon was
reported in Lake Erie by Harris (1955).
With an average depth of 20 feet in the
Great Salt Lake, the speed of wave prop-
agation is about 15 knots (or 25.37 feet
per second).

Radar records show that it is pos-
sible that the squall lines which are associ-
ated with some of the observed wind
tides may move with a speed that is close
to 15 knots, and thus just this movement
of pressure center alone, without wind
action, could create high levels of surge.
Unfortunately, it is not possible to make
enough pressure measurements at various
points around the lake to monitor the
ground level speed of the low-pressure
lines as they advance. While the move-
ment of a pressure center may be an im-
portant factor in a wind tide, it is prob-
ably more incidental than a fundamental
requirement; in the case of Great Lakes
only three episodes were found in a
decade (Harris, 1955).

A southerly wind appears, as a gen-
eral rule, to be associated with a wind
tide on the lake. Most of the wind tides
were generated by a southerly wind; this
appears to be the prevailing storm pattern
in the area and a typical example is given
in figure 3a. From the study of the radar
echoes, it was apparent that all major
wind tides were caused by various forms
of synoptic scale weather systems, includ-
ing winter cyclones, fronts, squalls and
severe thunderstorms. Among all these
possible weather systems, the winter cold
fronts and cyclones are by far the most
frequent causes of major wind tides. It
suffices to note that a front entering the
lake area normally possesses some con-
sistent features; front lines usually



























MANGANESE, MOLYBDENUM AND SELENIUM

IN THE GREAT SALT LAKE

by Paul L. Tayler ', Lynn A. Hutchinson®

ABSTRACT

The behavior of manganese,
molybdenum and selenium in the Great
Salt Lake was investigated. These ele-
ments occur in inflowing streams, both
from natural and industrial origins. The
brines and sediments of the Great Salt
Lake were sampled and analyzed to deter-
mine the disposition of the elements in
the lake. It was found that manganese,
molybdenum and selenium are not con-
centrating in the brines as are other
soluble salts but are being precipitated
into the sediments.

INTRODUCTION

The behavior of copper, zinc, cad-
mium, mercury, lead, and arsenic ions in
Great Salt Lake brines was investigated
during the summer of 1976 and reported
in the spring of 1977 (Tayler,
Hutchinson, and Muir, 1977). To assist in
understanding the behavior of these ele-
ments, pH, specific gravity, temperature,
carbonate, bicarbonate, dissolved oxygen,
and soluble sulfide concentrations were
measured. In general, it was concluded
that heavy metals do not concentrate in
the brines as soluble salts but are pre-
cipitated to the sediments, along with
clays, organics, and carbonates.

Not included in the original investi-
gation but subsequently determined to be
of interest are the elements manganese,
molybdenum and selenium.

Manganese minerals are widely dis-
tributed in the earth’s crust primarily as
oxides, silicates and carbonates. Analyses
of natural streams flowing into the Great
Salt Lake between the years 1970 and
1974 indicate that the average concen-
tration of manganese in the major streams
is about .005 mg/¢. Manganese is impor-
tant in industrial usage as an alloy im-
proving the properties of steels, and
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therefore is widely found associated with
man and his waste materials. Minute
quantities of manganese are also
solubilized in mineral processing such as
copper ore flotation. The C-7 ditch which
drains the Magna industrial area to the
Great Salt Lake contained an average of
175 mg/¢ during the 1970 to 1975
period (Utah State Division of Health
1970-1974).

Molybdenum is a relatively rare but
very useful material. It is alloyed with
steels for high strength and high tempera-
ture uses. It is often found associated
with copper-bearing porphyry ore bodies
and is a significant commercial by-prod-
uct at the Bingham Mine, It is recovered
as molybdenite concentrate during the
flotation of the Bingham Mine ores. Small
amounts may be solubilized during cop-
pre ore flotation and will occur in con-
centrator waste streams. Molybdenum is
not a parameter routinely monitored in
streams flowing into the Great Salt Lake
by the Division of Health of the State of
Utah, and therefore normal concen-
trations in inflowing streams are not avail-
able.

Selenium is also a by-product of
Kennecott Copper mining operations and,
being a transition element, is used for its
photovoltaic and photoconductive prop-
erties. It is recovered in smelting and re-
fining activities and also occurs in in-
dustrial waste streams. Analysis of
streams flowing into the Great Salt Lake
indicates concentrations from .001 to
.003 mg/{ in the streams and .018 mg/¢
in the industrial C-7 ditch (Utah Division
of Health 1970-1974).

To investigate the effect of the nat-
ural and industrial inputs of manganese,
molybdenum, and selenium to the Great
Salt Lake a sampling procedure was devel-
oped which could be coordinated with
the earlier studies on the behavior of
metals in the Great Salt Lake.

PROCEDURE

Nine sampling sites were chosen in
the south arm of the Great Salt Lake. The
sample sites were near the south shore in
the vicinity of industrial and recreational
areas as well as in deeper water near Ante-
lope Island and the Utah Geological and
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Mineral Survey research tower. The sam-
ple station locations are identified in fig-
ure 1.

Samples were taken, with a pump,
near the surface, at an intermediate level
and near the bottom of each sampling
site. Also, sediment samples were ob-
tained at each site (table 1). Due to the
high salt content of the samples, it was
necessary to modify routine analytical
techniques to avoid interference from the
salts. This was done by extracting the
metals of interest from the brine using a
chelating agent as described in the former
article (Tayler, Hutchinson, and Muir,
1977).

The samples were analyzed both for
total and dissolved concentrations of
manganese, molybdenum, and selenium.
For total concentration the sample was
analyzed as received including suspended
materials. For dissolved analyses the sam-
ple was first filtered using a Teflon coarse
filter followed by a 0.45 micron paper
filter. The term “soluble metals” in these
comments is defined as the metals that
pass through the 0.45 micron paper. Sol-
uble metals are, therefore, either phy-
sically dissolved or are contained in sub-
micron particulates that pass through the
filter.

RESULTS

The analytical results for man-
ganese, molybdenum, and selenium both
on the filtered and unfiltered portion of
the samples collected are reported as a
function of depth in table 2.

The presence of a very turbid,
anaerobic, deep brine layer found at sam-
ple stations 1, 3, 7, 8, and 9 is again
noted. This brine layer with an associated
high concentration of hydrogen sulfide

- underlies the bulk of the lake south arm

waters below the 22 foot depth and is
described in great detail in Utah Geology
(Tayler, Hutchinson, and Muir, 1977).

The average concentration of man-
ganese, molybdenum, and selenium deter-
mined at the five lake depths in this sam-
pling are summarized in table 3. Included
in the table for comparative purposes are


















A PRELIMINARY GEOLOGIC MAP OF THE WILDCAT
CREEK AREA, EASTERN BEAVER COUNTY, UTAH

Although the area around Wildcat
Creek in eastern Beaver County is shown
on the Geologic Map of the State of Utah
(Hintze, 1963) to be comprised of Terti-
ary Sevier River Formation, field investi-
gation has revealed a variety of rock
types, mostly igneous. In view of the geo-
thermal potential near Cove Fort and Sul-
phurdale to the northeast, a geologic map
correcting this discrepancy would be of
vital interest to companies exploring the
geothermal potential of the area. A pre-
liminary geologic map of the Wildcat
Creek area (figure 1) was made in August,
1976, using aerial photos at a scale of
1:36,500. The mapped area lies between
the Mineral Mountains and Interstate 15
and encompasses about 14 x 23 km (8 x
14 miles). It is dominated by a series of
north trending ridges and washes, influ-
enced by Basin and Range block faulting,
and by a line of silicic lava domes. The
following rock types are found:

Granite

Granitic rocks crop out extensively
in the southern part of the area and
extend northward along Maple Flats. The
outcrops form rounded boulders; grus is
widespread and in areas of thick soil
development the presence of granitic
bedrock can be inferred by the granular
consistency of the soil and occasional
round granitic cobbles. Composition
ranges from monzonite to quartz
monzonite. Although rock textures are
generally equigranular and fine to
medium grained, local phenocrysts of
feldspar up to 1 cm long are common.
Alteration is moderate; the feldspar
crystals are milky pink and white; the
quartz phenocrysts appear slightly milky;
and biotite, the predominant mafic
mineral, has been partially oxidized.

Diorite

North of and adjacent to the area
of granitic rocks is an area underlain by
pyroxene diorite. The homogeneity and
small size of this body indicate it could
be a single intrusion. This body has
undergone moderate alteration; the
feldspar crystals are milky white and the
pyroxenes are chloritized.

!Graduate Student, Department of Geology,
Brigham Young University, Provo, Utah
84602
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Rhyolite

Silicic extrusive rocks, predomi-
nately rhyolite, crop out in the northern
part of the area. The presence of a num-
ber of silicic domes, for example Gillies
Hill and Woodtick Hill, indicate individ-
ual eruptive centers. The rhyolite domes
are outlined by a hachure pattern on the
geologic map. Of particular interest is the
association with the rhyolite of secondary
quartz in joints and fractures and sili-
ceous sinter, found along Interstate 15 at
Mud Spring. The rhyolite on Gillies Hill
contains numerous partially resorbed
basaltic xenoliths.

Dacite and Andesite

Intermediate extrusive rocks pre-
dominate in the center of the area. Rock
types include andesite and dacite. Alter-
ation is locally extreme. Large areas of
aphyric felsitic rocks up to hundreds of
meters but generally tens of meters wide
and containing quartz veins and stringers
occur within the andesite and dacite. The
occurrences of felsitic rocks are adjacent
to the rhyolite domes, perhaps indicating
an association with the rhyolite erup-
tions. The contacts of these altered rocks
are highly variable and gradational and
hence were not mapped.

Tuffs

Tuffaceous rocks are localized on
Gillies Hill, apparently a volcanic center
and the highest point in the area. The
tuffs are foliated, poorly indurated and
light tan in color.

Vitrophyre

Two outcrops of vitrophyre lie east
of Gillies Hill. The outcrops are confined
to separate hills in contact with rhyolite
domes and apparently are separate bodies
associated with the rhyolite eruptions.
The vitrophyre is rhyolitic, with pheno-
crysts of quartz and sanidine.

Basalt

Basaltic rocks occur on the north
and west sides of the mapped area. Mor-
phologically the basalts are low-lying,
lobate flows. Separate flows can be dis-
tinguished on the aerial photos as coming
from several vents now covered by cinder
cones, for example Crater Knoll.
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Marble

In the middle of the mapped area
are three small bodies of marble lying
stratigraphically above the surrounding
dacite and andesite. The origin and age of
these bodies is unknown.

Quaternary alluvium

Alluvium, which skirts the area on
practically all sides, can easily be sepa-
rated into older and younger deposits.
Older alluvium has flat erosional surfaces
distinctly above the present drainage
system (such as The Hogback). Younger
alluvium is found in the present drainage
system, predominately Cunningham Wash
and the Wildcat Creek drainage. It
appears that the two distinctly separate
occurrences of alluvium reflect rejuve-
nation due to uplift of the area.

Age of the Rocks

Although definite ages of the rock
types in the area have not been deter-
mined, approximate time relations can be
assigned based upon structural and strati-
graphic relations and by comparing these
rocks with similar units for which the
ages are known.

It is probable that the granite in the
Wildcat Creek area and those in the
Mineral Mountains are roughly of the
same age, if not the same body. Granitic
rocks in the Mineral Mountains, cropping
out a mere two kilometers to the west,
have been assigned several ages. Arm-
strong (1970) determined a K-Ar age of
9.2 =+ 0.3 m.y., using biotite. Park (1968)
used biotite and muscovite associated
with beryllium mineralization contempor-
aneous with but slightly later than the
crystallization of the pluton to calculate a
K-Ar age of 15.5 = 1.5 m.y. Stern (in
Whelan, 1970) used zircon to obtain a
lead-alpha age of 10 ¢+ 10 m.y. The high
uncertainty of this last determination is
explained by low lead content of the
sample, near the limit of detection.

While ages derived by the K-Ar meth-
od are much more precise than those de-
rived by other methods, and are pre-
ferred, Ar concentrations record the last
thermal event above 300°C. Waters of
300° ¢ have been found by geothermal
development at Roosevelt Hot Springs
just west of the Mineral Mountains: there-
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Smith, Cook, Peeples - Gravity Study Fumarole Butte Area

APPENDIX
Station Gravity Values

Listed are the station number, its latitude and longitude in degrees and minutes, its elevation in feet, and its free-air
and simple Bouguer gravity anomaly values in milligals. Stations obtained from three different surveys are listed. The
prefix FB- in the station number denotes those stations occupied in the field by T. B. Smith. The prefixes F1- and F2-
designate those stations occupied by the University of Utah gravity class of 1973-1974. The prefix 72- denotes those
stations occupied by the University of Utah gravity class of 1971-1972. The word “KEG” refers to the Keg Mountains
Base Station. The question mark following the simple Bouguer anomaly value at several stations indicates that the
accuracy of the value is questionable, and therefore that value was not used in compiling the simple Bouguer gravity
anomaly map (figure 5).

STATION LATITUDE LONGITUDE ELEV FREE SIMpLE

NUMBER DEG MIN DEG MIN (FEET) AIR BOUGUER
Fb 2 39 32,08 112 47,43 4sb77, =12.97 -103,86
FB 3 39 32.59 112 48,28 4592, =11,0° -167,49
Fb & 39 33,15 112 49,13 4616, -9,80 =-167,02
FB S 39 33.75 112 49,92 4651, «11.17 -16g8,90
Fb 6 39 34,41 112 50,70 4660, =13.62 -172,34
Fb 7 39 34,98 112 51,46 4677, =14,17 173,47
Fb 8 39 35,45 112 52.52 4709, =15,19 -174,58
Fo 9 39 35,70 112 51.15% 4707, =14,77 -175,09

Fb 10 39 35,87 112 53,55 4745, =16.85 =17a,46
Fo 11 39 36,22 112 S4.44 4778, =17,7% =180,49
Fis 12 39 36,70 112 55,52 4816, =16,44 ~1H8Q,48
FB 13 39 37,13 112 56,50 4875, =13,72 =179,77
Fis 14 39 37,52 112 57,42 4932, =9,84 =177,82
Fb 15 39 37,93 112 58,47 4964, =13,02 =182,09
Fb 16 39 38,41 112 59,50 5026, =15,08 =183,23
Fb 17 39 30,79 112 47,04 4564, =16,41 =171,86
Fb 18 39 31,41 112 46,39  uSe4, =15,42 =1/,87
Fb 19 39 31,10 112 45,86 4560, =16,77 =17,,09
Fis 20 39 30,59 112 44,98 4560, -18,98 =174,29
Fb 21 39 30,53 112 43,53 4562, <=20,22 =175,60
Fb 22 39 30,53 112 42,34 4561, =21,96 =177,31
Fb 23 39 30,53 112 41,18 4571, =~23,33 -179,01
FB 24 39 31,40 112 41,18 4571, «21.,16 =174,85
Fo 25 39 32,28 112 41,18 4573, =-19,46 =175,21
FB 26 39 33,1% 112 41,18 4576, =17,22 =173,08
FB 27 39 33,91 112 41,61 4576, =~15,44 =171,30
Fb 28 39 34,46 112 41.18 4576, =12,64 =16g,49
FB 29 39 34,90 112 41,18 4578, =10,80 =164,73
FB 30 39 35,76 112 41,18 4577, =10,64 =164,53
Fo 31 39 35,92 112 41,92 4582, -9,31 -16y5,37
Fb 32 39 32,34 112 46,47 4572, =12,7% =16g,u48
Fb 33 39 33,17 112 46,49 4575, =12,37 =168,20
Fb 34 39 33,86 112 46,09 4587, «13,66 =169,90
FB 35 39 34,45 112 45,50 4579, «=13,96 =169,92
F5 36 39 35,11 112 44,48 4583, =9,52 =165,62
Fb 37 39 35,94 112 43,92 4597, =4,67 =167,24
FB 38 39 36,65 112 43,85 4623, ~1,43 =153,89
FB 39 39 36,91 112 43,68 u6le, =2,02 =159.2u
Fo 40 39 37,39 112 43,45 4599, =5,07 =163,71
FB 41 39 38,07 112 43,80 4596, ~4,58 =161,12
FB 42 39 38,67 112 44,11 4586, -3,99 =160,19
FB 43 39 39,28 112 44,40 4594, =3,83 =160,30
FL 44 39 40,00 112 44,60 4586, =6,67 =162,87
FB 45 39 40,74 112 44,66 4597, =8,20 =1&64,77
FB 46 39 41,42 112 44,82 4608, =11,03 =167,98
Fb 47 39 30,51 112 40,02 4576, =24,82 =18(,67
Fb 48 39 30,53 112 38,91 4587, =24,87 =-181,10
Fs 49 39 31,42 112 38,91 4592, =22,76 =17g,le
Fo 90 39 32,17 112 38,43 4596, =21,18 =177,72
Fu 51 39'30,76 112 38,92 4588, =24,33 «183,60
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Unit

50.

49.
48.

47.

46.

45.

44.

43.

42.

41.

40.

39.

38.

37.

36.

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding. ledge

former

Coveredslope . . ......... ... ...
Sandstone, light olive gray, weathers grayish
orange, fine~ to medium-grained, calcareous,

massive, cross-bedded, convolute bedding, ledge
fOIMEr « « « v v v v e e e e e e e e e e e e e

Shale, medium gray, weathers light gray, calcar-
eous, interbedded in about equal proportion with
sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin- to thick -
bedded, cross-bedded, wavy bedding, irregular
slope former. . .. ... ... . e

Sandstone, light olive gray, weathers grayish
orange, fine- to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former............... e e e

Shale, medium gray, weathers light gray, calcare-
ous, with some interbeds of siltstone and sand-
stone, light olive gray, weathers grayish orange,

fine-grained, calcareous, thin- to thick-bedded,
slope former ... ... e e e e e e e e e
Sandstone, light olive gray, weathers grayish

orange, fine to medium-grained, calcareous.
massive, cross-bedded, convolute bedding, ledge

former

Shale, medium gray, weathers light gray, cal-
careous, slope former - . . . .. ... ... L.

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former

Shale, medium gray, weathers light gray, cal-
careous slope former. . .. ... ..............

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge
former

Sandstone light olive gray, weathers grayish
orange, fine-grained calcareous, thin to medium—
bedded, cross-bedded, interbedded with siltstone,
and shale, medium gray, weathers light gray, cal-
careous, ledge former. . .. ... ... ... .. .. ...

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former. . ... ... ...

Shale, medium gray, weathers light gray, cal-
careous, interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, fine—
grained, calcareous, thin to thick-bedded, irregular
slopeformer. .. .......... ... .. ... ... .

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to medium-
bedded, cross-bedded, wavy bedding, intermittant
ledge former. .. .. ... i i ittt i in ..

Meters

19.9

Unit

35.

34.

32.

31.

30.

29.

28.

217,

26.

25.
24,

23.

22.
21.

20

19.

18.

17.
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Shale, medium gray, weathers light gray, cal-
careous, interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, fine-
grained, calcareous, thinto medium-bedded,
cross-bedded, wavy bedding, irregular slope former

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, thin—
to medium-bedded, cross-bedded, wavy bedding,
irregular slope former . . . ... ... .. ... .. ...

Sandstone, light olive gray, weathers grayish
orange, fine-grained calcareous, medium to thick—
bedded, interbedded with siltstone, and shale,
medium gray, weathers light gray, calcareous,
ledge former . ... ... ... ... o

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

fOIMEr « v« v o v v vt et i e e e e e e

Shale, medium gray, weathers light gray, calcare-
ous, interbedded with siltstone and sandstone, light
olive gray, weathers grayish orange, fine-grained,
calcareous, thin to thick-bedded, cross-bedded,
wavy bedding, irregular, slope former ...... ...

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, ledge former. .- ... .. ..

Shale, medium gray, weathers light gray,
careous, slope former . . ... ...............

Sandstone, light olive gray, fine to medium—
grained, calcareous, weathers grayish orange
massive, cross-bedded, convolute bedding, ledee

former . .... ... ... ...

Shale, medium gray, weathers light gray, cal-

careous, slope former

Coal, mostly vitrain weathered dull, minor resin,

Shale, black, carbonaceous, fissile. . . ... ......

Shale, medium gray, weathers light gray, cal-
careous, interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, fine-
grained, calcareous, thin to thick-bedded, cross—
bedded, wavy bedding, irregular, slope former . ..

Coal, durain with vitrain bands and vitrain
resin, cleated (?) . . . .. ... ... ... ... ...

Shale, dark gray, carbonaceous, slope former . . . .

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, mas-
sive, cross-bedded, convolute bedding, ledge former

Shale, medium gray, carbonaceous; coaly frag-

ments; carbonized plant fossils; fissile

Shale, light olive gray, weathers grayish orange,

slightly silty, calcareous, thin-bedded, wavy
bedding, carbonized plant imprints . . .. .......
Shale, black, highly carbonaceous, fissile . . .. ...
Sandstone, light olive gray, weathers grayish

orange, fine-grained, calcareous, thin to medium—
bedded, cross-bedded, wavy bedding, interbedded

Meters

14.9

7.0

8.2

4.6

34.7

5.4

6.4

1.1

0.7
0.1

11.8

4.7
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Unit

16.

15.
14.

13.
12.
11.

10.

23.

22.

21.

with siltstone, and shale, medium gray, weathers
light gray, calcareous, irregular slope former . . . ..

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, iron
oxide flecks, massive, cross-bedded, convolute
bedding, ledge former ...................

Coal, vitrain weathered dull, resin, cleated? .. ...

Shale, medium gray, weathers light gray, cal-
careous, with interbedded siltstone and sandstone,
light olive gray, weathers grayish orange, fine-
grained, calcareous, thin to thick-bedded, cross-
bedded, wavy bedding, irregular slope former. . . .

Coal, mostly vitrain weathered dull, resin, cleated?
Shale, black, carbonaceous, coaly fragments, fissile

Shale, medium gray, weathers light gray, cal-
careous, with sandy lenses, slope former . ... ...

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former

Coal, vitrain, weathered dull, resin, cleated?
minor splits of shale near top.................

Shale, medium to dark gray, calcareous, slope

former

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to medium-
bedded, wavy bedding, cross-bedded, ledge former

Shale, medium gray, weathers light gray, cal-
careous, slope former . .. .. ... ............

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thir to medium-
bedded, cross-bedded, wavy bedding, ledge former

Shale, medium gray, weathers light gray, cal-
careous, slope former . . .. ... .............

Coal, durain and vitrain, resin, cleated?, woody
fragments .. ... ... ... ... ...

Shale, medium gray, weathers light gray, cal-
careous, slope former . . . .. ...............

Star Point Sandstone Not Measured

Measured Section No. 3 Section of Blackhawk
Formation measured in the SW 1/4 section 18, T.
18 S., R. 7 E.

Castlegate Sandstone
Blackhawk Formation

Shale, medium gray, with light yellow iron oxide
staining, calcareous, vitrain bands, coaly fragments

Shale, medium gray, weathers light gray, cal-
careous, with interbeds of sandstone, light olive
gray, weathers grayish orange, calcareous, slope

former ... .. ... ... . L ..

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, convolute bedding, massive, ledge former

Meters

15.4
1.5

0.6

2.8

3.8

0.4

0.2

0.9

0.2

0.3

0.9

289.3

2.1

9.8

Unit

20.

19.

18.

17.

16.

15.

14.

13.

12.

11.

10.

Meters

Shale, medium gray, weathers light gray,
calcareous, interbedded with siltstone and sand-
stone, light olive gray, weather grayish orange,
fine to medium-grained, calcareous, some cross—
bedding, sandstones are not continuous and are
probably lenticular, slope and irregular slope former 42.6

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, convolute bedding, massive, ledge former 13.7

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
medium to thick-bedded with up to .3 M thick
interbeds of shale, medium gray, calcareous
minor coal and shale, black, carbonaceous, ledge

FOPMEr = = = & & * * * s s+ v o v et oo oot on oo

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross-
bedded, convolute bedding, longitudinal ripples on
bottom surface of sandstone, ledge symmetrical,
wave length about 30 to 45 centimeters, ledge for-
mer........ e e e e 21.3

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to medium--
bedded, cross-bedded, wavy bedding, interbedded
with shale, medium gray, weathers light gray, cal-
careous, slope former . ... ................ 16.6

Shale, medium gray, weathers light gray, cal-
careous, slope former . .. ................. 4.6

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, massive, grades laterally in places to
thinner bedded sandstone with shale interbeds,
where this occurs the transition happens over a
distance of 20 to 40 meters, ledge former ... ... 21.2

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, wavy bedding,
cross-bedded, interbedded with siltstone, and
shale, medium gray, weathers light gray, cal-
careous, .3 M shale, black, carbonaceous, vitrain
bands and inclusions, irregular slope former .. ... 7.6

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
bimodal cross-bedding, convolute bedding, ledge

Y5 11 P 2.6

Shale, black, carbonaceous, coaly, resin in-
clusions, fissile . . . . .. .. .. ... ... Lo . 0.3

Shale, medium gray, weathers light gray, cal-
careous, interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, fine-
grained, calcareous, thinto medium-bedded, wavy
bedding, cross-bedded, irregular slope former . ... 19.8

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross~
bedded, thin to thick-bedded, lenticular, with
interbeds of siltstone and shale, medium gray, cal-
careous, irregular slope former . . ............ 4.3

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, cross-bedded,
medium-bedded, ripple marks, minor shale interbeds 3.3

Shale, medium gray, weathers light gray, calcare-
ous, slope former ................ e 5.8

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross=
bedded, convolute bedding, massive becoming
thin-bedded at the top, ledge former . . ........ 8.5

69
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Unit Meters Unit Meters
5. Partially covered slope; shale, medium gray, 20 . X .
weathers light gray, calcareous, interbedded with ’ Sandston_e, light O,hve gray, weathers gra}'lsh
siltstone and sandstone, light olive gray, weathers orange, fine to medium-grained, calcareous, iron
grayish orange, fine-grained, cross-bedded, thin to oxide flecks, cross-bedded, convolute bedding,
thick-bedded, .9 M sandstone .9 M above base of massive, ledge former . .. .. ... ... ... ... . 7.6
unit, .6 M sandstone 4 M above base, .9 M sand- R .
stone 8.8 M above base, 1.2 M sandstone 19.8 M 19.  Shale, medium gray, weathers light gray, cal-
above base, irregular slope former . . .......... 26.0 careous; interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, cal-
4. Coal, vitrain weathered dull, resin, cleated, slope careous, wavy bedding, cross-bedded, thin-to
thick-bedded, slope former, 1.5 M sandstone,
former | . . . . . . @ e e e e e e 1.0 weathers dark moderate red, fine-to mediume
grained 6.5 M above base of unit .. .......... 22.8
3. Shale, dusky yellowish brown, carbonaceous. . . .
coaly fragments fissile, slope former . ......... 0.3 18.  Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous, highly
2. Shale, medium gray, weathers light gray, cal- cross-bedded, thick-bedded to massive, appears
careous, slope former . . . . ................ 1.8 lenticular, ledge former - . . ................ 5.5
1. Star Point Sandstone, 2 or 3 minor discontinuous 17. Sandstone, light olive gray, weathers grayish
coal beds were noted across the wash near the orange, fine-grained, calcareous, cross-bedded,
top of the Star Point. Not Measured thin to thick-bedded; interbedded with siltstone,
and shale, medium gray, weathers light gray, cal-
Total 2313 careous, irregular slope former .. ........... 11.3
otal « « o o e e e e e e e e v e e e A
16. Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, cross-bedded,
highly convolute bedding, thin to thick-bedded,
Measured section No. 4. Section of the Black- ledge former .................. ... 3.5
hawk Formation measured in the SW 1/4 section . .
21, T. 18 S.,, R. 7 E. 15. Shale, medium gray, weathers light gray, cal-
careous; interbedded with siltstone, and sand-
Castlegate Sandstone stone, light olive gray, weathers grayish orange,
calcareous, cross-bedded, wavy bedding, thin to
Blackhawk Formation thick-bedded, slope former . . ... ........... 9.1
29. Shale, medium gray, weathers light gray, cal- 14. Sandstone, light olive gray, weathers grayish
careous, slope former . .. ... ............. 11.0 orange, fine to medium-grained, calcareous, iron
oxide flecks, cross-bedded, convolute bedding,
28. Sandstone, light olive gray, weathers grayish massive, lenticular, ledge former ... ......... L.e
orange, fine to medium-grained, calcareous, iron . . . .
oxide flecks, cross-bedded, convolute bedding, 13 Shale, n}ednum gray, :wea.thers light gray, cal-
massive, lenticular, intermittent ledge former . ... 3.1 careous, interbedded with siltstone and sandstone,
’ ’ light olive gray, weathers moderate reddish
. . brown fine- grained, calcareous, cross-bedded
! al- ’ > J Sous . ’
27. S::Lg;s nslf:;znt}orf;g‘ weathers light gray, cal 9.1 convolute bedding, thin to thick-bedded, irregular
PEEE A s ) slope former, .3 M sandstone 7.3 M above base of
726. Sandstone light olive gray, weathers grayish ;‘;:Est-zeMlssagds&onebolv(l.sbl\;Ie ab(s)veMba;Zi,dé?O;\g
orange, fine to medium-grained, calcareous, cross— 19.5 l\(/)l above. base a6 M sanadst)or.le 21.2 M above
bedded, convolute bedding, thir-to thick-bedded, ba;e e .
ledge FOrMEr . . » » v o o osvooeeee e e 98 base ...l e .. 25.1
. . . 12. Sandstone, light olive gray, weathers moderate
Sandstone, light olive ay, eathers grayish . " ’ " .
- orange ﬁne-ggrained caglzaileo:s/ cross-bged()iled reddish brown to graylsh. orange, fine-grained, ‘cal-
wavy bédding thin to’ thick-beddéd' interbedde(i careous, cross-bedded, highly convolute bedding,
with siltstone’ and shale. medium g;'ay weathers thin to thick-bedded, lenticular, minor shale inter-
light gray, calcareous, irregular slope former . ... 11.4 beds, ledge former. . .........ovven 2.3
24. Sandstone, light olive gray, weathers grayish 1. f:rils;ls rsl}zd??:)”ﬁgy’ weathers light gray, cal- 2.3
orange, fine-grained, calcareous, iron oxide flecks, Pe TOFMEr « v v v v e e e e .
cross-bedded, convolute bedding, ive t . . .
medium-bedded mino:) :h:le inte:‘aids mszscl(w)/re‘w(; 10. Sandstone, light olive gray, weathers grayish orange
" . > N ; N to moderate reddish brown, fine- to medium-
finer grained and thinner bedded and contains . !
more shale toward top of unit, ledge former 6.7 grained, calcareous, laminated, cross-bedded, con-
’ T : volute bedding, medium-bedded to massive; minor
23, Shale, medium gray, weathers light gray. cal- shale interbeds. base covered and irregular, ledge
careous, slope former . .. ................ 16.2 former..........ia 5.5
57, Sandstone, light olive gray, weathers grayish 9. %hale, medium gray, weathers light gray, cal-
orange, fineto medium-grained, calcareous, iron careous, slope former . . . . . ... ... Lo ... 3.3
oxide flecks, cross-bedded, convolute bedding . .
massive, ledge fOTmMeEr - -« « «« + « v v v v e on ... 14.7 8. Sandstone, light olive gray, weathers moderate
reddish brown, fine-grained, calcareous, wavy
21 Mostly covered slope; shale, medium gray, bedding, cross-bedded, thin to medium-bedded,
weathers light gray calcareous, with interbeds of with interbeds of shale, medium gray, weathers
siltstone and sandstone, light olive gray, weathers light gray, calcareous, ledge former. ... ....... L5
grayish orange, fine-grained, calcareous, wavy . . .
bedding, cross-bedded, thin-to thick-bedded, 2.4 7. Shale, medium gray, weathers light gray, cal-
M sandstone, thin-bedded, highly convolute 12.2 careous, interbedded with siltstone and sandstpne,
M above base of unit, slope former ... ... .... 21.1 light olive gray, weathers grayish orange, fine—

grained, calcareous, wavy bedding, cross-bedded,
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Unit

“w
W

34.

33.

32.

31.

30.

29.

27.

26.

25.
24,

Meters

thin to medium-bedded; and minor shale, black,
carbonaceous, fissile, slope former. . ... ... ... .

Coal, vitrain and durain, weathered dull, minor
resin, cleated? . . .... .. ... . ... .. ... . ...

Sandstone, light olive gray, weathers same, fine to
medium-grained, calcareous, wavy bedding, cross—
bedded, thin to medium-bedded; with some shale
interbeds, irregular ledge former . . . . ... ... ...

Shale, medium gray,
careous, slope former

weathers light gray, cal-

Shale, black, carbonaceous, vitrain bands, coaly
fragments, wood fragments, crumbly, slope former

Shale, dark to medium gray, weathers light gray,
calcareous, slightly carbonaceous, slope former

Star Point Sandstone. Not Measured

Total v v v e e e e e e e e e .,

Measured Section No. 5. Section of the Black-
hawk Formation measured in the NW 1/4 section
33, T.18 S.,, R. 7 E

Castlegate Sandstone, base covered and irregular
Blackhawk Formation

Shale, light to medium gray, weathers light gray,
calcareous, fissile, slope former ... ..........
Sandstone, light olive gray, weathers grayish
orange, medium to fine-grained, calcareous, highly
cross-bedded, massive, ledge former. . . . .. .. ...

Shale, medium to light gray, weathers light gray,
calcareous, slope former .. ................

Sandstone, light olive gray, weathers grayish
orange, medium-grained, calcareous, highly cross—
bedded, massive, ledge former .. ... .........
Shale, medium gray, weathers light gray, cal-
careous, slope former . .. ... .............

Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous, cross -
bedded, massive to medium-bedded, ledge former

Covered slope . ... ....... . 0.
Sandstone, light olive gray, weathers grayish
orange, fine-grained, convolute bedding, easily

eroded, irregular slope former. ... ... .......

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous. cross-
bedded, massive, ledge former . ......... ..
Covered slope .. ... ... .0

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, highly
cross-bedded, base highly irregular and difficult to
define, ledge former. . .. .................

Covered slope

Sandstone, light olive gray, weathers grayish
orange, calcareous, cross-bedded, massive, ledge
former............. ... .

0.3

0.3

1.5

232.3

1.8

2.4

4.6

1.5

4.9

10.7

6.0

Unit

23.

22.

21.

20.

19.
18.

17.

16.

15.

14.

13.

12.

11.

10.

Meters

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, medium-bedded;
interbedded with siltstone and shale, medium
gray, weathers light gray, calcareous, irregular
slope former . . . .. .. ... .. L i ..

Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous, highly
cross-bedded, convolute bedding, massive, len-
ticular, channels? ledge former .. ...........

Shale, medium gray, weathers light gray, cal-
careous; interbedded with siltstone and sandstone,
weathers grayish orange, fine-grained, calcareous,
slope former . . ... ..o e

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, cross-bedded,
convolute bedding, ledge former . .. .. ... .....

Coal, vitrain, weathered dull, resin, cleated? ., ...

Shale, medium gray, weathers light gray, cal-
careous, with interbedded sandstone, weathers
grayish orange, fine-grained, calcareous. cross—
bedded, medium-bedded, slope former. ... .. ..

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, cross-bedded,
medium-bedded; interbedded with siltstone, and
shale, medium gray, weathers light gray, cal-
careous, forms stair-step slope . .............

Shale, medium gray, weathers light gray, cal-
careous; interbedded with siltstone and sandstone,
weathers grayish orange, fine-grained, calcareous,
very poorly exposed and highly weathered, slope

former

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, medi-
um-bedded, ledge former. . . ... .. ... ... ... ...

Shale, light to medium gray, weathers light gray,
calcareous, weathers readily; interbedded with
siltstone and sandstone, weathers grayish orange,
very fine-grained, poorly exposed, irregular slope
former, .1 M coal 15.8 M above base of unit

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, convolute bedding, massive ledge former .

Coveredslope . ... ... ... ... ...........
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, ledge former

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-bedded;
interbedded with shale, siltstone and carbona-
ceous shale, mostly slope former

Coveredslope . ... .....................

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous cross--
bedded, massive to thin-bedded, some interbeds
of shale, forms ledges and slope . .. ..........

Coal, vitrain, weathered dull, resin, cleated? slope
former

Covered slope

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous,small scale cross-

8.6

4.5

4.3

20.2

18.9

4.9

bedding, massive- to medium-bedded, ledge former 4.1

71
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Unit

62.

61.

60.
59.

58.

57.

56.

55.

54.

53.

52.

S1.

50.

METERS

Coal, vitrain?, dulled by weathering, looks almost

like durain, zones of high resin content, cleated?. . . 2.0
Siltstone, yellowish brown, shaly, slope former. .. . 1.8
Shale, black, carbonaceous, fissile, coaly frag-
ments, slope former . . .. ... ... ... ... ... 1.2
Star Point Sandstone, Not Measured i
Total . .. ... i e 209.7
Measured Section No. 6. Section of the Black-
hawk Formation measured in the NW 1/4 section

4, T. 19S., R. 7 E.

Castlegate Sandstone

Blackhawk Formation

Shale, medium gray, weathers light gray calcar-
eous; top .1 M is coal in irregular bands, slope

07 3 117 O 7.6
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, -calcareous,
massive, cross-bedded, friable, bottom .1 M con-

tains coal, mostly durain, minor resin in stringers

and pockets, top .5 M contains secondary
gypsum, ledge former . . ... ... ... ... ... .. 8.0
Coveredslope . ... ..o v it i 6.4
Sandstone, light olive gray, weathers grayish
orange, medium-grained, calcareous, salt and
pepper grains, iron oxide flecks, bimodal cross—
bedding, continuous laterally, ledge former. . . . . . 2.0
Shale, medium gray, weathers light gray, calcar-
eous, slope former . . . ... ... ... L. .3
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former .. ....... ... .. ... 8.3
Shale, medium gray, weathers light gray, calcar-
eous; with interbeds of shale, black carbonaceous,
slope former . .. .. ... ... ... .. ... ... 9.1
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, med-

ium to very thick-bedded, very lenticular - the
lenses appear almost to be interwoven, cross—
bedded, convolute bedding; with very minor shale
interbeds, ledge former. . ... ............... 5.2
Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to thick—
bedded, cross-bedded; interbedded with siltstone

and shale, medium gray, weathers light gray, cal-
careous, irregular slope former . . .. ... ....... 2.3
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross-
bedded, convolute bedding, ledge former. ... ... 1.5
Coveredslope . .. ........... ... ...... 4.0
Sandstone, light olive gray, weathers grayish
orange, fine io medium-grained, calcareous,
massive. cross-bedded, convolute bedding, ledge
FOTMEr « ¢+ v+ o v 6 6 v et e e e e e e e e e e et e e e 4.8
Covered slope . ... ... ... e e e e e e e e e e 6.4

Unit

49,

48.

47.

46.
45.

44.
43.

42.
41.
40.

39.

38.

37.
36.

35.

34.

33.

32.

31.
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METERS

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, becomes finer
toward the top, calcareous, massive, becomes
thinner bedded toward the top, cross-bedded,
convolute bedding, ledge former. . ... .. ... ...

Shale, medium gray, weathers light gray, calcar-
eous, slope former .. ... ............ . ...,
Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, medium to thicke
bedded, cross-bedded, ledge former . .. ... ... ..
Coveredslope . ........................
Sandstone, light olive gray, weathers reddish
brown to grayish orange, fine to medium-grained,
calcareous, iron oxide flecks, medium to thick—
bedded, cross-bedded, ledge former ... ........

Covered slope .. . ... .ivie
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former

Coal, mostly vitrain, weathered dull, resin, cleated .
Shale, dark gray, carbonaceous . . ............

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thinto thick-
bedded, cross-bedded, wavy bedding; interbedded
with siltstone and shale, medium gray, weathers
light gray, calcareous, irregular slope former . . . . .

Shale, medium gray, weathers light gray, calcar
eous, slope former ... ........ ... .......

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, ledge

former . . . . o i h e e e e e

Covered slope

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, highly lenticular, grades laterally into
massive and thicker sandstone to the south, ledge
former

black,

Shale, carbonaceous,

pockets

coaly fragments in

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-bedded.
platy; with shale interbeds, irregular slope former

Shale, medium gray, weathers light gray, calcare--
ous, slope former

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross-
bedded, convolute bedding, ledge former; inter-
bedded with .1 M shale, medium gray, weathers
light gray, calcareous, 1.1 M above base of unit. . . . .

Covered slope

8.3

1.2

14.8
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Unit

30.

29.

28.

217.
26.

285.

24.
23.

22.

21.

20.

19.
18.

17.

16.

1s.
14.

13.

Meters

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-to medium-—
bedded, wavy bedding, small scale cross-bedding,
ripples, minor convolute bedding; minor shale
interbeds. This unit grades laterally into massive
sandstone channel that was observed on other
side of canyon at same stratigraphic position. . . . . 7.6

Shale, medium gray, weathers light gray, calcar-
eous, slope former. . . ... ... ... ... ....... 1.5

Shale, black, carbonaceous, coaly bands, resin
inclusions, fissile, slope former . ............ ... 2

Coal, mostly vitrian, weathered dull, resin, cleated? . .8

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-bedded, len-
ticular, ledge former ... ........ v, 6

Shale, medium gray, weathers light gray, calcar-
eous, slope former

Coal, mostly vitrain, resin, cleated? ... ........ .. 4

Shale, dusky yellowish brown, carbonaceous,
coaly fragments, fissile, slope former . . .. ... ..... 1

Shale, medium gray, weathers light grav. calcar-
eous, slope former

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thinto thick-
bedded, lenses up to .5 M thick at center within
thinner bedded strata, all are cross-bedded and
have convolute bedding, ripples and ripple drift

noted . . ... ... ... e 1.3

Shale, light to medium gray, weathers grayish
orange, calcareous, fissile, with thin interbeds of
sandstone, slope former

Shale, black, carbonaceous, fissile, slope former . ... .4

Sandstone, light olive gray, weathers grayish
orange, grades laterally into outcrops weathered
medium to dark reddish brown possibly due to
burn, very fine to fine-grained, calcareous, thin to
medium-bedded, cross-bedded, erodes to platy
chips, interbedded with siltstone and shale, med-
ium gray, weathers light gray, calcareous, irregular
slope former, 1.2 M sandstone 9.7 M above base of
unit, 1.5 M sandstone 13.6 M above base, 2.8 M
sandstone 17.7 M above base, .4 M sandstone 22.4

M above base, .1 M sandstone 24.5 M above base. 26.7

Sandstone, weathers dark reddish brown,

fine-grained, calcareous, cross-bedded, minor con-
volute bedding, lenticular, ledge former

Sandstone, very pale orange, weathers grayish
orange, becomes weathered dark reddish brown
upwards, very fineto fine-grained, calcareous,
medium-to thick-bedded becoming thinner
bedded toward the top, breaks with conchoidal
fracture; interbedded limestone, very pale orange,
weathers grayish orange, micritic, silty; minor
shale interbeds; unit is a ledge former

Covered slope

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, ledge former . ... ... .. .. 3.3

Covered slope . .« . v oo v i i i i e 10.7

Unit

12.

11.

10.

93.
92.

91.
90.

89.
88.

Meters

Sandstone, light olive gray, weathers grayish
orange, fine (o very fine-grained, calcareous, thin—
bedded; interbedded with siltstone and shale,
medium gray, weathers light gray, calcareous,
slope former . . . ... ... ... L.

Shale, medium gray, weathers light gray, calcar-
eous; slope former , . . . .. ... ... ... ... ... ..

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to medium--
bedded, cross-bedded, convolute bedding; minor
shale interbeds; ledge former . ...............
Shale, medium gray, weathers light gray, calcar-

eous; slope former . . . ... ... ... ... .. .. ...,

Shale, dusky yellowish brown to black, carbon-
aceous, fissile, coaly fragments, slope former . ... ..

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, thick—
bedded; minor shale interbeds; ledge former . ... ..
Shale, medium gray, weathers light gray, calcar-

eous, minor sandstone interbeds; slope former . .. ..

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-bedded,
small scale cross beds, wavy bedding; ledge former . .

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, thin-
ner bedded toward the top, cross-bedded, con-
volute bedding, undulatory lower surface.
possibly linguoid ripples; ledge former. .. ... ... ..

Coal, mostly vitrain, wea*hers dull, resin, minor

Shale, dusky yellowish brown, carbonaceous,
woody fragments . . . ... ... .. e e

Star Point Sandstone, pale yellowish brown,
weathers light gray to white, fine to medium-
grained, calcareous, massive to medium bedding,
ledge former Not Measured

Measured Section No. 7. Section of the Black-
hawk Formation measured in the NW 1/4 section
7, T. 19 S., R. 7 E.

Castlegate Sandstone
Blackhawk Formation

Coveredslope . ... ... ... ... ... ... .. .....
Sandstone, weathers grayish orange to dark
yellowish orange to dusky red, fine-grained, cal-
careous; erodes to platy chips. .. ... ...........

Shale, medium gray, weathers light gray, calcareous

Sandstone, weathers grayish orange to dark
yellowish orange to light brown to dusky red,
fine-grained, calcareous, erodes to platy chips,

laminated

Shale, medium gray, weathers light gray, calcareous . .

Sandstone,
orange,
massive,

light olive gray, weathers grayish
fine to medium-grained, calcareous,
cross-bedded, convolute bedding, iron

oxide flecks . . . v o v i i i i e e e .

2.5

239.4

. 3.6

1.6

1.5

73



74

Unit

87.

86.

8S.
84.

83.

82.

81.
80.

79.

18.

11.

76.

75.

74.

73.

72.
71.

70.
69.

68.

67.
66.

Meters

Shale, medium to light gray, weathers light gray,
calcareous

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, iron
oxide flecks. . -« v v v i i it i e

Shale, black, carbonaceous, vitrain bands, fissile., . . .

Sandstone, weathers grayish orange to moderate
yellowish brown, fine-grained, coarsening slightly
upward, calcareous, thin-bedded, erodes into
platy chips; less platy toward the top of the unit

Covered slope

Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous, cross-

bedded

Covered slope . . ... ..o ittt it

Sandstone, ught olive gray, weathers grayish
orange, fine-grained, calcareous, thin-bedded;
erodes into platy chips that range in color from
dark yellowish orange to light brown to dusky
red that could be iron stainingorburn..........

Shale, medium gray, weathers light gray, calcareous .

Sandstone, light olive gray, weathers grayish
orange fine to medium-grained, calcareous,

massive, crossbedded, convolute bedding . . . . ... .. 12.2

Shale, medium gray, weathers light gray, calcare-
ous, interbedded with sandstone and siltstone,light
olive gray, weathers to a grayish orange, fine—
grained, calcareous, thin to thick-bedded, cross-
bedded, ripples noted .6 meters above base of
unit; also minor shale, black, carbonaceous

Sandstone, light olive gray, weathers to grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding

Shale, dusky yellowish biown, carbonaceous,

vitrain bands . . ... ... L Lo oo
Shale, light to medium gray, weathers light gray,
slightly silty, calcareous, fossil plant imprints . . . ...
Sandstone, light olive gray, weathers oravich
orange, fine-grained, calcareous. -« -+« « « ¢ v oot

Shale, medium gray, weathers light gray, calcareous. .
weathers grayisn

thin-bedded,

Sandstone, light olive gray,
orange, fine-grained, calcareous,
erodes into thin platy chips.

Shale, medium gray, weathers light gray, calcareous

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding . . .. ... ..

Sandstone, light olive gray, weathers grayish
orange, fine-grained, thin-bedded, calcareous,
erodes to platy fragments; interbeds of shale,
medium gray, calcareous . ... ................

Covered slope
Sandstone, light olive gray, w:athers grayish

orange fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding . . .. ... ..

2.5

. 2.7

Unit

65.

64.

63.

62.

61,

60.

59.

58.

57.
56.

55.

54.

53.

52.

S1.

50.

49,
48.

47,
46.

45,
44.
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Meters

Shale, black, silty, carbonaceous, coaly fragments,
vitrain bands .. ......... ... .. ... . ... ...
Sandstone, weathers grayish orange, fine-grained,

calcareous, thin-bedded, laminated . . .. .........

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded, convolute bedding, massive, mostly quartz
grains, ledge former...... ... e e e e

Sandstone, light olive gray, weathers grayish
orange, calcareous, thin-bedded, very fine-grained,
breaks into thin platy fragments; with shale,
medium gray, calcareous. . . .. ... ... ...,

Shale, medium gray, weathers light gray; inter-
bedded with siltstone and sandstone, light olive
gray, weathers grayish orange, fine-grained, calcar-
eous, thin-to medium-bedded . ...............
Sandstone, light olive gray, weathers grayish

orange, fine to medium-grained, calcareous

massive, cross-bedded . . .. ... ... . oL

Shale, medium gray, weathers light gray, calcar-
eous; interbedded with sandstone, light olive gray,
weathers grayish orange, thick-bedded, some
cross-bedded, some with silt or clay lamina - . ... .. 10.5

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross-

bedded « « « - v o i e e e

Sandstone, light olive gray, fine to medium-
grained calcareous; silt or clay lamina. .. ... ... ..

Siltstone, medium to light gray, weathers pale
yellowish orange, calcareous . . ... ............

grayish

Sandstone, light olive gray, weathers
orange, medium-grained, calcareous

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous; interbedded with
siltstone and shale, medium gray, calcareous . ... ..

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, -calcareous,
cross-bedded, medium to thick-bedded; inter-
bedded with siltstone and shale, medium gray,
weathers light gray, calcareous; and a few beds of
shale, black, carbonaceous; ledge former ... ... ...

Shale, ‘black, carbonaceous, vitrain bands, coaly
fragment . . ... .. ... . e

Covered slope - .. .o v v i in it i
Sandstone, light olive gray, weathers grayish

orange, fine-to medium-grained, calcareous, cross-
bedded

Covered slope - ... ...ttt

Shale, black, carbonaceous, vitrain bands, coaly
fragments . . ... .. .. ... 1.1

Shale, dark gray to black, carbonaceous.........

Sandstone, light olive gray, weathers grayish
orange, medium-grained, calcareous . .. .........
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Unit

43.
42,

41.

40.

39.

38.
37.
36.

35,
34.

£,

32.
31.
30.

29.
28.

27.

26.

25.

24.

23,

22.

21.

Meters

Shale, medium gray, weathers light gray, calcareous 0.6

Shale, black, carbonaceous, fissile, crumbly .. ... 1.2

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded; with some shale interbeds .. 8.3

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, thin—
to thick-to massive-bedded; interbedded with silt-
stone, and shale, medium gray, calcareous; and
shale, black to dark brown, carbonaceous, fissile .. 6.7

Shale, dark brown, carbonaceous, woody frag-
ments, crumbly

........................ 0.6
Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous ... ... . 1.5
Shale, medium gray, weathers light gray, calcar-
eous, slope former . ... ... ... 2.7
Sandstone, weathers dark yellowish brown,
fine-grained, calcareous ........... . 0.3
Coal, vitrain and durain, resin, cleated? . ... .. .. 1.0
Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross—
bedded; interbeds of shale, medium gray,
weathers light gray, calcareous . ...... ...... 2.2
Shale, medium gray, weathers light gray, calcar-
eous, fissile; interbedded with siltstone and sand-
stone, light olive gray, weathers grayish orange,
fine- grained, calcareous; and shale, black, carbon-~
ACBOUS . 4 i v v e e a v m e ettt e 1.6
Coal, durain and clarain, resin, cleated? = - - .- .. 0.4

Shale, medium gray, weathers light gray, calcareous 0.6

Shale, black, carbonaceous, very fissile, coaly
fragments, plant fossils and woody fragments . ... 0.5

Shale, medium gray, weathers light gray, calcareous 3.2

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous .. ... 1.8

Shale, medium gray, weathers light gray, calcar-
eous; interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, fine~
grained, calcareous; and shale, dark gray to black,
carbonaceous . . ..o it iii eeeeee 3.7

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-to medium--

bedded - - -« v it e e e e e e i .. 2.6

Shale, dusky vyellowish brown, carbonaceous,
fissile, vitrain bands . ... ................. 0.1

Sandstone, light olive gray, weathers pale
yellowish orange, fine-grained, calcareous, friable,
with thin, black, carbonaceous shale and medium
gray, calcareous shale interbeds ............. 1.2

Shale, medium gray, weathers light gray, calcar-
eous, interbedded with siltstone and sandstone,
light olive gray, weathers grayish orange, fine—
grained, calcareous . ... ... ... ... 1.8

Shale, black, carbonaceous - - - - ... ..... ... 0.4
Sandstone, light olive gray, weathers grayish

orange, fine to medium-grained, calcareous, cross—
bedded, thin to medium beds . . .. ....... ... 4

Unit

20.

19.
18.
17.

16.

15.

14.
13.

12.

11.

10.

37.
36.

Meters

Shale, medium gray, weathers light gray, calcar-
eous; with some interbeds of siltstone and sand-
stone, light olive gray, weathers grayish orange,
fine- grained, calcareous; and shale, black carbona-

CEOUS « ¢« ¢+ & = & 4 s 4 st s e o s v ittt tananan ... 6.4
Shale, black, carbonaceous - - - - . -« oo 0.3
Covered slope - . ... ... it i v 1.9

Sandstone, weathers yellowish brown, fine—
grained, calcareous . . . . . ... Lol c-.. 06

Shale, medium gray, weathers light gray, calcar-
eous, interbedded with sandstone and siltstone,
light olive gray, weathers grayish orange, fine—
grained, calcareous; and shale, black, carbonaceous . 3.3

Shale, black, carbonaceous, very fissile, coaly
fragments, abundant plant and woody fragments- - - 0.5

Covered slope . .. ..« oo ittt 4.1
Shale, black, carbonaceous, fissile, coaly fragments . 0.3
Coveredslope . ......................... 0.9

Sandstone, yellowish brown, weathers grayish
orange, very fine-grained, calcareous, well-cemented. 2.4

Shale, black, carbonaceous, fissile; coaly fragments 0.7
Shale, medium gray, weathers light gray, calcareous 0.3

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross-

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous; interbedded with
siltstone and shale, medium gray, weathers light
gray, calcareous, fissile . . .. ................ 6.4

Shale, medium gray, weathers light gray,
calcareous; interbedded with siitstone and sand-
stone, light olive gray, weathers grayish orange,
fine-grained, calcareous, thin to medium-bedded . .. 2.4

Sandstone, light olive gray, weathers grayish
orange; fine:to medium-grained, calcareous; inter-
bedded with shale, medium gray, calcareous,

fissile; overall thin-bedded ................. 4.1
Sandstone, pale yellowish brown, weathers red-
dish brown, fine-grained, calcareous, thin-bedded .. 0.5

Covered slope -
Coal, mostly vitrain, weathered dull, resin, cleated? 2-8

Star Point Sandstone - Not Measured

Total « e et e 237.7

Measured Section No. 8. Section of the Black-
hawk Formation measured in the NE 1/4 section
12, T. 19 S, R. 6 E.
Castlegate Sandstone

Blackhawk Formation

Coveredslope . . .... .. ... ... 3.8
Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous,
massive, cross-bedded, convolute bedding; ledge

former . . .. .. ... ... ... . 4.6

75



76

Unit

35.

34.

33.

32.
31.

30.

29.

28.

217.

26.

25.

24.

23.

22.

21,

20.

Meters

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to thick -
bedded, cross-bedded, wavy bedding; interbedded
with siltstone and shale, medium gray, weathers
light gray, calcareous; irregular slope former: « - « -

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding; ledge

former . ... ..o i i e e

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin-to medium -
bedded, cross-bedded, convolute bedding, wavy
bedding; minor shale interbeds; grades laterally
into massive sandstone; ledge former. . ... ... ..

Covered slope . . . . . ........ ... [P

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, bimodal cross-bedding up to about 1 M
across with some as much as 2 M; some look
almost festoon; ledge former. .. .. ..........

Shale, medium gray, weathers light gray, calcar-
eous; with interbedded siltstone and sandstone,
light olive gray, weathers grayish orange, fine-.-
grained, calcareous, thin to thick-bedded, wavy
bedding, cross-bedding, slope former..........

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, lentic-
ular,cross-bedded, convolute bedding; ledge former

Shale, medium gray, weathers light gray, calcar-
eous; slope former ., . ... ... .. L L., -

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive. cross-bedded, convolute bedding; ledge

fOrmer . . . .« o i e e e

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, thin -
bedded to massive, highly lenticular, (chan-
nelled?); interbedded with siltstone, and shale,
medium gray, weathers light gray, calcareous; thin
shale, black, carbonaceous, 1.2 M above base;
irregular slope former. . . ... ..............

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, ripple marks on lower sur-
face, convolute bedding; ledge former - . .. .. ...

Shale, dark gray, weathers medium gray, carbona-
ceous, calcareous, carbonized plant fragments and
fossils, woody fragments, fissile , . . . . . ... .. ..
Shale, medium gray, weathers light gray, calcar-
eous; with interbedded sandstone, light olive gray,
weathers grayish orange, fine-grained, calcareous,
thin to thick-bedded, cross-bedding, wavy bed-

4.5

4.3

8.0

2.1

3.4

0.9

ding; slope former « - - - -+ .. o o e 12.2

Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous, cross-
bedded, convolute bedding; ledge former .
Shale, medium gray, weathers light gray, calcar-
eous; with interbeds of siltstone and sandstone,
light olive gray, weathers grayish orange, fine -
grained, calcareous, thin to thick-bedded, cross--
bedded, wavy bedding; slope former - - . ......

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous, cross--
bedded, convolute bedding; ledge former

2.1

1.6

Unit

19.

18.

17.

16.

15.
14.

13.
12.

11.

10.
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Meters

Shale, medium gray, weathers light gray, calcar-
eous; slope former

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, bimodal cross-bedding, convolute bed-

ding; ledge former .. ..... ... ... ... ..

Shale, medium gray, weathers light gray, calcar-
eous; with interbedded sandstone, light olive gray,
weathers grayish orange, fine to medium-grained,
calcareous, thinto thick-bedded, cross-bedded,
wavy bedding; about 50 percent of each litholo-

gy; irregular slope former . . .. .. ............

Sandstone, light olive gray, weathers grayish
orange, fine-to medium-grained, calcareous,
massive, cross-bedded, convolute bedding; ledge

former - -« . ... .

Covered slope

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, 3M
shale lens about 1.6M above base of unit; ledge

fOl‘meI ..... Tt e s e e e et e e e v e e e e e e e e e .

COVel—ed Slope ..........................

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, becomes finer
grained toward the top, calcareous, massive,
becomes thinner bedded toward the top, cross -

bedded, convolute bedding; ledge former. . ... ...

Sandstone, light olive gray, weathers grayish
orange, fine-grained, calcareous, thin to thick-
bedded, cross-bedded, wavy bedding; interbedded
with siltstone and shale, medium gray, weathers

light gray, calcareous; irregular slope former . . . ..

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding, .3 M
shale 10.9 M above base of unit, .6 M sandstone
lens 10.6 M above base, .6 M shale 10.3 M above

base; ledge former . . . . .. ... .. . L oo

Shale, black, carbonaceous, vitrain bands, resin

inclusions, fissile .. ....... e e e e e

Sandstone, light olive gray, weathers grayish
orange, very fine-grained, calcareous, thintc
medium-bedded, carbonized plant fossils; ledge

former . ... ... L

Shale, medium gray, weathers light gray, calcar-
eous; with interbedded sandstone, light olive gray,
weathers grayish orange, fine-grained, calcareous,
thin to thick-bedded, cross-bedded, 1.4 M sand-
stone 9.2 M above base, 1.2 M shale, black, car-
bonaceous, woody fragments 11.9 M above base,

.5 M sandstone 13.4 M above base; slope former . .

Sandstone, light olive gray, weathers grayish
orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding; minor

shale interbeds; ledge former . . . . ... .........

Shale, medium gray, weathers light gray, calcare-
ous; with interbedded sandstone, light olive gray,
weathers grayish orange, fine to medium-grained,
calcareous, thin to thick-bedded, cross-bedded,
wavy bedding, convolute bedding; slope is partially
covered, but across wash near stream bed is about
3 to 4 M coal with a .6 M split with the top about
11 M above the base of this unit; irregular slope
former

.14.9
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Unit Meters Unit Meters
4. Sandstone, light olive gray, weathers grayish 2. Covered; at least 1.5 M coal, vitrain, weathers
orange, fine to medium-grained, calcareous, minor dull, resin, cleated?; with too much rubble to
iron_oxide, thin to thick-bedded, thin shale inter- determine how much more there is: the rest is
beds, cross-bedded, wavy bedding, convolute bed- probably shale, medium gray, weathers light gray,
ding; intermittant ledge former . . ... .. .. .. ... 4.5 calcareous; slope former , | . . .. ... ... ... ..... 7.6
3. Sandstone, light olive gray, weathers grayish 1. Star Point Sandstone - Not Measured

orange, fine to medium-grained, calcareous,
massive, cross-bedded, convolute bedding; some
shale interbeds; ledge former. . .. ... ......... 15.3 Total - -« -« ., 257.9






EARTHQUAKE EPICENTERS IN UTAH

EARTHQUAKES

Earthquake epicenters in and near
Utah for January through June 1977,
with dates of occurrences and approx-
imate Richter magnitudes, are listed be-
low. Known blasts have been excluded
from the list of seismic events, but to dis-
criminate  man-made events from real
earthquakes is often problematical: and a
few events included in the list may in fact
be artificial. All times are Coordinated
Universal Time (UTC, same as Greenwich
Mean Time, GMT), which is seven hours
later than Mountain Standard Time
(MST, in effect from 2:00 a.m. on
October 31, 1976, MDT, until 2:00 am
April 24, 1977, MST) and six hours later
than Mountain Daylight Time (MDT, in
effect from 2:00 a.m. on April 24, 1977,
MST, until 2:00 a.m. on October 30,
1977, MDT). Therefore, some UTC dates
are one day later than MST or MDT
dates. All locations and magnitudes are
preliminary determinations. Unless other-
wise indicated, localities are in Utah. The
final locations and magnitudes will be
printed in the University of Utah Seismo-
logical Bulletins.

During the period January 1, 1977
through June 30, 1977, thirty-two high-
gain telemetered stations (supported
chietly by the U.S. Geological Survey and
the National Science Foundation) were
operational along the Wasatch Front in
addition to the permanent Utah seismo-
graph network. Telemetered stations on
the northern part of Stansbury Island
(NSU), in Hansel Valley (HVU), and near
Portage (PTU) first became operative
during October 1976, November 1976,
and December 1976, respectively.

Throughout the report period for
southern Utah, seismic signals were re-
ceived at the permanent seismograph
station at Cedar City (CCU) and the tele-
metered stations at Marysvale (MSU,
operative since October 1975), Kanab,
Utah (KNB), and Glen Canyon, Arizona

"Professor  of - Geophysics,  Department  of
Geology and Geophysics. University of Utah,
and l'ormer Director, University of Utah
Seismograph Stations. Salt Lake City, Utah
84112,

JANUARY - JUNE 1977

by Kenneth L. Cook!

(GCA). Telemetered signals from KNB
and GCA, which are operated by the U.S.
Geological Survey, were first received at
the University of Utah during November
1976. Also, in south-central and southern
Utah during early 1977, the following
new high-gain telemetered stations be-
came first operative: 1) Piute Reservoir
(PUU), during January 1977: 2) Richfield
(RFU), during January 1977; 3)
Roosevelt Hot Springs (RHU), during
January 1977; 4) Milford North (MNU),
during January 1977;and 5) Cove Fort
(CFU), during March 1977.

Earthquake locations on a state-wide
basis are only complete above approx-
imately magnitude 2.5. A greater density
of stations in north-central Utah, com-
pared to other parts of the state, accounts
for the recording and location of a greater
number of small-magnitude eathquakes in
that area. During the first half of 1977, a
relative increase in the number of events
in south-central and southern Utah is ex-
plained principally by the expansion of
the University of Utah seismic network in
these areas.

During the report period, earthquake
activity continued to be prominent in
areas adjacent to the aftershock zone of
the March 1975 Pocatello Valley (Idahc-
Utah border) earthquake. These include
areas in Utah to the southwest (northern
Hansel Valley and North Promontory
Mountains), south (Blue Creek Valley),
and southeast (Blue Springs Hills and
West Hills). During the report period, the
largest earthquake in these areas was in
the north end of Blue Springs Hills (mag-
nitude 2.4), and the largest earthquake in
the adjacent Pocatello Valley area (in
Idaho) was magnitude 2.3. Also, earth-
quake activity continued to be prominent
in the Cove Fort-Sulphurdale area, and
minor earthquake activity occurred re-
peatedly in the Levan-Mills, Marysvale,
and Beaver-Manderfield areas. Some of
the seismic events observed west of Cedar
City may be caused by blasting in the
iron mines there. There was an increase of
both the number and magnitude of
seismic events in the Huntington-Orange-
ville coal-mining area, and the largest
seismic event (M = 3.2) during the report
period was felt in that area.
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January Magnitude
1. North end ot Blue Springs

Hills (about 10 km northeast

of Blue Creek and 13 km west-

southwest of Washakic and S km

north ot east-west road) ... ... ... .. <1.0
3. Bear River Range (4 km south

of Blacksmith TFork and 12 km

east-northeast of Paradise) . ...... ... 1.4
4. Bear River Range (5 km cast-

southeast of Logan) .............. <1.0
4. 4 km south of Porterville . .......... 1.3

7. Great Salt Lake (10 km
east-southeast of Lakeside
and 2 km south of Southern

Pacific Railroad causeway) ......... 1.2
8. San Ratael Swell (31 km
east-southeast of Emery and 3 km
north of Interstate highway 70
and 8 km north-northwest of
The San Rafael Knob) ............. 1.5
9. West margin ot Hansel Valley
(18 km south of Snowville) ........ <1.0
9. North end of Blue Springs
Hills (same location as event
onJanuary 1) ........ ... .. ... 1.8
9. Ditto—-asecondevent .............. 1.1
10. Ditto ... <1.0

10. Blue Springs Hills (on

cast-west road, 6 km east

of Blue Creek) ... ..o <1.0
10. Great Salt Lake (18 km

southwest of Cedur Springs

and 15 km northwest ot the

south end of the road at

Rozel Point). ................... <1.0
10. 9 kmsouthof Nephi .............. 1.2
10. 4 km southeastof Flux 2 * ........ <1.0
11, 8 kmsouthot Nephi .............. 1.4
11. 14 km north-northeast of Burrville

and 9 km north of the north end

of Koosharem Reservoir and

3 km northeast of Utah

highway 24 ... ... .. ... ... .... 1.7
11. 11 km west-northwest of

Huntington?® ... ........ ... ... ... 1.5
12. 3 km northwest of Trenton ........ <1.0
12. North end of Blue Springs

Hills (same location as event

onJanuary 1) .................. <1.0
14. West margin of Hansel

Mountains (11 km northeast of

Locomotive Springs and 22

km south-southwest of Snowville

and 2 km east of Locomotive

Springs-Snowville road) .. ....... .. <1.0

2 Possible mine or quarry blast.

* Flux is 12 km southeast of Timpie and 11
km northwest of Grantsville. Timpie is also
designated Rowley Junction on some maps of
Utah
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Magnitude

14. North end of Blue Springs Hills

(same location as event on

January 1) ... ..o <1.0
15. Lakeside Mountains? (12 km

northeast of Low and 8 km east of

north-south Low-Lakeside road) ..... 1.3
16. 5 km east of North Ogden ......... <1.0
17. North Promontory Mountains (15 km

east of Snowville and 4-5 km

south of Utah-Idaho border) ....... <1.0
18. 1 km northeast of Huntsville . ....... 2.2
18. 5 km east of Sulphurdale . .......... 1.7
19. 16 km west of Price and 6 km

north-northeast of Wattis®> .......... 1.3
19. 2 km northwest of Orangeville? . .. ... 1.2
19. 12 km west of Huntington? ......... 1.3
20. 13 km west-northwest of Huntington? 2.2
21. North end of Blue Springs Hills

(same location as event on

January 1) ... oo <1.0
21. Ditto—asecondevent ............. <1.0
21. 12 km south-southeast of Levan

and 17 km east-southeast of Mills . ... 1.3
22, 1 km northwest of Roy ............ 1.5
22. 3 km northeast of Henefer ... ....... 1.0
22. 11 km west-southwest of Huntington

and 10 km north-northwest of

Orangeville? ..................... 2.1
23. Bear River Range (12 km

southeast of Logan) ............... 1.1
23. North end of Blue Springs

Hills (same location as event

onJanuary 1) .................. <1.0
23. Ditto—-asecondevent ............. <1.0
24, 5km west of Fayette.............. 1.3
24. 8 km south-southwest of Levan

and 11 kmeastof Mills ............ 2.1
24, 7 km southwest of Levan........... 1.6
24. 11 km southwest of Levan and

8 km east-southeast of Mills. .. ... ... 1.1
24. 8 km south-southwest of Levan

and 11 kmeastof Mills ............ 1.7
24. 6 km southwest of Levan........... 1.5
24. West margin of Hansel Valley

(18 km south of Snowville) ........ <1.0
24. 7 km southwest of Manti and 4 km

northwest of Sterling . ............. 1.5
25. 9km southwest of Levan........... 1.3
25. 8 km southwest of Levan and 9

kmeastof Mills .................. 2.5
25. 9 km north-northeast of Beaver

and 4 km east-southeast of

Manderfield .................... <1.0
25, 1km westof Beaver ............. <1.0
25. 3 km east-northeast of Beaver ...... <1.0
25. 3 km west-northwest of

Lakeside? ............c... ... <1.0
25. North end of Hansel Valley

(11 km west-northwest of

Blue Creek) .................... <1.0
25. 9 km northwest of Junction ....... <1.0
25. 8 km north-northwest of Junction . ..<1.0
25. 10 km east-southeast of

Sulphurdale ..................... 14
25. 5 km north of Orangeville? ......... 1.4
26. North Promontory Mountains

(15 km east of Snowville) ......... <1.0
26. 3 km southwest of Flux? ........... 1.1
26. North Promontory Mountains

(13 km east of Snowville and

4-5 km south of Utah-Idaho

border) ........ .. i <1.0

Magnitude

26. Ditto—-asecondevent ............ <1.0
26. Ditto--a thirdevent .............. <1.0
26. Ditto-a fourthevent ............. <1.0
26. Ditto-a fifthevent ............... <1.0
27. 5 km north-northeast of Manti ...... 1.6
27. North Promontory Mountains

(13 km east of Snowville

and 4-5 km south of Utah-

Idaho border) .................. <1.0
27. North end of Hansel Valley

(on U.S. highway 308, 10 km

northwest of Blue Creek and 14

km southeast of Snowville) ......... 1.1
27. North Promontory Mountains

(6 km northwest of Blue Creek

and 1 km south of U.S. highway 30S) . 1.7
27. North Promontory Mountains

(13 km east of Snowville and

4-5 km south of Utah-Idaho border) .<1.0
27. Ditto-asecondevent .............. 2.1
27. North end of Hansel Valley

(1 km south of U.S. highway 30S

and 10 km northwest of Blue Creek

and 14 km southeast of

Snowville) ...................... 1.0
27. North Promontory Mountains

(13 km east of Snowville and

4-5 km south of Utah-Idaho

border) ......eiiiiiie <1.0
27. Ditto-asecondevent ............. <1.0
27. Ditto-athirdevent ,.............. <1.0
27. Ditto-a fourthevent.............. <1.0
27. 2 km west of Lakeside? ........... <1.0
27. North Promontory Mountains

(13 km east of Snowville and 4-5

km south of Utah-Idaho border) ..... 1.2
27. Ditto-asecondevent .............. 1.1
27. Ditto—-a thirdevent ............... 1.1
27. Ditto-a fourthevent .............. 1.0
27. Ditto-a fifthevent............... <1.0
28. Ditto ... <1.0
28. 7 km east of Huntsville ............ 1.8
28. North Promontory Mountains

(13 km east of Snowville and 4-5

km south of Utah-Idaho border) ..... 1.2
28. Ditto-asecondevent ............. <1.0
28. 9 km west of Snowville

and 2 km south of Utah-Idaho

border ........ ... i, <1.0
28. 9 km east-southeast of

Sulphurdale ..................... 1.6
29. North Promontory Mountains (same

location as event on January 28) ..... 1.0
29. 5 km north of Orangeville? ......... 2.1
29. North Promontory Mountains (same

location as event on January 28) ....<1.0
30. Northwest margin of Hansel Valley

(17 km south of Snowville) ......... 1.1
30. North end of Blue Springs Hills

(same location as event on

January 1) ... oo <1.0
30. 2 km northeast of Porterville ....... <1.0
30. Blue Springs Hills (9 km

east of Howell and 2 km south

of U.S. highway 30S) .............. 2.2
31. Bear River Range (3 km north

of Blacksmith Fork and 4 km

southeast of Nibley) ............. <1.0
31. Bear River Range (4 km south

of Blacksmith Fork and

12 km east-northeast of Paradise) ....1.2

31.

31.

February

W

bl

w

ARG

ARwew
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Magnitude

Bear River Range (2 km south

of Blacksmith Fork and 12 km
east-northeast of Paradise) . ........ <1.0
8 km west-northwest of

Huntington?

Magnitude

. Blue Springs Hills (8 km

east-southeast of Howell and

4 km south of U.S. highway 30S) ...<1.0
Blue Springs Hills (1 km

north of the east-west road

and 9 km east-northeast of

Blue Creek)
14 km west of Huntington?
North end of Blue Springs Hills
(same location as event on
January 1). Felt in Blue Creek
and Portage. (15:26 UTC)
North Promontory Mountains
(same location as event on
January 28)
North end of Blue Springs Hills
(same location as event on
January 1)
Ditto—-a second event . ............
Ditto--a third event
Ditto--a fourth event
Ditto

. South end of Pocatello Valley

(about 4 km south of Utah-Idaho
border)
North Promontory Mountains
(same location as event on
January 28)
4 km west-southwest of Flux?
North Promontory Mountains
(same location as event on
January 28)
10 km east of Cove Fort
Circleville Mountain (16 km
southeast of Beaver and 20 km
west-northwest of Circleville)
North Promontory Mountains
(same location as event on
January 28)

. Ditto-asecondevent ............. <1.0
. Bear River Range (12 km

southeast of Logan) ............... 1.5
North end of Hansel Valley

(16 km east of Snowville and

5 km south of Utah-Idaho

border)
North end of Blue Springs
Hills (same location as event
on January 1)
3 km south of Draper
4 km northwest of Orangeville?
North end of Blue Springs Hills
(same location as event on
January 1)
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10.

10.
. 1 km west of Sulphurdale
12.

12.

12.

12.

13.

13.

13.

Magnitude

Utah highway 83 (6 km southwest
of Penrose)
North end of Blue Springs
Hills (same location as event
on January 1)
North end of Hansel Valley

(1 km south of U.S. highway 30S
and 10 km northwest of Blue Creek
and 14 km southeast of Snowville) .
North end of Blue Springs Hills
(same location as event on

January 1)

.<1.0

. North Bay of Bear River Bay

(13 km west-southwest of Corinne) . ..

. 11 km south-southeast of Levan

and 17 km east-southeast of
MillS . oot 1.6

. North end of Blue Springs Hills

(same location as event on
January 1)

. Ditto—-asecondevent ............. <1.0
. North Promontory Mountains

(same location as event on
January 28)

. Ditto—-asecondevent . ............ <1.0
. Ditto--a third event
. Bear River Range (5 km east

of Mjllville)

. North Promontory Mountains

(same location as event on
January 28)

. Crest of Traverse Mountains

(7 km south-southeast of Draper
and 8 km east-southeast of
Bluffdale)

. 13 km west-southwest of Huntington

and 8 km northwest of

Orangeville. Felt in American

Coal Company Beehive mines

(located 12 km northwest of
Orangeville) and in Castle Dale,
Cleveland, and Elmo. (00:42 UTC). ...

. North end of Blue Springs Hills

(same location as event on
January 1)
10 km south-southeast of

Porterville and 4 km west of

East Canyon Reservoir............ <1
11 km east of Cove Fort

Northeast margin of Little
Mountain (9 km west of Bear River
City)
North Promontory Mountains
(12 km east of Snowville)
West Hills (8 km northwest
of Riverside and 8 km southwest
of Plymouth)
North end of Blue Springs Hills
(same location as event on
January 1)
Northeast margin of Little

Mountain (9 km west of Bear

River City) . oo v v es 1.1
West margin of Hansel Mountains

(13 km northeast of Locomotive

Springs and 21 km south-southwest

of Snowville and 3 km east of

Locomotive Springs —Snowville road) . 1.0
North end of Hansel Valley

(10 km east-southeast of

Snowville)

15.

15.

15.

15.

15.

16.

16.

16.
16.

16.
16,

17.

17.
17.

17.
18.
18.

18.

19.
21.
22.

22.
22.

22.
23.

23.
23.
23.
24.

24,

217.

28.

Magnitude
West edge of Bear Lake (1 km
south of Pickleville) .. ............ <1.0
4 km south-southwest of
Porterville ...................... 1.8

13 km west-southwest of Huntington

and 9 km northwest of Orangeville? .. 1.0
North Promontory Mountains

(same location as event on

January 28) .. ... <1.0

Blue Springs Hills (5 km

northeast of Blue Creek and 1 km

north of ‘the east-west road) . .. .. ... <1.0
North end of Blue Creek Valley

(9 km north of Blue Creek and

6 km south of Utah-Idaho border) . . .<1.0
North end of Blue Springs Hills

(same location as event on

Janvary 1) . ... <1.0

Ditto—-a secondevent ............. <1.0

Ditto-a third event .............. <1.0

Ditto--a fourthevent ............. <1.0

13 km east of Sulphurdale .......... 1.5

30 km south-southwest of Kelton

and 18 km west of north-south

road along east margin of Hogup

Mountain ...................... <1.0

11 km southeast of Beaver.......... 1.1

13 km east-southeast of

Sulphurdale .................... <1.0

8 km northwest of Long Valley

Junction ........... ..., 1.2

8 km west of Pickleville . .......... <1.0

Crest of Stansbury Mountains (5 km

west-southwest of Dolomite* and

8 km south-southeast of Timpie? ...<1.0

8 km east-southeast of Cove Fort

and 8 km east-northeast

of Sulphurdale ................... 1.7

9 km northwest of Long Valley

Junction........................ 2.0

10 km west-southwest of Spry ....... 1.3

11 kmeastof Beaver .............. 2.0

10 km east of Beaver . ............. 1.4

11 km east-northeast of Beaver ... .. <1.0

North end of Blue Springs

Hills (same location as event

onlJanuary 1) ................... 1.0

10 km northeast of Cove Fort ....... 1.3

8 km north-northeast of Cove Fort ..<1.0
. North end of Blue Springs Hills

(same location as event on

January 1) ... i <1.0

Ditto-a secondevent ............. <1.0

12 km northeast of Scipio .......... 1.7

§ km south-southeast of Levan ...... 1.8

12 km west-southwest of

Huntington? .................... 1.2

10 km north of Mill Fork .......... 1.3
. 9 km east-northeast of

Cove Fort ..........cvviivu... 1.8

5 km north of Orangeville? ......... 1.8
. 2 km northwest of Sulphurdale ...... 1.2

Lakeside Mountains (11 km
northeast of Low and 6 km east of
north-south Low-Lakeside road)? ... <1.0

*Dolomite is 8 km southeast of Timpie.

March

[SSRON]

(SR N

11.
11.

11.

11.

13.
14.
15.

. 1 km east of Lakeside?
. North Hansel Valley—area A (13 km

. Ditto—-asecondevent .............
. Ditto--a third event

. North Hansel Valley—area B

. 11 km east of Cove Fort
. 9 km northeast of Cove Fort
. North Hansel Valley—-area A

81

Magnitude

. West margin of Stansbury

Mountains (5 km south of

Timpie and 1 km east of

north-south Timpie-losepa

road .. ... <1.0

. 6 km east of Beaver and 2 km

south of Utah highway 153

southeast of Snowville and 3 km
southwest of the intersection of
the north-south Hansel Valley road
and U.S. highway 308S)

(14 km southeast of Snowville

and 4 km southwest of the inter-
section of north-south Hansel

Valley road and U.S. highway 308) ...

. North Hansel Valley—area A

(same location as event in
area A on March 3)

. North Hansel Valley—-area B

(same location as event in area
B on March 3)

(same location as event in area A
onMarch3) .................... <1.0

. West branch of Logan River

(16 km west of Garden City and
5 km south of Utah-Idaho
070 ¢4 (=5 & SV R <1.0

. Cottonwood Creek (21 km west-

northwest of Orangeville)?, ... ... ...

. East margin of Hansel Valley

(12 km north-northeast of Cedar
Springs)
11 km east-northeast of Scipio and
12 km northwest of Fayette

. 8 km east-southeast of

Sulphurdale

. 4 km southeast of Mount

Pleasant
12 km north-northwest of

Devils Slide and 14 km north-

northeast of Morgan
Tushar Mountains (8 km north-

northwest of Signal Peak and

13 km east-southeast of

Sulphurdale) ......... e <1.0
East margin of Stansbury

Mountains (8 km northwest of

Grantsville and 5 km south

of Flux)
10 km east of Cove Fort
11 km south of Grantsville
and 1 km east of St. John-
Grantsville north-south road
Skull Valley (16 km north of
Dugway and 1 km west of main
north-south Dugway-

Timpie road)
South end of Tooele Valley

(9 km south of Grantsville

and 2 km east of the St. John-

Grantsville north-south road) .. ....... 1.
8 km east of Blue Creek . .. ........ <
6 km east of Venice ............... 1.
North Stansbury Mountains

[
woN
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15.

15.

15.

15.

17.

17.

17.

18.
19.

20.

21.
23.

23.
24.

24.

24,

25.

25.
25.
25.

26.
27,

28.
29.
30.
30.

30.

30.
31.

31.

Magnitude

(3 km southwest of Flux)?
Beaver River (10 km east-southeast
of Beaver)
South end of Pocatello Valley

(16 km east of Snowville and

2 km south of Utah-1daho border) ... .. 1.1
South end of Pocatello Valley

(18 km east of Snowville and 2

km south of Utah-Idaho border) ..... 1.7

4 km south of Heber City ......... <1.0
. Hansel Valley (15 km north of

Cedar Springs) ................... 1.0

Ditto—-a secondevent ............. <1.0

5 km north of Orangeville and

10 km southwest of Huntington? 2.2

11 km east of Cove Fort ........... 1.7
. 8kmwestof Royal? .............. 2.6

12 km west-southwest of Pickle-

ville ... <1.0

4 km north of Cottonwood Creek

and 13 km northwest of

Orangeville and 18 km west-

southwest of Huntington® .......... 1.8

North Promontory Mountains

(13 km east of Snowville) ......... <1.0

9 km east of Sulphurdale .. ......... 2.0

Blue Springs Hills

(10 km northeast of Howell

and 4 km north of

U.S. highway 30S) ............... <1.0

On U.S. highway 91 (4 km south-

southwest of Sulphurdale) ......... <1.0

Northern Blue Springs Hills

(10 km northeast of Blue Creek) .. ... 1.2

Fremont Wash area (20 km south-
southwest of Beaver

and 2 km west of U.S. highway 91) ... 1.4
Blue Springs Hills (10 km north-

east of Howell and 4 km north of

U.S. highway 30S) ............... <1.0
9 km east-southeast of Cove

Fort and 9 km east-northeast

of Sulphurdale .. ................. 1.9
5 km north of Orangeville and

10 km southwest of Huntington? 1.6

Blue Springs Hills (10 km

northeast of Howell and 4 km

north of U.S. highway 30S) ........ <1.0
5 km northeast of Castle Gate?
11 km east-southeast of Spring City
East margin of Canyon

Mountains (3 km northeast of
Williams Peak and 10 km
northwest of Scipio)
14 km east-northeast of Cove Fort
At Lakeside?
Tushar Mountains (4 km north-
northwest of Mt, Belnap and
17 km west of Marysvale)
Blue Creek Valley (2 km
south of Howell)
4 km south-southwest of Howell
and 11 km north of Thiokol and
1 km west of the north-south
Howell-Thiokol road

Northern Stansbury Mountains

(3 km southwest of Flux)?
Keg Mountains area (14 km east-
northeast of Topaz Mountain

and 18 km northwest of Fumerole
Butte and 7 km northeast of the

Magnitude

intersection of the east-west

Trout Creek-Jericho road and

the road going north to Dugway) . . ... 1.2
1.5

31. 9 km east of Sulphurdale .. .........
April Magnitude
1. East margin of Hansel
Mountains (9 km southeast
of Snowville and 1 km southwest
of U.S. highway 30S)............. <1.0
1. Lakeside Mountains (11 km north-
northeast of Low and 4 km
east of north-south Low-
Lakeside road)? .................. 1.8
1. 9 km east of Sulphurdale ........... 1.1
2. 4 km north-northeast of
Manderfield .................... <1.0
2. Hansel Mountains (16 km south-
southwest of Snowville and 6 km
southeast of Snowville-Locomotive
Springsroad) .................... 1.2
2. 3 km north of Herriman and 6
km east-northeast of Lark ......... <1.0
2. West Traverse Mountains (5 km
southwest of Bluffdale) ............ 1.7
2. Ditto—asecondevent ............. <1.0
2. Ditto—-a thirdevent ............... 1.0
3. Tushar Mountains--City Creek
Peak area (11 km northwest of
Junction and 7 km south-southwest
of Alunite) ... ................... 1.7
3. 4 km west-southwest of Echo ...... <1.0
4. 11 km west of Huntington® . ........ 1.8
4. 1km east of Lakeside? ........... <1.0
5. East margin of Stansbury
Mountains (7 km northwest of
Grantsville and 5 km south of Flux) .<1.0
5. Blue Creek Valley (2 km east
of BlueCreek) .................. <1.0
5. 2 km northeast of Devils Slide? ... ... 1.2
6. Blue Springs Hills (7 km
northeast of Blue Creek) .......... <1.0
6. West margin of West Hills (11 km
northeast of Blue Creek) .......... <1.0
6. 11 km east of Cove Fort ........... 1.8
7. Blue Springs Hills (6 km north-
east of Blue Creek) .............. <1.0
7. 10 km east-northeast of Cove
Fort......oo v, 1.9
8. 18 km east of Manderfield ......... <1.0
10. 8 km west-southwest of Echo
and 8 km south-southwest
of Henefer ...................... 1.1
11. 20 km south of Minersville ......... 14
12. Blue Springs Hills (9 km east
of Howell and 2 km south of
U.S. highway 30S) ............... <1.0
12. 11 km east of Cove Fort ........... 1.6
12. East margin of Stansbury
Mountains (11 km south-south-
west of Grantsville and 3 km
west of St. John-Grantsville
north-southroad) ................ 1.0
13. 11 km east of Cove Fort .......... <1.0
14. 3 km east-northeast of Genola . ... ... 1.1
15. 11 km east of Cove Fort ........... 1.4
15. 1 km west of Devils Slide? .......... 1.3
17. 4 kmeastof Sevier .............. <1.0
18. 15 km south-southwest of Levan
and 1 km east of Utah highway 28 1.6

18.

19.
20.

20.
20.
22.

22.
22,
23.

23.

24,

24,

25.
25.

26.
26.

27.

May

w N

w

3

.7 km northeast of Magna 0
. 8 km northeast of Milford 1
. 9 km north-northeast of Cove Fort ..<1.0
. 12 km east of Sulphurdale 6
0

4
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Magnitude

West Hills (8 km west-southwest
of Portage and 5 km south of

Utah-Idaho border) .............. <1.0
11 km east of Cove Fort ........... 14
Utah highway 40 (6 km southeast
of Timpie and 3 km northwest of
Dolomite)? .................... <1.0
15 km west of Huntington? . ..,..... 1.9
10 km east of Sulphurdale .......... 1.4
Eastern Mineral Mountains
(14 km northwest of Manderfield) . . .<1.0
1 km west of Devils Slide? . ........ <1.0
11 km east of Cove Fort ........... 1.5
2 km southwest of Hatch .. ......... 1.8
Tushar Mountains (17 km
east-southeast of Manderfield) ...... <1.0
West margin of Mineral Mountains--
Roosevelt Hot Springs area (19 km
northeast of Milford) .............. 1.0
Eastern Mineral Mountains (13 km
northwest of Manderfield) .......... 1.0
4 km northwest of Garfield ........ <1.0
Lakeside Mountains (11 km north-
northeast of Low and 6 km east
of the Low-Lakeside road)? ......... 1.3
On Union Pacific Railroad (2 km
southwest of Latimer) ............. 1.2
14 km east of Sulphurdale .......... 1.6
. 2km west of Lakeside? ............ 1.2
21 km south-southeast of
Beaver and 6 km east of U.S.
highway 91 and 3 km north of Utah
highway 20 ..................... 2.2

. Fremont Wash (16 km south-

southeast of Beaver and 3 km
east of U.S. highway 91)

10 km east of Cove Fort
7 km east of Mount Pleasant . ....... 1.

. Eastern Stansbury Mountains

(2km south of Flux)? ............. 1.2
. 8 km southwest of Wanship . ........ 1.2
. Weber River Canyon (5 km east
of Morgan)? ..., <1.0
. 10 km east of Cove Fort ........... 1.3
. 10 km north-northwest of
Milford .......... ... i <1.0
Magnitude

. North Promontory Mountains

(14 km east of Snowville and
4 km south of Utah-Idaho border)...<1.0

. 10 km north of Central ............ 1.4
West margin of Hansel Valley
(18 km south of Snowville) ......... 1.3
Tushar Mountains (13 km east
of Sulphurdale) ................. <1.0
5 km northeast of Cove Fort ....... <1.0
12 km north-northeast of
Cove Fort ........covuviivnennn. 1.7
10 km east of Cove Fort ........... 1.8
East margin of Stansbury
Mountains (9 km west-northwest
of Grantsville and 7 km south
of Flux) .......ovvvnino ... 1.1
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10.

1.

11.

12.

12.

12.

12,

12.

13.

13.
14.
14.
14.
14,

14,

14,

Magnitude

Northern Hdnsel Valley

(11 km west of Blue Creek
and 16 km southeast of
Snowville; on north-south
road 4 km south of the
intersection of north-south
road and U.S. highway 30S)
Great Salt Lake (13 km west-
northwest of south end of north-
south road at Rozel Point

and 17 km east of middle of

Dolphin Island) .................. 1.5

2 km southwest of Cornish ......... 1.2

4 km south of Porterville .......... <1.0

Tushar Mountains (11 km east

of Sulphurdale) .................. 1.5

Northern East Canyon

Reservoir (9 km southeast of

Porterville) .. .... ... ... L <1.0

11 km north-northeast of

Cove Fort .......covvvivevunn.. <1.0

2 km south of Cove Fort .......... <1.0

Antelope Range (11 km north-

east of Newcastle) ................ 1.9
. 3kmeast of Cove Fort ........... <1.0
. 3kmeastof Cove Fort ............ 1.3

11 km north-northeast of

Cove FOIt vvvvvnvei i ieeennns <1.0

Hansel Mountains (12 km south

of Smowville) .................... 1.5

12 km west-northwest of

Huntington?® . ................... 2.5
. 13 km east-northeast

of Alunite ...................... 1.3

6 km east of Marysvale ............ 1.1

1 km southeast of Lakeside? ........ 1.1
. 3 km southwest of Joseph ......... <1.0

East margin of Tushar

Mountains (4 km southwest of

Marysvale) ............... ... ... <1.0

10 km east of Cove Fort ........... 1.6

Southern Blue Springs

Hills (6 km east-northeast of

Thiokol) ........ ... ... 1.3

Northern Valley Mountains (9 km

northeast of Scipio) ............... 1.1

2 km north-northwest

of Devils Slide? .................. 1.3

11 km east-northeast of

Liberty ..o <1.0

11 km east-northeast of

Liberty ......veenieniiia. 1.5

Blue Springs Hills

(7 km northeast of

BlueCreek) ................. ... <1.0

Circleville Mountain (20 km

east-southeast of Beaver) ........... 1.1

11 km north-northeast of

CoveFort .....covuvunnnn... <1.0

17 km northwest of

Huntington?® .................... 2.1

2 km north of Ruins and

6 km northwest of Mills . .. ......... 1.0

1 km south of Ruins and 4 km

west-northwest of Mills ............ 1.7

East branch of Logan River

(12 km west-northwest of

Garden City and 2 km south of

Utah-Idaho border) ............. <1.0

West margin of San Pitch

Mountains (15 km southeast of

Mills and 4 km east of Utah highway

28 e e e 1.1

15.

15.

16.
18.

19.

20.

20.

21.

22.

22.

22.

23.

24.

25.

25.

26.

27.

217.

27.

28.

28.

28.

28.

28.

28.

Magnitude

West Hills (11 km east-

northeast of Blue Creek)
Blue Springs Hills (6 km
east-northeast of Blue Creek) ....... <1.0

8 km east of Cove Fort ............ 1.0
North end of Blue Springs Hills
(8 km northeast of Blue Creek) ...... 1.4

The Three Peaks area

(10 km north of Iron Springs

and 4 km west-southwest of

Cedar City-Lund road)? ............ 14
Southern Blue Springs Hills

(6 km east-northeast of Thiokol ....<1.0
9 km east-northeast of

Sulphurdale and 9 km east-

southeast of Cove Fort ............ 1.6

Paunsaugunt Plateau (19 km
east-northeast of Long Valley

Junction and 15 km southeast

of Hatch) ....................... 1.3
Blue Springs Hills

(6 km east-northeast of

BlueCreek) .................... <1.0
Blue Springs Hills (4 km

east of Blue Creek) .............. <1.0
6 km west of East Canyon

Reservoir and 10 km south of

Porterville ...................... 1.8

Blue Springs Hills (9 km
east-southeast of Howell
and 4 km south of U.S. highway 30S) <1.0
8 km north-northwest of

Mill Fork and 14 km east-

northeast of Thistle
5 km north-northwest of

Orangeville? . .................... 2.0
Lakeside Mountains (13 km
north-northeast of Low and

5 km east of north-south

Low-Lakeside road)?
Blue Creek Valley—on U.S.
highway 30S (4 km north-
east of Howell)
Bear River Range (10 km
east-northeast of
Richmond and 10 km east-
southeast of Cove)
13 km east of Cove Fort
East margin of Iron Mountain
(21 km west-southwest of Cedar
City and 15 km east-

southeast of Newcastle and

2 km north of the east-west
Utah highway 56)
West margin of Bear River Range
(6 km east-northeast of
Richmond and 6 km east-south-
east of Cove)
West margin of Bear River
Range (8 km east-northeast of
Richmond and 7 km east-
southeast of Cove)
West margin of Bear River

Range (7 km east-northeast of

Richmond and 7 km east-

southeast of Cove) ............... <1.0
6 km south-southeast of Alunite

and 1 km east of U.S. highway 89 ....1.0
West margin of Bear River

Range (7 km east-northeast of

Richmond and 7 km east-southeast
ofCove) ...oovv i <1.0
2 km east of Cove Fort
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Magnitude
29. West margin of Bear River
Range (6 km east-northeast of
Richmond and 6 km east-
southeast of Cove) ................ 1.2
30. 3 km east-southeast of Cove Fort ...<1.0
31. 8 km west of Burrville . ........... <1.0
31. North margin of Granite
Mountain (2 km south of Iron
Springs)® ... ... 1.3
June Magnitude
1. Blue Creek Valley
(3 km south of Howell) ........... <1.0
1. 1 km northeast of Lakeside® ........ 1.0
1. 2 km west of Devils Slide? ......... <1.0
2. Tushar Mountains (23 km
eastof Beaver) .................. <1.0
2. East margin of Tushar
Mountains (7 km west-
southwest of Marysvale) .......... <1.0
2. 2 km north of Santaquin . .......... 1.6
3. 11 km east-southeast of
Kenilworth? .................... 3.0
3. Tushar Mountains (14 km
east of Sulphurdale) ............... 1.6
4. North end of Blue Springs
Hills (7 km northeast of
Blue Creek) «.ovvvvevnieennnennn 1.8
4, AtMONIOE v\ v v v eiee e <1.0
5. Bear River Range (12 km
east-southeast of Logan and
5 km south of Logan River)........ <1.0
6. South central part of Bear
Lake (4 km southeast of
Pickleville) ... .................. <1.0
7. 12 km north-northeast of
Cove Fort ......oovuvvninnnnnn.. 2.0
8. 8 km north of Cove Fort ........... 1.0
8. Ditto--asecondevent ............. <1.0
8. Ditto—a third event ............... 1.0
9. Blue Springs Hills (6 km
southeast of Blue Creek) .......... <1.0
9. 13 km southeast of Beaver . ........ <1.0
10. Blue Springs Hills (6 km
southeast of Blue Creek) .......... <1.0

10.
10.

10.

12.

12.
13.

15.

6
. 11 km east of Alunite 1
. 3 km west of Devils Slide? . . 1
. 2 km east of Sulphurdale . .......... 1.2
. 3 km east of Cove Fort 0
. 12 km north of Cove Fort 4
. Fremont Wash (21 km south of

Ditto--a second event . ............ <1.0
Blue Springs Hills (7 km

southeast of Blue Creek) ........... 1.0
Blue Springs Hills (8 km
east-southeast of Blue Creek) . ........ 1.3

. Tushar Mountains (13 km east-

southeast of Sulphurdale)

Beaver and 3 km northeast of

junction of U.S. highway 91 and

Utah highway 20). ................ 1.3
North end of Hansel Valley (11 km
southeast of Snowville and 2 km

north of U.S. highway 308) ........ <1.0
Ditto—asecondevent ............. <1.0
2 km east-northeast of Marysvale . .. .<1.0
1 km north of Sulphurdale ......... 1.3

. Tushar Mountains--Delano Peak

area (6 km west of Alunite) ......... 1.9
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1S.

16.

16.

20.

21.

21.
22.

22.

22.

22.

23.
24,

24.
27.
28.
28.

29.

Magnitude
4 km southwest of Pickleville ....... 1.0
. 10kmeastof Mills ............... 2.0

North end of Hansel Valley (12 km
southeast of Snowville and 2 km

north of U.S. highway 30S) ......... 1.3
East margin of Hansel Mountains

(10 km southeast of Snowville and

2 km south of U.S. highway 30S ... .. 1.0

. North end of Hansel Valley (2 km

southeast of Snowville and 2 km

north of U.S. highway 30S) ......... 1.8
. 13 kmeast of Cove Fort ........... 2.0
. 10 km east of Coalville ............ 1.6
. 6 km northwest of Cove Fort ....... 2.3

. East margin of Hansel Mountains

(9 km southeast of Snowville and

2 km south of U.S. highway 30S) ....1.8
North end of Hansel Valley (2 km
southeast of Snowville and 2 km

north of U.S. highway 30S) ......... 1.0
South central Bear Lake (4 km
southeast of Pickleville) ........... <1.0

10 km east of Cove Fort
East margin of San Pitch Mountains

(10 km west-northwest of Ephraim) .. 1.5
South end of Pocatello Valley (19

km east of Snowville and 3 km

south of Utah-Idaho border)
North end of Blue Creek Valley

(20 km east-southeast of Snowville

and 5 km south of Utah-ldaho border)<1.0
Lakeside Mountains (13 km north-
northeast of Low and 6 km east

of north-south Low-Lakeside

road)?
2 km south of Flux?
West edge of Bear Lake (2 km

south of Garden City) ............ <1.0
8 km east-northeast of Cove Fort ....1.3
North end of Hansel Valley (12 km
southeast of Snowville and 2 km

north of U.S. highway 30S) ......... 1.6
1 km north of Henefer® ........... <1.0
West margin of Bear River Range

(4 km southeast of Richmond) ..... <1.0
1 km north of Henefer? . ........... 1.1

Table 1. Number of probable rockbursts -
January 1, 1977 through June 30, 1977.

e B .
& 2 e 2 = > 2
2% N - I I
1 3 2 2 2
2 5 2 3 1 5 2
3 1 4 2 8 6
4 2 3 2 3 3 3
5 2 3 6 3 6 4
6 5 4 3 2 4 2
7 6 2 2 5 3
8 6 1 2 2 1
9 1 3 1 2 1
10 2 1 3 3 5
11 2 2 6 8 6
12 2 4 1 3 2
13 1 1 1 2 4
14 1 2 2 1 6
15 1 1 5 3 4
16 1 2 3 3 6 4
17 2 2 1 1 1 3
18 3 2 4 3 1
19 3 4 1 2 5
20 1 4 7 1 1 1
21 3 2 2 1 3
22 2 2 2 1 4
23 6 1 6
24 2 3 8 1 3
25 2 2 1 2
26 2 3 1 2
27 3 1 3 4
28 2 1 1 2 2
29 5 6 4
30 3 3 2 5 4
31 4

Total 71 44

Nel
[\

54 85 87
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PROBABLE ROCKBURSTS

Seismic events (total of 433) during
January through June, 1977, in the coal-
mining areas of Carbon County, Utah—in
particular, the Sunnyside-East Carbon
City-Columbia region— are listed separate-
ly (table 1) in terms of the number of
events each day. These events are inter-
preted as “probable rockbursts,” al-
though some may be earthquakes; no at-
tempt was made to distinguish these two
types of events. The interpretation of
these events was based on the paper seis-
mograms of the Price, Utah (PCU) seis-
mograph station, the nearest recording
station.
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