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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 Sri 86 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 11 =238U1204Pb ;::;::: 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 11 
;::;::: 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 (11 ;::;::: 12) continuously since 
2.7 b.y. ago (e.g., there was no high rank 
metamorphism of this material in the Pre
ca mbrian) 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 
nf':w radiometric ages that provide insight 
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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 tha t work 
will be utilized in our interpretation of 
the Gold Hill data. 

The Gold Hill mmmg 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 
2 0 7 P b 6 2 0 4 P ban d 2 0 8 Pb / 204 Pb _ 
206 Pb/ 2 4 Pb 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 EI-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 
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Figure 1. Outcrop map of the Gold Hill mining district , simplified fr om Nolan (1935). Inset sh ows location of the district and the boundaries of Areas 
I, 11 , and IIl--each of which exhibit fundamentally di ffe rent lead isotope characteristics . Area Ia - "continental" 2700 m .y _ or older ; Area Ib -
"continen tal" 1800 m.y . or yo unger ; Area II - "miogeosyncli~al"; Area III - "eugeosynclinal" . 
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Table 1: Lead Isotopic Characteristics for a Regional Classification of the Western United States, from Zartman (1974). 

Province 
and type 

Area 1 

Rocks 

Ores 

Area II 

Rocks 

Ores 

Area HI 

Rocks 

Ores 

Normal isotopic range 
206Pbj204Pb 208Pbj204Pb 

16.2-18.8 36.5-39.9 

16.6-24+ 36.8-42+ 

19.1-19.7 38.9-40.3 

18.7-19.4 38.2-39.1 

River and the Ruby Mountains, they have 
undergone extensive recrystallization 
during one or more periods of 
Phanerozoic deformation. 

To the east of Gold Hill, the 
Ordovician to Mississippian sedimentary 
rocks are predominantly carbonates with 
minor amounts of quartzites and shales, 
having a typical aggregate thickness of 
approximately 10,000 m. Such shelf type 
rocks grade westwards into a 
miogeosynclinal sequence with increasing 
thickness up to 20,000 m along the axis 
of the Cordilleran geosyncline in central 
Nevada. There, the miogeosynclinal 
rocks, by facies change and tectonic 
superposition, give way to a eugeo
synclinal sequence of graywackes, cherts, 
sandstones, and intercalated volcanics. 

The area comprising western Utah 
and much of Nevada has been the site of 
repea ted orogeny since early Paleozoic 
time (Gilluly, 1965). Major thrusting and 
telescoping of lower and middle paleozoic 
rocks took place during the Late 

Lead isotope characteristics 

Comparatively unradiogenic; fairly wide 
range in isotopic composition 

Extreme range in isotopic composition. 
Linear arrays within minin~ districts 
on 206Pbj204Pb vs. 207Pbj204 Pb diagrams 
Large, hypothermal deposits are least 
radiogenic; small or peripheral de-
posits are most radiogenic 

Comparatively radiogenic; small range in 
isotopic composition. 

Similar to the rocks. 

In termediate between lead of Areas I and 
II; small range in isotopic composition. 

Source material 

Precambrian crystalline basement rocks 
of the lower crust or, possibly, the 
mantle. 

As above, with variable amount of radio
genic lead addition from upper crustal 
rocks. 

Isotopically homogenized miogeosynclinal 
sedimen tary rocks eroded from the ad
jacent Precambrian sialic upper crust. 

Similar to the rocks. 

Eugeosynclinal plutonic, volcanic, and 
sedimentary rocks, possibly assoc
iated with subduction processes. 

Only a few analyses of ore lead available, apparently similar to the rocks. 

Devonian to Early Mississippian Antler 
orogeny ~n Nevada (Roberts and others, 
1958). Deformation also occurred during 
the Late Jurassic through Cretaceous 
(Sevier) and the Late Cretaceous to Paleo
cene (Laramide) orogenies in eastern 
Nevada and western Utah. Since Oligo
cene time, this terrane has been subjected 
to tensional forces, possibly due to the 
counter-clockwise rotation of the Sierra 
Nevada Mountains away from the contin
ental interior (Hamilton and Meyers, 
1966). The resulting crustal extension has 
formed the complex north-south trending 
system of block-faulting that comprises 
the present Basin and Range province. Al
though this faulting has added further 
complexity to the region, it has yielded 
some three-dimensional glimpses of the 
structures at scattered points throughout 
the area. 

Volcanic and plutonic rocks occur 
ubiquitously throughout western Utah 
and Nevada. Extensive geochronologic 
work in recent years has greatly increased 
our knowledge of the timing of igneous 

activity (Armstrong, 1970; Armstrong 
and others, 1969). We now know that 
this activity spanned much of Mesozoic 
and Cenozoic time, and produced a com
plex spatial-temporal pattern throughout 
the western U.S.A. Even within.restricted 
areas such as the one under study here, it 
is not unusual to find several periods of 
intrusion and/or volcanism represented. 

Much of the mineralization in the 
Basin and Range province has been con
sidered to be related in a general way to 
the igneous activity. However, only a few 
detailed isotopic and dating studies have 
so ught to verify specific associations 
(Stacey and others, 1968; Moore and 
others, 1968). 

From the brief preceding discussion 
it is apparent that the transition zone in 
lead isotopic composition between east
ern Nevada and western Utah roughly 
coincides with the westward disappear
ance of a continental basement, and the 
facies changes in the overlying sedimen
tary rocks. Other features such as the 
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structural complexities of the rocks re
sulting from Phanerozoic tectonism and 
the distribution of igneous rocks cannot 
yet be clearly related to this transition. 

ANALYTICAL TECHNIQUES 

All feldspar lead and uranium
thorium chemical separations were made 
using standard ion column procedures. In 
the case of lead, these were followed by 
an electroplating step. Feldspar lead was 
analyzed in the mass spectrometer using 
the single filament, silica gel method 
(Cameron and others, 1969) and galena 
was analyzed by the triple filament pro
cedure originated by Catanzaro (1969). 
All samples were analyzed twice in a 30 
cm radium, 68° sector mass spectrometer, 
yielding precisions of less than ± 0.1 per
cent for all ratios with respect to 204 Pb 
at the 95 % level of confidence. All 
isotope ratios have been normalized to 
absolute values by comparison with the 
NBS common lead standard SRM 981 
(Catanzaro and others, 1968) . 

PETROLOGIC RELATIONS 
AND ISOTOPIC DATA 

Very early in our study, it became 
apparent that the Gold Hill stock might 
be a composite intrusion formed from 
two different magma sources. K-feldspar 
was separated from samples of igneous 
rocks that were representative of the 
whole exposed area of the stock. Isotopic 
analyses were made on the lead from 
these feldspars, and the data were found 
to form two distinct groups (figure 2; 
table 2). These groups correspond to a 
geographical division in which the least 
radiogenic feldspars are from the north. 
Lead isotope analyses of galenas from 
across the district also suggest a north
south dichotomy (table 3; figure 2). 

These results prompted us to ex
amine more closely the assumption of 
earlier workers that the Gold Hill stock 
did , in fact, represent a single magmatic 
episode. ,Our suspicions that this might 
n?t be so were reinforced by a distinctly 
bImodal appearance of the hand speci
mens that also corresponds to the two 
different lead isotopic groups. Nolan (per
sonal communication) noticed this differ
ence ~n appearance during his original 
work m the area, but at that time there 
were no analytical techniques available to 
further differentiate the groups. In all as
~ects of the investigation, both in the 
~leld a~d th~ laboratory, this dichotomy 
In the mtruslve rocks became a prime ele
ment of the study. 

Nolan (1935) assigned a post-
Eocene , pre-Late Pliocene age to the Gold 
Hill stock because it metamorphozed the 
White Sage Formation and is overlain un
comformably by younger volcanic rocks. 
These observations were made in the 
northwest part of the stock and might 
not necessarily apply elsewhere. There
fore, in our study, K-Ar biotite and Rb-Sr 
whole rock analyses were made on some 
of the granitic rocks_to determine if an 
age difference exists between the north
ern and southern parts of the district. 
Two K-Ar biotite analyses yielded an 
average of 38.5± 1 m.y. for the northern 
quartz monzonite (table 4). Two samples 
from the south, however, yield an average 
K-Ar biotite age of 152± 4 m.y. (table 4). 
T h u s there are actually two stocks 
present in the district that have quite 
different ages, Jurassic in the south and 
Oligocene in the north. 

Whole rock samples from both 
intrusions, while having Rb/Sr ratios too 
low to provide meaningful ages, did 
define average initial 87 Sr/8 6 Sr values for 
the two groups. Whole rocks from the 
north have an initial 87 Sr/8 6 Sr value of 
0.715 ± 0.001 and those from the south 
yield 0.709 ± 0.001 (table 5, figure 3). 

The northern ore lead data, table 3 , 
exhibit a linear trend on each plot of fig
ure 2, which we interpret as indiCating a 
genetic relationship between all four sam
ples, a relationship typical for Area 1 
type ore lead derived from continental 
Precam brian basement. The least radio
genic of these ore samples is from the 
Garrison mine in the northeast corner of 
the district (figure 1). This ore lead itself 
belongs to Area I type, as does the feld
spar lead from the northern intrustion. 
However, the higher 207Pb/204 Pb and 
especially the higher 208 Pb/ 2 04 Pb ratios 
from the feldspars (figure 2) indicate that 
the ores cannot be directly derived from 
the northern stock. Thus it is not surpris
ing to find that none of the "northern" 
deposits is actually emplaced in . the 
northern intrusion itself. Rather, there 
seems to be a broad halo of hydro
thermally altered rock that extends for 
several kilometers east and north of the 
Gold Hill district. Only scattered por
phyry dikes offer evidence of igneous ac
tivity as far north as the Garrison mine . 

In the southern portion of the dis
trict, the lead isotope ratios from both 
ores and intrusive feldspars exhibit a 
homogeneous pattern that is typical of 
Area II type lead. Here indeed the ores do 
seem to be directly related to the intru
sion. In addition , because the southern 
ore data lie above the linear trend for the 
northern ores on each of the plots in fig-
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ure 2, no direct genetic relationship can 
be inferred from lead isotopes between 
the southern and northern ore deposits. I . 

The lead isotopic composition of sample 
42 is significantly more radiogenic than is 
the lead in the other southern feldspars 
(figure 4). This sample is situated close to 
the boundary with the Oligocene stock, 
and also close to the Rube mine that we 
associate withOiigocene mineralization. It 
would therefore seem that radiogenic lead 
in the total rock of sample 42 was re
distributed into the feldspar at the time 
of the Oligocene intrusion. 

The most probable location of a 
bo undary between the two intrusive 
bodies can be inferred from figure 4. The 
actual contact is apparently not exposed, 
but must closely follow the alluvium
filled wash that runs northeast from Gold 
Hill. In addition to the isotopic and radio
metric criteria distinguishing the two 
bodies, we have corne to recognize several 
petrologic features useful to field map
ping. The dominant rock in the northern 
body is a light-to-medium pinkish gray, 
medium-grained quartz-monzonite. It 
possesses a distinct mottling due to ferro
magnesium minerals. Not uncommonly, 
the quartz monzonite has suffered some 
deuteric alteration with the feldspars 
taking on a chalky appearance, and the 
hornblende and biotite altering to 
chlorite and sericite. As was noted by 
Nolan (1935), abundant aplite dikes are 
associated with the northern body but 
rarely continue beyond the margins of 
the intrusion into the country rock. 

Except for some local variants, the 
southern body is comprised of a med
ium to dark gray, medium-grained gran
odiorite. The distinctly deep violet color 
of the potassium feldspar in this rock is 
a diagnostic characteristic of the older 
intrusion. Although the same ferromag
nesium minerals hornblend and biotite, 
occur in both bodies, they are generally 
more abundant in the southern body. 
Unlike the mineralization accompanying 
the northern body, the major ore fluids 
here appear to have been confined to 
the intrusion and immediate wall rocks, 
which have been altered by contact met
amorphism. In the vicinity of miner
alized areas, extensive aureoles of silici
fied, sericitzed, and chloritized rock sur
round the ore deposits. 

J Although the shift in the 207 Pb/204 Pb ratios 
is comparatively small, this ratio is a very 
sensitive indicator of the genetic history of lead 
samples. In this case the difference shown in 
the lower plot of figure 2, toaether with the 
much larger difference in the 2 8 Pb/ 204 Pb in 
the upper plot of the same figure, precludes any 
direct relationship. 
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Table 2. Iso to pic analyses of so me feldspar leads from granitic rocks of the Gold Hill Stock , Utah 

Sample No . and Concen tra tions, ppm 
Latitude, Longitude 206£12 207£12 208~12 

Pb U Th 204 Pb 204 Pb 204 Pb 

Northern Group 

6 ~ - 2-I " 400 10.5'N, 113° 49 .5'W 58 .7 0 ,15 0.13 18.668 15.761 40 .028 

70-2+ 40° 1l .3'N , 113° 52 ,8'W 18.713 15.774 40.079 

S A-F 400 10.6'N, 113° 49,9'W 18.685 15 .726 39.908 

6-\-' 40° 11.3' N, 113° 50 .9'W 18 .658 15 .758 39 .996 

3gB-F 40010 ,3'N , 113° 49 ,2'W 18 .731 15 .772 40.075 

41+ 40° 09 .9' N, 113° 48.5'W 18 .9 15 15.791 40 .194 

Southern Group 

68-1-F 40° 9 ,6'N, 113° 49.5'W 43.0 0.65 1.69 19 ,537 15.812 40.170 

10-1-' 400 09 .8'N , 11 3° 48.6'W 19 .733 15.860 40.366 

13A+ 40009 .3'N, 11 3° 49 .9'W 19.645 15 .832 40.173 

15A-I 40004.5'N , 113° 49 .5'W 19.566 15 .841 40.230 

i 8-1-' 400 06 .6'N , 113° 49.l'W 19 .6 11 15 .838 40.302 

19+ 400 07.9'N , 113° 47.1'W 19 .568 15.812 40 .139 

4 2-\-' 40° 1 0. 8'N , 113° 48.9'W 19.976 15 .862 40.682 

Table 3. Lead isotope analyses of so me ore leads from Gold Hill , Utah 

Mine or Mineral Coord ina tes 206 Pb 207 Pb 208Pb 
Prospect Analyzed Latitude, Longitude 204 Pb 204 Pb 204 Pb 

N o rth e rn Gr o uQ ~ 

Garrison Cerussite 40° 14.7'N, 11 3° 50 .3'W 18 .670 15.707 38 .375 

Rube Ce russite 40° 10.9'N, 11 3° 48 .5 'W 19 .015 15.741 38 .856 
and galena 

Spo tted Fawn Galena 400 13 ,I ' N. 113° 50A'W 19 .325 15.776 39.060 

Dutch Mountain Galena Near Spotted Fawn 19.289 15 .756 39 .003 
prospec t 

S o uth e rn G r o up 

U. S. Mine Galena 40° 09A'N , 11 3r. 49 .8' W 19 .395 15 .8 14 39 .77 8 

Western Utah Plu mbo- 40° 09,7' N, 1 13c 48.3' W 19.435 15 .804 39 .860 
j:u osite 

Cyclone Galena 40° 04 ,5'N 11 3c 49 .5' W 19 .51 0 15 .8 12 39 .892 

Climax Galena 40° 08 .2' N, 113c 47.4 'W 19 .641 15.830 40.115 

Seminole Galena 40° 07 .0'N , Il 3( 49 .3' W 19 .724 15 .827 40.216 
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Table 4. K-Ar age data for biotite concentrates from four quartz monzonite samples from the Gold Hill Stock, Utah 

Sample No. 

Northern Group 

1. 70-2 

2. 6 

Southern Group 

3. 15A 

4. 18 

6.29 

7.95 

7 .. 73 

6.40 

* Ar 4 ° 
(10 -I 0moles/gm) 

3.499 78 

4.702 73 

17.93 93 

15.06 94 

0.00220 

0.00234 

0 .00919 

0.00932 

Age m.y . 

± 20 

37.4 ±1.3 

39.7±1.4 

151 ±5 

153 ±5 

Potassium determinations were made using flame photometer with a lithium internal standard. Constants used: K40 A = 0.585x10-10 yr-1 
E 

Atomic abundance: K40 = 1.19x10-4 * d· . A I) = 4 .72x10- 10yr-1 
ra logemc argon p 

Table 5. Rb-Sr analyses for 11 whole rock granitic samples from the Gold Hill Stock, Utah 

Sample Average K-Ar Sr Rb / Sr 
87 Rb 87 Sr 

Rb 
Age m.y. ppm ppm 86 Sr 86 Sr 

Northern Group 
a 1 

68-2 38.2 2 228 411 0 .555 1.61 0.7165 
70-2 38.2m 233 263 0.884 2.56 0.7155 
5A 38.2a 258 251 1.030 2.98 0.7172 
6 38.2m 

205 318 0 .646 1.87 0.7163 
Porphyries Intruding Southern Stock 

37 40° 10.1'N, 113° 49 .3'W 212 278 0.76 2.20 0.7161 

41 179 386 0.46 1.33 0 .7150 
Southern G rou p 

10 152a 172 694 0.247 0.715 0 .7111 
13A 152a 203 725 0 .280 0.61 0 .7115 
15A 152a 158 653 0.242 0 .70 0.7113 
18 152m 196 785 0.250 0.72 0 .7 104 
19 152a 168 791 0.213 0.62 0.7095 

Rb and Sr concentrations were determined by x-ray fluorescence measurements; isotopic compositions by mass spectrometry 
The (87 Sr/ 86 Sr) values were computed using the rubidium decay constant A = 1.42 X 10-11 yr· l 

a 1 = assumed age; m 2 = measured age. 

Table 6. Summary of data to compare characteristics of northern and southern components of the Gold Hill Stock 

Isotopic compositions of 
lead in feldspars from granitic rocks 
(excluding samples 41 and 42) 

Isotopic composition of 
lead in ore deposits 

K-Ar bio tite ages from 
quartz monzonites 

Granitic whole rocks (87 Sr/ 86 Sr) initial 
(Rb/ Sr) 

Northern 
Component 
(Oligocene) 

18.66 -18 .73 
15.73 -15 .77 
39.91 40.08 

18 .6 7 -19.32 
15.71 - 15.78 
38.38 -39 .06 

38 .5 ±lm.y . 

0.715 ±0.00 1 
0.56 -1.03 

Southern 
Component 
(Jurassic) 

19.54 -19.73 
15.81 -15.86 
40.15 40 .37 

19.40 -19.72 
15 .80 -15.83 
39.7840.22 

152 ±4m .y . 

0.709±0.001 
0.21 -0.28 

87 Sr 

86 Sr 

0.715 
0.714 
0.715 
0.715 

0.709 
0.710 
0.709 
0 .708 
0.708 

7 
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.720,-------,�-------.�------~1~------,1------~1~------~1----~ 
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• Samples from 38 myoid northern stock 

o Samples from 152 myoid southern stock 

(> Porphyry samples intruding southern stock 
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87Rb / 86 Sr 

Figure 3. Rubidium-strontium whole-rock data for 11 granitic samples. Note the separate groupings that yield different (87 Sr/8 
6 Sr) 

initial values ' O.7 IS ± .001 for the northern stock and 0.709± .001 for the southern stock . 

Perhaps the most striking feature a
long the contact zone is the occurrence of 
rounded xenoliths of a darker gran
odioritic rock; having the appearance of 
inclusions of the older southern unit } in 
the quartz monzonite of the northern 
body. These xenoliths, ranging in size 
from centimeters to tens of centimeters, 
increase in abundance as the con tact is 
approached, and seem locally to have pro
duced a hybridized rock by reacting with 
the younger magma. 

Various porphyritic dikes cut both 
the Oligocene and Jurassic intrusions, as 
well as the country rocks for some dis
tance beyond the border of the main 
plutons. Two prominent dikes of leu
cocratic granite porphyry were found in 
the contact zone between the two intru
sive bodies. The dikes cut the southern 
body and its adjacent wall rocks, but 

seem to follow a fracture system parallel 
to that of aplites associated with the 
younger, northern body (see figure 4). 

Samples of the two leucocratic por
phyry dikes were collected for isotopic 
study (Nos. 37 and 41). Lead isotope 
data for both samples show a northern 
association for the feldspar lead, although 
in Sample 41 there does appear to be 
some addition of a more radiogenic com
ponent. This suggests slight assimilation 
of southern-type material by the por
phyry as it intruded the southern body 
(see particularly the 208 Pb/ 2 0 4 Pb _20 6 

, 4 ' 
Pb/20 Pb plot of figure 2). Whole-rock 
rubidium-strontium analyses reveal that 
the Rb/Sr ratios of both samples are too 
low to be used for dating (see table 5). 
However, their 87 Sr 186 Sr ratios, plotted 
in figure 3, also support a genetic 
relationship with rocks of the northern 

group. As a consequence, we doubt that 
the eastern dike (locality 41) is associated 
with ore deposition in the Western Utah 
mine even though it is south of the 
boundary between the two stocks. A 
description of this dike in the under
ground workings of the mine is given by 
Nolan (1935), who contrasts its relatively 
unaltered condition with that of the 
granodiorite. This in turn supports our 
field and la bora tory 0 bservation 
indicating a postmineralization (i.e. post
Jurassic) age for the dike. 

LEAD ISOTOPE MODELS 

The plumbotectonics model of Doe 
and Zartman (1978) provides us with a 
generalized picture of lead isotope evolu
tion throughout geologic time. Isotopic 
evolution results from the radioactive 
decay of the isotopes of uranium and 



EXPLANATION 

[::=J Quaternary alluvium 

Upper Pliocene(?) volcanics 

Oligocene quartz monzonite 
Tp, porphyry dikes 

Jurassic granodiorite 

~ Carboniferous sedimentary rocks 

~ Lower Cambrian sedimentary rocks 

---- Faults--Dashed where inferred or concealed 

o 
I 

2 
I 

113°50'00" 
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I 

++++++++++++++++++++++++ 
+++++++++++++++++,1:+++++ 
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113°47 '30 
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4 KILOMETERS 
I 

Jo'igure 4_ Geologic map showing sample locations within the boundary zone between northern and southern stocks at Gold Hill. The map is from Nolan (1935). 
Northern samples: - feldspars; .ores;. feldspar from porphyry dike intruding southern stock. Southern samples: 0 feldspars; * ores. 
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thorium, but further constraints on re
sulting lead isotopic compositions are 
provided by orogenic mixing processes 
occurring in continental evolution. The 
model considers that new crustal material 
has been forming more or less contin
uously during the past 4 billion years by 
mixing portions of mantle and pre
existing crustal materials in orogenic 
environments. Newly formed crust is dif
ferentiated into lower crustal and upper 
crustal rocks, fractions of which sub
sequently become involved in further 
orogenies. 

The domains taking part in such 
continental evolution are the mantle, the 
upper crust, the lower crust, and the 
orogene. Since each domain maintains its 
ow'n limited range of uranium-to-lead and 
thorium-to-lead ratios, distinct evolution 
curves can be generated, and those calcu
lated by Doe and Zartman are shown in 
figure 5. The orogene curve corresponds 
approximately to the average evolution 
curve for many conformable ore deposits 
and granitic rocks throughout the world. 
Such evolution has been discussed by 
many authors as the concepts in lead 
isotope studies have developed. (c.L, 
Russell and Farquhar, 1960;Patterson and 
Tatsumoto, 1964; Russell, 1972; Gancarz 
and Wasserburg, 1977). 

Metamorphism of the continental 
crust causes uranium to be differentiated 
upward preferentially with respect to 
lead, increasing the production of 2 0 7 Pb 
and20 6 Pb isotopes in the upper crust. 
Consequently, in the 207 Pb/2 0 4 Pb _ 
20 6 Pb /2 04 Pb plot of figure 5, an average 
development curve for the upper crust 
lies above that of the orogene. Converse
ly, depletion of uranium in the lower 
crust retards the generation of 2 0 7 Pb and 
206 Pb, causing the curve for an average 
lower crust to lie below that of the oro
gene on the same plot. 

Thorium, however, is less affected 
by metamorphism than is uranium, and 
therefore the thorium-derived 208 Pb iso
tope is more equally partitioned between 
the upper and lower crust than are the 
uranium-derived isotopes 206Pb and 
2 0 7 P b. T h us , in fig u r e 5, the 
208 Pb/2 0 4 Pb _ 206 Pb/ 2 0 4 Pb crustal evo-
lution curves deviate from that of the 
orogene largely because of their changed 
206 Pb/2 0 4 Pb values. This causes the 
characteristic curve for the lower crust to 
lie above that of the orogene. In contrast, 
that for the upper crust may lie below the 
orogene curve as sho wn in figure 5. 

Stacey and Kramers (1975) showed 
that the development of conformable 
lead ore deposits and some granitic rock 
systems seem each to have followed ef
fectively single-stage 1 development since 

.0 
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o 
N 
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.0 
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co 
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15 Curve a. The mantle 

b. The orogene 

c. The upper crust 

d. The lower crust 

Line e. Secondary 
isochron 

141L1--~~1L3------1L5----~1L7-----1~9------~2-1-----2~3----~25 

206Pb/ 204 Pb 

Figure 5. The generalized lead isotope evolution curves generated by the plumbotectonics model of 
Doe and Zartman (1977) . The straight line (e) on each plot represents a secondary isochron formed 
by ore data taken across a mining district in an Area type I environment. The slope of the line in 
the lower graph is a function of both the age of the basement rocks and the time of mineralization. 
Fields are also shown for modern lead isotopic compositons for Areas type I, II and III of Zartman 
(1974 ). 

about 3.7 b.y. ago until the time of their 
final emplacement. The significance of 
the 3.7 b.y. figure is that it probably 
marks the beginning of formation of the 
permanent crust. Although there may 
have been a continuum of uranium to 

1 The term "single-stage" is taken to indicate a 
rock system which is closed with respect to 
uranium , thorium and lead since the time of its 
form ation . 

lead (J..L) ratios for the world-wide orogene 
development, an average J..L of 9.74 is in
dicated over the past 3.7 b .y . It was to 
this average curve that the pI urn bo
tectonics orogene curve was originally fit
ted quite closely. Since the single-stage 
curve , generated entirely by radioactive 
decay, is easier to manipulate mathemat
ically than the combination of mixing 
and decay processes in plumbotectonics , 
we have used the Stacey-Kramers curve as 
a basis for constructing a mUlti-stage 
model to explain the data from the Gold 
Hill region. 
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At the time of orogenesis a lead 
sample may become incorporated into 
either the upper or lower crustal rocks 
and the 11 value of its new environment 
(11 2 ) may then differ radically from 9.74, 
and a second stage of lead isotopic devel
opment begins. After passage of a further 
period of geologic time (several hundred 
million years), a lead sample will have an 
isotopic composition which, relative to 
the average growth curve, will be diagnos
tic of the nature of its second stage of 
evolution. If the data point lies below the 
growth curve then 11 2 > 9.74, and we 
would attribute this to residence in the 
lower crust . However if the data point lies 
above the growth curve, then 112 >9.74 
and an upper crustal residence is inferred 
for the period of its second stage of devel
opment. 

One can envisage that subsequent 
uplift and erosion might involve the lead 
sample in another orogenic event that 
would provide a third stage of develop
ment , in which the uranium-lead ratios 
might assume yet a third value, 11 3 , Again , 
after passage of further geologic time, the 
lead isotope composition would have 
evolved, but the relative values of 
207Pb/ 204 Pb and 206Pb/ 204 Pb could 
still be quite definitive of its history . 

In p rocesses of ore formation, 
fluids containing lead with a homo
geneous isotopic composition from an 
igneous source may traverse local base
ment rocks. In doing so these fluids are 
likely to become increasingly contami
nated by a radiogenic lead component 
leached from those rocks as they travel 
outwards and upwards. "Near source" 
deposits remain comparatively unchanged 
in lead isotopic composition, but in 
smaller "far-from-source" deposits, this 
radiogenic component may be quite sig
nificant. In continental, Area I type envi
ronments where old basement rocks exist , 
the data from such a suite of samples 
across anyone mining district often form 
a linear secondary isochron on each of 
the 207 Pb/ 2 0 4 Pb _ 206 Pb/2 04 Pb and 
20 a Pb /2 04 Pb _ 206 Pb/ 2 04 Pb plots (see 
figure 5) . In the lower plot, the slope of 
the line is a function of both the age of 
the basement rocks and the time of 
mineralization. In the upper plot it is a 
function of the thorium - uranium ratio 
of the basement rocks (for further dis
cussion of secondary isochrons, see 
Stacey and others, 1968, p . 800). We 
envisage such a process for the formation 
of the linear arrays for the northern ore 
lead data at Gold Hill. 

DISCUSSION 

The main isotopic characteristics of 

the igneous rocks and ores from the two 
parts of the Gold Hill district are sum
marized in Table 6. Several conclusions 
can be immediately drawn from these 
data . (1) The Gold Hill stock is really 
comprised of two different intrusions , 
differing in age by more than 100 m.y. 
To the south the stock has been' shown to 
have a 152 ± 4 m .y., or Jurassic , age, 
while a 38 ± I m.y ., or Oligocene , age 
obtains to the north. Both lead and stron
tium isotopic measurements indicate dif
ferent source materials were involved in 
the formation of each of these bodies. (2) 
Since, in the Jurassic intrusion, the galena 
and feldspar leads have similar isotopic 
compositions, we conclude that the ore 
fluids were directly related to the igneous 
rocks, and mineralization probably took 
place during or shortly after emplacement 
and solidification of the magma. (3) The 
galena lead associated with the northern 
Oligocene intrusion however, has isotopic 
ratios that define trends distinctly dis
placed from the feldspar lead of that in
trusion, especially on the 20 a Pb/ 2 

0 4 Pb vs 
206 Pb/ 2 0 4 Pb graph of figure 2. 
Therefore, the ore lead cannot be 
straightforwardly derived from, or even 
mixed with material identical to that pro
ducing the igneous rock. It seems even 
less likely that the northern ore lead 
could be derived from the more radio
genic Jurassic lead. We do note however 
that the linear trend exhibited by the 
northern ore lead on the 207 Pb/ 2 

0 4 Pb vs 
206 Pb/ 2 

04 Pb plot is a direct extension of 
the Oquirrh Mountain data from 100 km 
east of Gold Hill (see figure 6). Also, the 
radiometric age of the Last Chance stock 
at the Bingham Canyon mine, Oquirrh 
district is 38 m.y . (Moore and others, 
I 968), and was therefore contempo
raneous with the northern intrusion at 
Gold Hill. 

Before proceeding with model cal
culations, a brief account of the crustal 
development in this region seems desir
able. The existence of 1600 to 1700 m.y. 
old basement rocks in Wasatch Mountains 
and elsewhere in central Utah has been 
verified by Damon and others (1966) and 
Hashad (1964). Further east in the Uinta 
Mountains (Hansen, 1965 ; Stacey and 
others, 1968), and to the north in the 
Raft River and Grouse Creek Ranges 
(Compton and others, 1977) , an abrupt 
transition occurs to rocks of 2400 m .y. 
and older age. This terrane of Archean 
rocks (designated as la on figure 1) with 
an average age of 2700 m.y. represents an 
early period of cratonization to form con
tinental crust. As we shall demonstrate , 
its presence to the east and north has left 
an indelible imprint on the lead isotopes 
in the vicinity of Gold Hill. 

1J 

The souther Jurassic intrusion and 
related ore deposits at Gold Hill have the 
most radiogenic lead isotopic composi
tion found in this study, and can be 
clearly identified as characteristic of Area 
II (see figure 2). The composition of the 
least radiogenic feldspar lead is 
206 Pb/2 04 Pb = 19.54 and 207 Pbj2 04 Pb 
= 15.81 . According to our interpretation, 
this lead has developed in an upper crust
al environment with an almost constant 11 
value of approximately 12 since Archean 
time 2700 m.y. ago. The calculated values 
indicated by the model are: III averaged 
9.74 from 3700 to 2700 m.y. ago, 112 = 
11.7 for the period 2700 to 1650 m.y., 
and 11 3 = 12.1 for 1650 to 152m.y.ago . 
During Phanerozoic time the preexisting 
crystalline basement rocks were trans
ported as miogeosynclinal sediments into 
the Cordilleran geosyncline . In the pro
cess, a rather thorough mixing of detritus 
effected an isotopic homogenization, but 
did not appreciably alter the mean 11 
value. In reality , little detail of the geo
logic history of the precursor materials 
has survived, but evidence of their long 
residence in the upper continental crust 
has been firmly imprinted in the high 
2 0 7 Pbj2 0 4 Pb ratios of the southern 
leads. 

At the time of cratonization of the 
Archean crust, uranium, thorium, and 
lead were partitioned between lower and 
upper crustal rocks in such a way as to 
produce 11 values of appreciably less than 
9.7 in the lower crust and greater than 
9.7 in the upper crust. Subsequently, 
much of the Archean upper crust was 
eroded, and it became a dominant com
ponent of sediments being deposited 
south westward into a Proterozoic oro
ge n e. These sedimentary rocks were 
themselves eventually cratonized to form 
upper and lower crustal rocks, perhaps at 
various times, but in particular at about 
1650 m.y. ago throughout the area of 
interest. The cycle was repeated again 
in Phanerozoic time, to shed material into 
the Cordilleran miogeosyncline west of 
the Utah-Nevada border. Here, near the 
edge of the orogene , the sediments were 
again dominated by a continental crustal 
component, this time derived from both 
the Archean and Proterozoic terranes. 
Finally , Mesozoic and Cenozoic igneous 
activity formed the intrusive rocks and 
their associated mineral deposits , reflect
ing in their lead and strontium isotopic 
composition the nature of the contribut
ing source materials . In table 7 and figure 
6 we present a multi-stage lead isotop 
model that uses the average growth curve 
of S t ace y & K ram e r s (1 975 ) for 
quantitative interpretation. 
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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 tha t 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 Oquirrh Mountain 
secondary isochron in the 201 Pb/ 2 04 Ph 
vs 20/1 Pb/2 04 Ph 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 
t r end 0 f the northern da ta in the 
208 Pb/ 2 04 Ph vs 206 Pb/ 2 0 4 Ph 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 crusta) 
environment where /13 = 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 
20/1 Phj2 04 Ph 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, 
20 8 Ph, 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 /1 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 intrust ion the 2 32 Th/2 04 Ph 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 
208 PbF 04 Pb vs 206 PbF 04 Ph 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 87 Srr 6 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 8 7 Sr 18 

6 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, 
1 977). S u c h 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 consensus exists 
that 87 Sr/ 8 

6 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 87 Sr 186 Sr ratio 
than the northern intrusion. But this ex
pectation is not borne out by either the 
initial isotopic composition or by the 
RblSr 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 RblSr 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 RblSr ratio (see table 5 and figure 3). 
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Meadow near the headwaters of the Weber River above Smith and Morehouse Reservoir, Summit County . Unnamed 
peak in center is 10,369 feet (3,168 meters) high. Sparse snow cover remaining in early June 1976 reflects the begin
ning of the warm dry spring and summer of 1976 which then led into the extreme drought of 1976-77 . 

Photo by J.H. Rathbone 



WIND TIDES OF THE GREAT SALT LAKE 

ABSTRACT 

Essential features of hydrographic 
and met e oro logical 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 importanc~ 
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 in;ludin~ 
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 
I) is the remnant of Lake Bonneville 
which probably went through more tha~ 
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 ~ax
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. 
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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
s p ortation 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
mine d. 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 
t hr 0 ugh 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 
com p rehensive 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 
at m 0 s p h e ric conditions at eleva tions 
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 
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approach the lake from the northwest 
(see figure 3 b) ; therefore, the storm front 
usually moves over the lake stretching in 
a north-to-south direction. Such a front is 
al ways preceded by strong southerly 
winds blowing parallel to the front line. 
Behind the front , the wind intensity is 
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reduced substantially, and the directions 
of the wind become less predictable. This 
seq uence of events is shown in the wind 
and pressure data of figure 3a and 3b. 
The prefrontal southerly wind is peculiar 
to the general area of northern Utah, be
cause as a front approaches the lake, the 
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Figure 3a . Selected magrigram in the South Basin of Great Salt Lake and associated 
me teorological records, January 1969. 
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center of the lowest pressure is usually 
situated somewhere in southern Idaho or 
Wyoming. 

Local thunderstorms and local low 
press ure systems are all capable of 
generating major wind tides , but not as 
effectively as the winter frontal storms. 
Local thunderstorms consist of storm 
cells with diameters that range from 5 to 
30 miles; a squall line consists of a series 
of s u c h cells. A typical feature of 
thunderstorms is that the wind direction 
is unpredictable. A wind tide generated 
by a thunderstorm is depicted in figures 
4a and 4 b. 

HYDROGRAPHIC ASPECTS 
OF WIND TIDES 

The nature of the wind tides on the 
Great Salt Lake is determined from a 
study of the hydrographic records, in 
conjunction with the associated meteoro
logical records. While records of the lake 
levels have been measured by the U.S . 
Geological Survey, Salt Lake District 
Office at Silver Sands since 1939, the 
station at Promontory Point was not in
stalled until 1968. The authors have 
selected for this study 25 episodes that 
show prominent wind tides that occurred 
from 1968 to date. Figure 3a and 4a 
present two typical episodes of major 
wind tides . 

Each lake has its own inherent 
system of long waves . Once the geometry 
of a lake , including its depth , shape, and 
bottom topography, has been set , the 
system of long waves is fixed . The under
lying principles that describe the normal 
modes are analogous to the other vibra
tion systems in the physical world. Just as 
the natural frequency of a pendulum is 
dependent upon its physical make-up, the 
natural frequency (of a normal mode) of 
a lake depends on the wat er depth, shape , 
and bottom topography of the lake . The 
system of long waves includes an infinite 
number of species of waves , usually called 
the normal modes ; the fundamental mode 
refers to the wave with the longest wave 
length. Theoretically, it can be shown 
that the fundamental mode is easier to 
excite and more difficult to damp out 
than any of the normal modes. In prac
tice one can often observe the funda
mental mode bo th during surging and 
seiching. Before the construction of the 
railroad causeway, the period of the fund
amental mode was closer to 9 .0 hours 
(Lin, 1976) ; after the construction of the 
causeway , the period of the fundamental 
mode of the South Basin is 6.0 hours . 
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Figure 3b . Typical radar echo, associated with wind tide example 1. 
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computation will also reveal the associat
ed currents and the relative range of oscil-

45 lation at all the other points on the lake. 
The first three modes of the South Basin 

30 were computed; their periods were found 
to be 5.43, 2.09, and 1.53 hours (Wang, 
1977) . (These computations were carried 

15 out without any consideration for the 
bottom resistance). Inspection of figures 
3 and 4 shows that there is a 6-hour wave 
component instead of the 5.43 hour comL-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ O 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ponent ~ computed. Spectr~ an~y~s 
(Wang. 1977) actually shows that the 
three major modes have periods of 6.33, 
3.13 and 1. 79 hours respectively. This 
discrepancy can be accounted for by the 
bottom resistance factor (Lin, 1976 ; 
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For the episodes selected, the lake 
level at Silver Sands at the climax goes 
up by at least one foot and may go as 
high as two feet above the mean level of 
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the lake ; the corresponding lake level at 
Promontory Point then goes down by 
about 80 percent of the rise at Silver 

60 Sands. Whatever the storm pattern on the 
lake, a definite ratio for the range of lake 
level fluctuations between Silver Sands 
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In fact, the relative range of wind tides 
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Given the shape, a water level of 
4200 feet, and the bottom topography of 
the South Basin, the relative range of the 
seichlng can be computed fairly accurate
ly; the results for the fundamental mode 
are presented in figure 5. The ranges of 
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865 of seiching is practically negligible. The 
sloshing motion also has an associated 
oscillatory current pattern , as is shown in 
figure 6. 
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Figure 4a. Selected magrigram in the Sou th Basin of Great Salt Lake and associated 
me teorological records, May 1970. 
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A typical wind tide episode usually 

begins with a wind blowing from the 
south. To create a wmd tide of major 
magnitude , wind speeds must exceed 10 
knots for at least 12 hours. This general 
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rule was found to hold consistently for 
the 25 wind tides selected for analysis in 
this paper. As the wind continues to work 
on the surface of the lake, the surface of 
the lake begins to pile up (wind set-up); 
the lake level becomes lower at Silver 
Sands and at the same time higher at 
Promontory Point. When the wind stops, 
or drops below 10 knots, the seiching 
phase begins and then the sloshing 
motion follows as the lake gradually re
sumes its normal levels. The seiching 
phase usually lasts for about two days. 
Several such wind tides may overlap one 
another. 

CONCLUSIONS 

Wind tides on the Great Salt Lake 
occur frequently and involve considerable 
energy. The resulting sloshing motion is 
most effective for transporting bottom 

materials and thus creating and recreating 
the bottom topography and beach struc
tures of the lake. This motion may also 
upset the balance of two-layer brines in 
the south basin. The effect of forces of 
wind on the water level may accentuate 
the temporary differences in lake levels 
between the two sides of the railroad 
causeway and result in extremely strong 
currents under the culverts , moving rock 
fro m t he causeway foundations and 
possibly clogging the culverts. 

Two feet of flooding must be ex
pected along the south shores as a con
sequence of wind tides, in addition to 
free board designed for regular wind 
waves. Any installation of beach facilities 
must consider this flooding. The full im
pact of the waves on the slope stability of 
embankments on the lake has yet to be 
assessed. 

/ 
/ 
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Most modelling that has been done 
on the Great Salt Lake in connection 
with its water and mineral balances has 
not considered the implications of wind 
tides. Considering their importance to in
dustry and the State of Utah, additional 
study is warranted. 
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Petrolgyphs in Nine-Mile Canyon, Uinta Basin, dating from the Fremont culture, approximately 400 - 800 A.D. 

Photo by UGMS Staff 



ABSTRACT 

The behavior of manganese, 
molybdenum and selenium in the Great 
Salt Lake was investigated. These ele
ments occur in streams, both 
from natural and industrial origins. The 
brines and sediments of the Great Salt 
Lake were sampled and to deter
mine the disposition of the elements in 
the lake. It was found that manganese, 

and selenium are not con
centrating in the brines as are other 
soluble salts but are being 
into the sediments. 

INTRODUCTION 

The behavior of copper, zinc, cad
mium, mercury, lead, and arsenic ions in 
Great Salt Lake brines was m'rest1g;ate~d 

during the summer of 1976 and reported 
in the spring of 1977 
Hutchinson, and 1977). To assist in 

the behavior of these ele
ments, gravity, temperature, 
carbonate, bicarbonate, dissolved oxygen, 
and soluble sulfide concentrations were 
measured. In it was concluded 
that heavy metals do not concentrate in 
the brines as soluble salts but are pre
cipitated to the sediments, with 
clays, organics, and carbonates. 

included in the original 
gation but determined to be 
of interest are the elements manganese, 
molybdenum and selenium. 

IN THE GREAT SALT LAKE 

Paul L. 

thc'r"trH'" is widely found associated with 
man and his waste materials. Minute 
quantities of manganese are also 
solubilized in mineral pn)ct~ssing 
copper ore flotation. The 
drains the Magna industrial 
Great Salt Lake contained average of 
.1 during the 1970 to 1975 
period (Utah State Division of Health 
1 970-1 974). 

Mc)lybdlemlm is a 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 concentrate 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 streams are not avail
able. 

Selenium is also a by-product ot 
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-

and also in in-
dustrial waste streams. Analysis of 
streams flowing into the Great Salt Lake 
indicates concentrations from .001 to 
.003 in the streams and .018 
in the industrial C-7 ditch (Utah Division 
of Health 1970-1 

PROCEDURE 

Mineral Survey research tower. The sam
ple station locations are identified in 
ure 1. 

Samples were taken, with pump, 
near the surface, at intermediate level 
and near the bottom of each sampling 
site. Also, sediment samples were ob
tained at each site 1). Due to the 
high salt content of the "all! I-'Il"''' , 

necessary to routine 
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 Hutchinson, and Muir, 
1977). 

The were both for 
total and dissolved concentrations of 
manganese, molybdenum, and selenium. 
For total concentration the was 

as received 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 that pass through the 
filter. 

RESULTS 

The results for man-
ganese, molybdenum, and selenium both 
on the filtered and unfiltered portion 
the samples collected are reported 

depth 
described great detail in Geology 

Hutchinson, and Muir, 1977). 
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Table 1. Samples taken for Kennecott Copper Corporation by the Utah Geological and Mineral Survey 

Station Location and No. Depth 

1. ESE of American Salt Intake about 4 miles surface 

2. 300 feet N. of Black Rock 

3. Research tower 

4. Canal N. of Silver Sand Marina 

5. N. end of C-7 Ditch 

6 .. 75 mile N. of Hardy Salt Intake 

7. 4 miles N. of Hardy Salt Intake 

8. 2.5 miles S of Ant. lsI. S. tip 

9. 2 miles W of Mollies Nipple Ant. Is . 

the average manganese, molybdenum, and 
selenium concentrations in major inflow
ing streams and in the Magna area indus
trial and residential discharge (C-7 ditch) 
into the Great Salt Lake. 

The bulk of the Great Salt Lake 
waters are characterized by the man
ganese concentrations in the surface and 
intermediate layers. In these layers the 
manganese concentration is below the 
level of detection of .005 mg/Q or 5 parts 
per bIlllOn and IS below the concentration 
found in inflowing streams and particular
ly in industrial and residential discharges 
into the lake. The lake is concentrating 
soluble salts in its waters naturally; how
ever, since manganese concentrations are 
below that found in inflowing streams , a 
self cleansing mechanism must be operat
ing which has been effective for both 
natural and man-caused inputs. A similar 
effect, found for other metals studied 
previously , was attributed to co-

15 ' 
30'7" bottom 

1 sample of bottom muds 

surface 
5'6/1 
II' bottom 

1 sample of bottom muds 

surface 
12'9/1 
25'8" 

4 sample of'oottom muds 

Surface 
7'8" 
15'6" bottom 

1 sample of bottom muds 

surface 
3'6" 
7' bottom 

1 sample of bottom muds 

surface 
7' 
14'3/1 bottom 

1 sample of bottom muds 

surface 
II' 
22'3/1 bottom 

1 sample of bottom muds 

surface 
13' 
25'6/1 bottom 

1 sample of bottom muds 

surface 
16' 
32' bottom 

1 sample of bottom muds 

precipitation with clays, organics, and 
carbonates which are constantly pre
cipitating to the lake floor. This conclu
sion is supported by the high concen
trations of these metals found in the lake 
sediments. 

Although the concentration of 
molybdenum in the lake is below the de
tection level in all layers in the lake, 
significant concentrations are found in 
the sediments. It is evident the 
molybdenum is also being precipitated 
from the brime. 

Selenium is detectable in all brines 
in very low concentrations. Relative to 
the lake water concentrations the amount 
of selenium in the sediments is small. 

CONCLUSIONS 

The average concentration of man
ganese, molybdenum, selenium, sodium, 
and chloride for inflowing streams and 

Temp. FO Specific Gravity 

46 1.082 
44 1.084 
52 1.180 

48 1.080 
45 1.082 
45 1.082 

47 1.084 
44 1.084 
47 1.174 

50 1.078 
44 1.084 
45 1.084 

49 1.080 
48 1.082 
46 1.086 

47 1.080 
44 1.082 
44 1.082 

48 1.080 
44 1.084 
44 1.086 

47 1.080 
44 1.084 
47 1.176 

45 1.084 
43 1.084 
52 1.182 

lake waters is give in table 4. The concen
tration factor for these parameters in the 
lake water is also given. 

The concentration factors indicate 
the degree to which the concentration of 
various elements over background has 
occurred during the life of the present 
lake. Further, since the average inflow of 
water to the lake on a yearly basis is 
about 1/10 of its volume, the concentra
tion factor can also be interpreted as the 
number of decades required to bring the 
lake to its present salt and metal concen
trations if precipitation did not occur. As 
the lake is thousands of years old and it
self the result of desiccation of a sub
stantial portion of old lake Bonneville, 
the relatively few years of input required 
to bring the lake to the concentration of 
manganese and selenium to present levels , 
18 and 25 years respectively, compared 
with 3,000 years for sodium and chloride, 
is indicative of the rapid precipitation of 
these elements relative to more soluble 
salt. 
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Table 2. Analytical results for Manganese , Molybdenum and Selenium on filtered and unfiltered portion of samples described in Table 1. 

(All Values ppm) 

Station No Depth Manganese Molybdenum Selenium 
,in feet Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered 

0 <.005 <.005 <.010 <.010 .005 .005 
15 <.005 < .005 <.010 <.tHO .003 .005 
31 .060 .210 <.010 < .010 .003 .010 

Sediment 150. 88 . 0.33 

2 0 <,MS < .005 <.010 < .010 .003 ~007 

6 <.005 <.005 <.010 < .010 .005 .014 
11 .010 .020 <.010 < .010 .005 .007 

Sediment 80. 29. 0.16 

3 0 < .005 <.005 < .010 <.010 .003 .025 
13 <.005 <.005 < .010 <.010 .003 .010 
26 .040 .190 <.010 < .010 .005 .025 

Sediment 150. 70. 0.33 

4 0 <.005 < .005 < .010 <.010 .007 .014 
8 < .005 <.005 <.010 < .010 .007 .010 

16 .010 .010 <.010 < .010 .005 .017 
Sediment 265. 43. 0.16 

5 0 < .005 <.005 <.010 < .010 .007 .014 
4 <.005 <.005 < .010 < .010 .003 .010 
7 .010 .010 <.010 .014 .005 .021 

Sediment 80. 24. 0.16 

6 0 <. 005 <.005 <.010 < .010 .005 .007 
7 < .005 < .005 < .010 <.010 .014 .014 

14 .010 .010 < .010 < .010 .007 .014 
Sediment 245 . 28. 0.33 

7 0 < .005 < .005 <.010 < .010 .007 .010 
11 < .005 < .005 < .010 < .010 .005 .007 
23 .010 .050 < .010 < .010 .005 .007 

Sediment 210. 17. 2.10 

8 0 <.005 < .005 < .010 <.010 .005 .007 
13 < .005 <.005 <.010 <.010 .007 .007 
26 .100 .230 < .010 <.010 .014 .014 

Sediment 270. 26 . 0.66 

9 0 < .005 <.005 < .010 <.010 .007 .007 
16 < .005 <.005 <.010 < .010 .007 .007 
32 .080 .550 <.010 <.010 .014 .0 14 

Sediment 125. 32. 1.7 
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Table 3. Average concentration of Manganese, Molybdenum, and Selenium at five levels in Great Salt Lake , in major in fl owing streams, and in th e 
Ma gna Area industrial and residen tial discharge. 

Depth Manganese Molybdenum Selenium 
ppm ppm ppm 

Surface 
Dissolved < .005 < .010 .005 
Total < .005 < .010 .011 

Intermediate 
Dissolved < .005 <.010 .006 
Total <.005 <.010 .010 

Bottom (above deep brine layer) 
Dissolved .010 <.010 .005 
Total .020 <.010 .013 

Bottom (below deep brine layer) 
Dissolved .070 <.010 .009 
total .295 < .010 .016 

Sediments 
Above Deep Brine layer 175. 28. 0.58 
Below Deep Brine Layer 175. 54. 0.76 

Major Infla,ving Streams .005 .002 

Magna Industrial Flow (C-7 ditch) .175 .018 

Table 4. Average concentration of Manganese, Molybdenum, Selenium, Sodium and Chloride in stream inflow in Great Salt Lake. 

Parameter Stream Inflow 

Manganese .005 
Molybdenum 
Selenium .002 
Sodium 300. 
Chloride 490. 

I t appears that the manganese, 
molybdenum, and selenium are being 
continuously precipitated along with or
ganic material, clays, and carbonates into 
the sediments of the lake and as a result 
large concentrations of toxic metals are 
not found in the lake waters . This con
curs with the findings of the other 
metallic elements as reported in the pre
vious article (Tayler, Hutchinson, and 
Muir 1977). 

ppm Lake ppm 

.009 
< .010 

.005 
85,700 . 

147 ,000. 

Concentration Factor 

1.8 

2.5 
285 . 
300. 
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Oil-impregnated high angle reverse fault in dark red, earthy Entrada Sand
stone, north of Sweetwater Rim, NEv.. section 33, T. 26 S., R. 14 E., Emery 
County. Fault is seen in cross section from lower left to upper right. Geologist 
is seated on fault trace. Oil (and probably natural gas) moving up the fault 
zone and outward into permeable layers of the sandstone have bleached the 
dark red color to tan and white. The fault coincides with a sharp flexure 
which is seen at lower left. Beds are flexed opposite to that expected for a 
fault of this type. Displacement is estimated to be about 80 feet (25 meters). 

Photo from 35mm color slide by H.R. Ritzma 



Although 
Creek in eastern Beaver County is shown 

the Map of the State Utah 
to comprised 

Sevier River Formation, field 
gation revealed variety of 
types, mostly igneous. In 
thermal poteJltial 
phurdale to the a ge()10g1C 
correcting this discrepancy would be of 
vital interest to companies exploring the 
geothermal potential the area. A pre-
liminary geologic map the Wildcat 
Creek area 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 4 x km (8 x 
14 It is dominated by series 
north ridges and washes, influ-
enced by Basin and Range block U""'UH,F" 

and by a line of silicic lava domes. The 
following rock types are found: 

Granite 

Granitic rocks 
in the southern part 
extend northward 
outcrops form rounded boulders; grus is 

and in areas of thick soil 
the of granitic 

by the 
consistency of the soil and occasional 
round cobbles. Composition 
ranges to 

xenoliths. 

on Gillies Hill 
resorbed 

Dacite and Andesite 

Intermediate extrusive rocks pre-
dominate in the of the area. Rock 

include andesite and dacite. Alter
ation is locally extreme. Large areas of 
aphyric rocks up to hundreds of 
meters but generally tens of meters wide 
and containing quartz veins and stringers 
occur within the and dacite. The 
occurrences of felsitic rocks are adjacent 
to the rhyolite domes, perhaps ll1Cllcatlng 
an association with the rhyolite erup-

The contacts of these altered rocks 
are highly variable and gradational and 
hence were not mapped. 

Tuffs 

In the middle the l"aUIJ~Al area 
marble 

the surrounding 
dacite and andesite. The origin and age of 

bodies unknown. 

Quaternary alluvium 

practically all can easily be sepa
rated into older and younger deposits. 
Older alluvium has flat erosional surfaces 
distinctly above the present 

(such as The tlOgD,lCK 
alluvium is found in the present drainage 
system, predominately Wash 
and the Wildcat Creek It 
appears that the two distinctly separate 
occurrences of alluvium reflect rejuve-
nation due to 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 the 

if 
the Mineral Mountains, cropping 

mere two kilometers to the west, 
have been assigned several ages. Arm
strong ( 970) determined a K-Ar age 

using biotite. Park ( 968) 
muscovite 
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Figure 1. Preliminary geologic map of the Wildcat Creek area. 
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Haugh - Preliminary Geologic Map of the Wildcat Creek Area, Beaver County 

fore the K-Ar ages cited above must be 
considered as minimal dates for the plut-
on. 

Silicic alteration of the andesite and 
dacite in contact with the granite in
dicates intrusion of the granite into 
andesitic country rock. This relationship, 
which suggests the andesite and dacite are 
older than the granitic material, is corrob
orated by ages of other nearby inter
mediate extrusive rocks which range be
tween 17 and 34 m.y. (Stewart and 
Carlson, 1976). 

More recent silicic volcanism has 
also produced alteration of the dacite and 
andesite. Rhyolites 25 kilometers to the 
north have been dated at 0.4 to 2.2 m.y. 
(Lipman and others, 1977). The rhyolite 
domes in the Wildcat creek area likely fall 
within this age range. 

Structural relations indicate the 
basaltic flows and cones are the youngest 
of the indurated rock units. Within the 
area the oldest basaltic flows are no more 
than one million years (Clark, 1977). 
Ages of morphologically similar basalt 
flows in the Black Rock Desert, 50 kilo
meters to the north, have all been found 
to be less than 1 million years old 

(Hoover, 1974). However, the inclusion 
of basalt xenoliths in the Gillies Hill rhyo
lite and the range of ages given for the 
rhyolite suggest that there may be an 
overlapping of ages of rhyolites and 
basalts. 
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Oil seep in Elaterite Basin, Wayne County, in the northeast part of the giant Tar Sand Triangle oil sand deposit. 
The seep of oil emerges from a deeply recessed bedding plane in the Permian White Rim Sandstone where it is 
intersected at near right angles by a zone of closely spaced joints. The joints are parallel to the knife handle. 

Seeps of this sort are commonly activated by ground water circulating through the permeable sandstone. During 
dry periods the seep may cease to flow and become inconspicuous. The outflow often becomes covered with a 
film of wind-drifted silt and sand and may only become apparent when stepped in by an unwary geologist. 

Photo from 3Smm. color slide by H. R. Ritzma 



GRAVITY STUDY OF THE FUMAROLE BUTTE AREA , 
JUAB AND MILLARD COUNTIES, UTAH 

Timothy B. Smith l
, Kenneth L. COOk2, and Wayn e J. Peeples 3 

ABSTRACT 

A gravity survey was made in 1973 of 
the Fumarole Butte area, including the 
Crater Springs KGRA (Baker Hot 
Springs), located approximately 39 km 
(22 miles) NW of Delta, Utah. About 500 
stations were taken as part of a study of 
geothermal exploration techniques. The 
region of investigation includes portions 
of both Juab and Millard Counties and 
incorporates parts of the Desert, Mc
Dowell and Drum Mountains. 

A simple Bouguer gravity anomaly 
map was computed and two-dimensional 
geologic models were prepared for two 
east-west gravity profiles. The analysis of 
the gravity data, in conjunction with the 
known geology and the results from other 
geophysical studies, led to the following 
interpretations: 1) the indication of two 
buried intrusive bodies - one a north
north westward-trending dike lying be
neath the Baker Hot Springs and the 
eastern margin of the Fumarole Butte 
lava flows and another several miles 
southwest of Desert Mountain; 2) the 
delineation of previously ' unpublished 
Basin and Range faults and associated 
grabens; and 3) the existence of a base
ment flexure with postulated fractures 
that served as conduits for the upwelling 
magma to reach the surface at Fumarole 
Butte. 

INTRODUCTION 

Location 

During the summer and fall of 1973, 
a gravity survey was conducted in the 
area over and adjacent to Fumarole 
Butte, located approximately 39 km (22 

1 Formerly Graduate Student , University of 
Utah , Salt Lake City , Utah 84112 

2 Department of Geology and Geophysics , 
University of Utah, Salt Lake City, Utah 
84112 . 

3 Formerly Department of Geology and Geo
physics, University of Utah, Salt Lake City, 
Utah 84112, now Department of Geological 
Sci e nces, Sou them Methodist University, 
Dallas, Texas, 75275. 

miles) northwest of Delta , Utah, in south 
central Juab County . The total region of 
investigation encompasses the area from 
Township 12 South to Township 15 
South, and from Range 6 West to Range 
lOWest, Salt Lake Base Meridian (figures 
1 and 2) . This region includes portions of 
both Juab and Millard counties and in
corporates parts of the Desert, McDowell, 
and Drum Mountains. 

Figure 1. Index Map of Utah showing survey 
area. 

Baker Hot Springs, which lie on the 
eastern margin of Fumarole Butte, have 
been designated variously as "Crater 
Springs" on the Army Map Service Topo
graphic 2-degree Delta sheet , (limited 
revision 1962) (figure 2), "Abraham Hot 
Springs" (Milligan and others, 1966), and 
"Baker Hot Springs" by White and others 
(1975) and on the Baker Hot Springs, 
Utah 7 1/2 minute topographic quad
rangle map of the U.S. Geological Survey 
published in 1971. The Known Geo
thermal Resource Area (KGRA), includ
ing the hot springs, has been designated 
the "Crater Springs KGRA" (Goodwin 
and others, 1971). In this paper, the 
springs will be designated "Baker Hot 
Springs". 

Utah Geology , Vol. 5, N o.1, p. 3 7 to 56 

Purpose of 
Investigation 

This investigation was designed as 
one part of a study of geothermal explor
ation techniques for potential geothermal 
sites. The Fumarole Butte area (part of 
which is designated as the Crater Springs 
K n 0 wn Geothermal Resource Area -
KG RA, (Goodwin and others 1971) 
appeared to be such a potential geo
thermal site, and geophysical studies were 
concentrated there during the summer 
and fall of 1973. The use of the gravity 
technique had three objectives: 1) to aid 
in determining the source of heat at 
Baker Hot Springs and at the volcanic 
neck in the interior of Fumarole Butte 
(figure 2); 2) to locate Basin and Range 
faults typical in the area which might be 
acting as geothermal conduits ; and 3) to 
enhance knowledge of the basic geologic 
structural setting of the region , thereby 
increasing the effectiveness of the other 
geophysical techniques. 

Previous Investigations 

Gilbert (1890), in his Lake Bonne
ville report, discussed some of the rel
ationships between the volcanics at 
Fumarole Butte and Lake Bonneville and 
produced an early record of residual heat 
at the volcanic neck and hot springs . 
Erickson (1963), in a regional study of 
the volcanic rocks in western Juab 
County , described the geology of 
Fumarole Butte and the McDowell Moun
tains. Hogg (1972) documented the 
petrographic and chemical nature of the 
middle Tertiary through early Quaternary 
volcanics , in which the basaltic flows at 
Fumarole Butte are included . Crittenden 
and others (1961) described manganese 
deposits and the geologic setting of the 
Drum Mountains. Calkins (1970 and 
1972) provided some geophysical insight 
into the geologic setting of Desert 
Mountain with a magnetic and gravity 
study , and Rees (1971) presented a more 
comprehensive geologic picture. Shawe 
(1972), in a reconnaissance geology and 
mineral potential study of the Thomas , 
McDowell, and Desert Mountains, pro
posed three separate volcanic calderas in 
the region . 
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Figure 2, Part of Army Map Service Topographic Base Map, Delta Quadrangle (1962) , showing survey area. Corner brackets 
indicated on this map correspond with corners of maps shown in figures 4 and 5. (The hot springs at "Crater Springs Health 
Resort", shown on this map, are designated "Baker Hot Springs" throughout this report. 

GENERALIZED GEOLOGY 

Regional Geology 

The area under investigation lies 
within the Basin and Range province of 
the western United States. During Pre
cambrian time and much of Paleozoic 
time , thick layers of marine sediments de
posited in the Cordilleran miogeosyncline 
which encompassed the eastern portion 
of the Basin and Range province, were 
converted to the quartzites , shales, and 
carbona tes no w 0 bserva ble. Later 
Mesozoic continental and marine rocks , 
which may have existed in western Utah, 
we r e ' mostly destroyed by erosional 
cycles associated with both the Sevier 
orogeny during the Cretaceous and the 
later formation of the mountain ranges in 
the Great Basin during Tertiary time. The 
Sevier orogeny produced folding and east
ward overthrusting of the thick sequences 
of marine sedimentary rocks , thereby 

making western Utah a rugged highland 
for a time. Volcanic activity occurred in 
three distinct phases. The first phase pro
duced intermediate - composition lavas 
and agglomerates during the early Ter
tiary. The second phase produced silicic 
ash-flow tuffs, as well as the granitic and 
monzonitic intrusions. The last phase, 
during the late Tertiary to early Qua
ternary , produced a bimodal association 
of basalt and rhyolite . Much of the vol
canic episodes was concurrent with the 
middle Tertiary to present Basin and 
Range block faulting that created the 
existing mountains from upthrown blocks 
and the existing alluvial basins from 
grabens. Lake Bonneville further mod
ified the geology by depositing lake sedi
ments and by eroding its margins. 

Local Geology 

The geology in the region of inves
tigation is varied and complex (figure 4) . 

Fumarole Butte , a potential geothermal 
target area, is comprised of four main 
rock units which, from bottom to top, 
are a rhyolite, a conglomerate, a tholeiitic 
basalt, and a basaltic andesite. The rhyo
lite ,conglomerate, and tholeiitic basalt are 
exposed in an area of high elevation 
known as the North Butte at the north 
end of the lava flows . The rhyolite, which 
may correlate with the older rhyolite 
flows in the Thomas Range, contains 
phenocrysts of sanidine and smoky 
quartz. The conglomerate is described by 
Hogg (1972) as: 

" a reddish brown conglomerate 200 feet thick , 
con taining sand, pebble-, and cobble-sized frag
ments of Paleozoic sediments (mainly white to 
pink quartzite with minor dark gray limestone), 
and lesser quantities o f pumice, rhyolite , and 
mafic lava all cemented by calcareous mate
riaL" 

The tholeiitic basalt is somewhat 
coarser grained than the basaltic andesite 
flows to the south and is apparently 
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Figure 3. Aeromagnetic map of survey area. Contour interval 20 gammas. (Same area as figure 2). After Shuey, 1974 . 

older, since the southern basaltic ande
sites flow around the tholeitic basalt of 
the North Butte and are less extensively 
eroded. The southern Fumarole Butte 
lava is comprised of a number of sequen
tial flows, primarily basaltic andesite in 
nature. The lava tends to be more scori
aceous in the younger flows of this se
quence, at the edges of these flows, and 
around the volcanic neck in the interior 
of Fumarole Butte . 

Whole-rock K-Ar analysis by the 
U.S. Geological Survey indicates an age of 
approximately 900,000 years for the 
basaltic andesite on the southeastern 
flank of Fumarole Butte (R.E. Anderson 
and R.C. Bucknam, 1977, oral communi
cation). 

On top of the volcanic neck, warm, 
moist air is still issuing forth from several 
cracks in the rock, possibly indicating 
residual heat. Baker Hot Springs are 
located east of the volcanic neck at the 

eastern edge of the lava flow and are com
prised of a large number of small springs. 
The temperature of the water issuing 
forth from the springs ranges from 71.1 ° 

C to 87.2° C (Mundorff, 1970). The 
chemistry of the springs, including the 
manganese deposits, was discussed by 
Callaghan and Thomas (1939). Using the 
sodium, potassium, and calcium geo
thermometer techniques of Fournier and 
Trusdell (1973), Parry (1976) has esti
mated a temperature of last wallrock 
equilibrium of the water of Baker Hot 
Springs to be 155° C. 

The Desert Mountain, to the north
east, is composed mainly of igneous rocks 
including granodiorite, granite, and rhyo
litic volcanic rock CRees, 1971). The 
granodiorite is the oldest and crops out in 
a northwest-trending zone through the 
center of the mountain . The granite 
appears to be a younger unit intruded 
under pre-existing granodiorite and may 
form the core of the mountain. Tertiary 

volcanics are located on the eastern edge 
of Desert Mountain. 

The McDowell Mountains, to the 
northwest (figure 4), also known locally 
as the Keg Mountains, are comprised of a 
complex system of Teritary extrusive vol
canics (Erickson, 1963; Staub, 1975). 
The rock units include older rhyolite-da
cite-quartz latite ignimbrites, andesite
trachyte- latite flows , rhyolite-dacite
quartz latite pyroclastics, rhyolite-dacite
quartz latite flows, and basalt and basaltic 
andesite flows. For the purposes of this 
report all of these rock units will be desig
nated Tertiary volcanics. 

The Drum Mountains, to the south
west (figure 4), are a westward-tilted 
block of Cambrian rocks. The section 
exposes approximately 2800 met~rs 
(9,000 feet) of quartzite , some of WhICh 
may be Precambrian near the base, over
lain by some 900 meters (3,000 feet) of 
carbonate rocks. The rocks strike north 
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and dip about 30° W. Numerous east- to 
northeast-trending faults and fractures 
cut the area. Tertiary volcanic rocks rest 
on the older Cam brian rocks around the 
edges of the range. The Detroit mining 
district produced economic deposits of 
manganese near the center of the Drum 
Mountains. 

GRAVITY DATA ACQUISITION 
AND COMPILATION 

Surveys 

The gravity data utilized in this re
port originated from three separate sur
veys and consist of about five hundred 
stations, a number of which were dupli
cated between surveys. Approximately 
half of the stations were established by 
T.B. Smith during the summer and fall of 
1973. The remainder were established as 
the field projects of two different gravity 
classes directed by K. L. Cook of the Uni
versity of Utah. The first survey was con
ducted in the spring of 1972 and concen
trated its efforts on the McDowell Moun
tains area. The second survey, conducted 
in the fall of 1973, was concentrated 
principally near Desert Mountain, but 
also included two profiles between Desert 
Mountain and the McDowell Mountains. 
Thus Smith's survey covers the primary 
target area of interest, while the addi
tional surveys add information to the 
fringe areas. 

Instruments 

During the course of the three sur
veys, two gravimeters and four altimeters 
were used. One of the gravimeters was the 
Worden number 735, which has a scale 
conversion constant of 1.1246(8) miligals 
per scale division and a precision ca
pability of 0.01 mgal. The other was the 
LaCoste & Romberg Model G Geodetic 
Gravity Meter number 264 with an inher
ent precision capability of 0.001 mgal. 
T he scale conversion constant ranges 
from 1. 05 609 mgal per scale division to 
1.05865 mgal per scale division, depend
ing upon the position in the range of scale 
values in which the reading was taken. 
The Wallace and Tiernan Company alti
meters were either model number 185 or 
F 18 5 with which altitudes could be 
estimated to the nearest foot. 

Field Techniques 

The stations were located and plotted 
on 7 1/ 2 minute "blue-line" preliminary 
topographic quadrangle maps available 
from the United States Geological Sur
vey . Since most of the stations were 
located at bench marks , road inter
sections, or section corners, the horizon-

tal control was excellent. Elevation con
trol was obtained for the stations by 
several methods. The elevations of sta
tions at bench marks and at road inter
sections with spot elevations were read 
directly from the topographic maps. For 
stations with unknown elevations, alti
meters were used in pairs to insure re
liable readings. 

Since the contour intervals on the 
topographic maps were as small as 5 to 10 
feet, it became apparent in many places 
that it was more accurate to pick the ele
vations off the topographic maps at sta
tions where the horizontal control was 
precise. This technique was utilized in all 
three surveys, giving elevation accuracy to 
within a few feet. 

All three gravity surveys were tied to 
the Delta Base Station in the Utah 
Gravity Base Station Network (Cook and 
others, 1971). A primary field base sta
tion, designated the Fumarole Butte Base 
Station (figure 4), was established from 
which to conduct field operations. The 
observed gravity value for this base was 
obtained by taking successive gravity 
readings at the Delta Base Station and the 
Fumarole Butte Base Station in an 
ABABA pattern and correcting for instru
ment drift. The survey conducted in the 
spring of 1972 similarly established the 
Keg Mountains Base Station as a primary 
field base for that survey; and the Keg 
Mountains Base Station was tied at that 
time to the Eureka Base Station of the 
Utah Gravity Base Station Network 
(Cook and others, 1971). 

During the surveys, the gravimeter 
readings were taken using the standard 
"looping" technique, in which readings 
were taken at a gravity base station both 
before and after a sequence of readings 
taken at the regular field stations. This 
technique provides data for making cor
rections for instrument drift. 

Base Station Descriptions 

Fumarole Butte Base Station 

The Fumarole Butte Base Station, 
established July 17, 1973, by T.B. Smith, 
is located .3 meter (1 foot) north of the 
bench mark stamped 77 HLS, established 
by the United States Coast and Geodetic 
Survey in the southwest 1/4 of Section 8, 
Township 15 South, Range 8 West, Salt 
Lake Base Meridian, in 1970. This partic
ular bench mark is located approximately 
10m (35 feet) east of and 6 m (20 feet) 
south of the intersection of the main 
paved east-west road to the Brush Beryl
Ii urn mine and the improved gravel 
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north-south road from Smelter Knolls , 
south of the Fumarole Butte lava flows 
(figure 4 and Fumarole Butte, Utah 7Y2 
minute topographic quadrangle map of 
the USGS). Readings were taken with the 
gravimeter placed on a tripod plate, there
by raising the instrument about 2.5 cm (1 
inch) above the ground. Pertinent facts: 

Sta tion ... .. ... . . . .. . . .. . .... , . . FB-l 
Latitude .... . ........... . . , 39° 31.63 1 N. 
Lon gitude ... .... . .. .. . > • •• 112° 47.43' W. 
Elevation ... . ............. , .. .. 4,564 fee t 
Observed Gravity .. .. ... .. . 979,694.63 mgal 
Theoretical Gravity .. ... .. . 980 , 138.54 mgal 
Free-air Gravity Anomaly Value .. -14. 62 mgal 
Simple Bouguer Gravity Anomaly 
Value . . . . ................. -170.07 m gal 

The Keg Mountains Base Station 

The Keg Mountains Base Station, 
established April 8, 1972 by K. L. Cook, 
is located .3 m (1 foot) northwest of the 
bench mark stamped 43 HSL, established 
by the United States Coast and Geodetic 
Survey in Section 4, Township 13 South, 
Range 9 West, Salt Lake Base Meridian. 
The bench mark is located approximately 
120 m (400 feet) east of the intersection 
of the east-west road from Jericho and 
the north-south road west of Fumarole 
Butte, and is about 1.5 m (5 feet) north 
of the east-west Jerico road (figure 4 and 
The Hogback, Utah 7 1/2 minute topo
graphic quadrangle map of the USGS), 
Readings were taken with the gravimeter 
placed on a tripod plate, thereby raising 
the instrument about 2.5 cm (1 inch) 
above the ground. Pertinent facts~ 

Station . .. . ............ 72501 or Keg Base 
Latitude . . .. .. . ..... . ...... 39° 43.07' N . 
Longitude ................. 112° 51.44' W. 
Elevation .. . ... . . .. ......... . . 5, 103 feet 
Observed Gravity .. . . . .. ,. 979 ,664.69 mgal 
Theoretical Gravity . ..... . . 980, L 5 5.43 mgal 
Free-air Gravity Anomaly Value . . -10.75 mgaJ 
Simple Bouguer Gravity Anomaly 
Value .. .... .... .. ......... -184.56 mgal 

Data Reduction 

The raw gravity field data were 
compiled for and processed by a com
puter reduction program. Corrections for 
instrument drift of the altimeters and 
gravimeters and for earth tidal effects 
were made by assuming linear drift with 
time and performing the necessary com
putations. The elevations of the gravity 
stations in the altimeter loops were cal
culated and the theoretical gravity value 
computed for each station using the 
International Gravity Formula (Swick, 
1942). Once the horizontal and vertical 
control of the stations was determined , 
the free-air and simple Bouguer values 
were calculated using a density of 2.67 
gm / cc. The fr ee-air correction was 
0 .09406 mgal / ft, and the combined ele
vation correction was 0.05999 mgal / ft. 

Terrain corrections were computed 
for sample stations throughout the survey 
area using the United States Coast and 
Geodetic Survey terrain correction zone 
charts developed by Hayford and Bowie 
(Swick, 1942) . For calculations carried 
through zone 0, the terrain corrections 
were sufficiently small (0.1 to 0.4 mgal) 
to be neglected, and therefore a simple 
Bouguer gravity anomaly map was com
piled. 

Error Analysis 

The Worden and the LaCoste and 
Romberg gravity meters have inherent 
precision capabilities of 0.01 mgal and 
0.001 mgal, respectively. The non-validity 
of the linear interpolation method of cor
rection for instrument drift and earth 
tidal effects provides another small por
tion of the accumulative error. The La
Coste and Romberg gravity meter has 
very small instrument drift (usually less 
than 0.2 mgal/month): hence the linear 
approximation of the instrument drift is 
in error at most 0.005 mgal for 5-hour 
loops. The Worden gravity meter has 
slightly more drift due to fluctuation of 
the quartz spring temperature; but for 
most cases, the error introduced by the 
linear approximation of the instrument 
drift is generally less than 0.05 mgal for 
5-hour loops. The maximum earth tidal 
effect is about 0.3 mgal in a 6-hour inter
val. When the base station is occupied 
approximately every 5 hours and the drift 
removed by linear means, the resultant 
error is generally less than 0.1 mgal for 
either the Worden or the LaCoste and 
Romberg gravity meters. These errors can 
be reduced by making earth tidal correc
tions, but this was not done for the pre
sent survey. Imprecise horizontal control 
results in two types of error. Since hori
zontal control is principally utilized in 
the latitude correction, which is approxi
mately 1.3 mgal/mile in the latitude of 
the survey area, 30 m (100 feet) of 
north-south displacement would contri
bute a 0.025 mgal error. No direct error 
would result in an east-west displacement 
of horizontal control. If the station 
location was incorrectly plotted an indi
rect error could be introduced in the ver
tical control of those stations at which 
the elevations were estimated from the 
topographic maps. Many of the stations 
in this study have known elevations at 
bench marks and road intersections but 
the elevations of other stations were de
pendent on the horizontal location con
trol and the contour interval of the topo
graphic maps from which the elevations 
were read . Since the contour interval 
ranged from 1.5 to 6 m (5 to 20 feet), the 
accuracy of the vertical control ranges 
from about .3 to ' 1.5 m (1 to 5 feet). A .3 
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m (1 foot) vertical variation in the gravi
meter height causes a 0.06 'mgal variation 
in the simple Bouguer anomaly value ; and 
a 1.5 m (5 foot) vertical deviation could 
produce a 0.3 mgal error. The total pos
sible accumulative error in the reduced 
simple Bouguer gravity anomaly values is 
then about 0.3 to 0.4 mgal. 

Compilation of Gravity Map 

To prepare the simple Bouguer 
gravity anomaly map, the gravity values 
of the stations occupied by more than 
one surveyor more than one time in any 
one survey were cross-checked and an ap
propriate average compiled. Unreasonable 
values were checked and corrections were 
made if necessary. The resultant data base 
was then hand-contoured with a 2-milligal 
contour interval. At two locations, an in
termediate l-milligal contour was used to 
define more clearly the character of an 
anomaly. The gravity data for those sta
tions shown on figure 4, as well as the 
stations beyond the boundaries of figure 
4 that were used in contouring the map, 
are given in the appendix. 

ALLIED DATA SOURCES 

Several additional sources of con
trol data influencing gravity model para
met e rs we rein v e s tigated, including 
studies of rock densities, water-well logs, 
and oil- well logs pertinent to the region. 
The gravity information was compared 
with a published aeromagnetic map, as 
well as with resistivity and electro
magnetic surveys conducted in the area. 

Rock Densities 

Representative samples of the com
mon rock types in the surveyed area were 
collected and analysed using a beam bal
ance; and the results are listed in Table 1 
along with the representative densities 
obtained by Calkins (1970). 

The density contrasts between the 
various geologic units vary considerably. 
The intrusive rocks in Desert Mountain 
range in density from 2.60 to 2.85 gm /cc, 
providing a large range of density values 
which might be assigned to any suspected 
intrusive bodies for modeling purposes . 
The fine-grained basaltic andesites tend to 
be rather dense at 2.73 gm /cc . The exten
sive volcanic flows are less dense, with 
densities ranging from 2.52 to 2.60 
gm /cc. The lightest rock, scoria, collected 
near the volcanic neck at Fumarole Butte, 
has a density of 1.00 gm /cc. Calkins 
(1970) computed a density of 1.85 gm/cc 
for the lake sediment by applying Nettle
ton's (1949) technique of a gravity den
sity profile across a long linear stream bed 
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in an alluvial valley. Several other sources 
of information indicate that there are 
acidic volcanic flows interbedded with 
the alluvium so that the average density 
of the sediments is greater than 1.85 
gm/cc. Since a density of 2.20 gm/cc, 
used as a typical density for Basin and 
Range sediments, appeared to be a rea
sonable average for the combined allu
vium and volcanic flow material, it was 
therefore used for modeling purposes. 
The density of the metamorphic quartzite 
exposed in the Drum Mountains, the pos
sibility of more basalt at depth, and the 
increase of rock density with depth due 
to compaction, makes 2.65 gm/cc appear 
a reasonable approximation for the un
exposed bedrock of the region. A density 
of 2.80 gm/cc was chosen for the deep 
basement rock. 

Water-well Control 

All available water-well logs were 
obtained from the Utah State Water 
Rights Division for correlation in the 
gravity modeling. Most of the wells were 
located at the southern edge of the survey 
area where there is more agricultural irri
ga tion; however, several are located 
throughout the region for livestock water
ing purposes. The well driller's report 
usually included the location and depth 
of the well and a crude litholog. The 
reported well locations occasionally did 
not correlate with the locations found in 
the field; hence the notations of "loca
tion accuracy good" and "location accu
racy fair" on the explanation of the geo
logic map (figure 4). Well locations accu
rate to 150 meters (500 feet) were con
sidered good, while wells located less 
accurately than 300 meters (1,000 feet) 
were considered fair. The litho19gs and 
depth measurements proved to be helpful 
in modeling since they gave an indication 
of the sediment thickness. The lithologs 
unfortunately were too crude to provide 
correlatable layers through the region. 
The well depths ranged from 30 to 280 
meters (100 to 900 feet) with most about 
180 meters (600 feet) indicating that the 
unconsolidated sediments are many hun
dreds of meters thick in this locality. 
Only two of the available lithologs of 
wells near the Drum Mountains show 
wells intersecting basalt flows within the 
sediments. 

The most significant of the well 
drillers' reports were for two wells 
located 3 and 5.5 km (2 and 3.5 miles)t 
res pectively, southeast of Baker Hot 
Springs. One of the wells drilled to a 
depth of 150m (500 feet) had an artesian 
flow to about 3.5 meters (12 feet) above 
the ground (Mower and Feltis, 1968) 
indicating a high meteroic water pressure 
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Table 1. Rock Densities From Surface Samples 

Rock Type Rock Condition Density 
(gm/cc) 

Granite Fresh surface 2.69 

Granite Fresh surface 2.62* 

Granite Moderately weathered 2.60* 

Granodiorite Slightly weathered 2.70* 

Granodiorite Fresh surface 2.76* 

Granodiorite Fresh surface 2.74 * 

Mafic dike Fresh surface 2.85 * 

Mafic dike Moderately weathered 2.75* 

Vesicular basaltic andesite Slightly weathered 2.52 

Vesicular basaltic andesite Fresh surface 2.57 

Fine-grained basaltic andesite 

Fine-grained basaltic andesite 

Acidic volcanic flows 

Acidic volcanic flows 

Acidic volcanic tuff 

Scoria 

*Data compiled from Calkins (1970) 

at depth, and hence a possible source for 
the spring water. The second well was 
drilled to a depth of 200 meters (660 
feet). Cool, relatively fresh water is pro
duced from both wells; however, both 
wells also intersect a 22-meter (70 foot) 
layer of salty water at approximately 4.5 
meters (15 feet) below the surface. The 
salt water probably has its origin in an 
evaporite layer in the sediments. This 
layer probably contributes greatly to the 
extremely low electrical resistivities meas
ured at Fumarole Butte. The thickness of 
sediments shown by the wells east of the 
Fumarole Butte lava flows gives evidence 
for a fault along the eastern edge of the 
flows, sediments underlying the flows, or 
a combination. These interpretations are 
discussed later in connection with the 
modeling of profile B-B' 

Oil-well Control -

A wildcat oil well drilled approxi
mately 24 km (15 miles) southeast of 
Baker Hot Springs in section 24 of Town
ship 16 South and Range 8 West yielded 
additional information. This well is south 
of the surveyed area shown in figure 4. 
The Gronning No.1, drilled by the Gulf 
Oil Corporation, has a total depth of over 

Fresh surface 2.69 

Fresh surface 2.73 

Moderately weathered 2.59 

Fresh 2.60 

Moderately weathered 2.52 

Fresh 1.00 

2,500 meters (8,000 feet) (Mower and 
Feltis, 1968). Lithologic, spontaneous 
potential, and resistivity logs are available 
for the well. The first 600 meters (2,000 
feet) of section consists mainly of Terti
ary interbedded claystones and sand
stones, a few conglomerates, and fresh
wa ter sandstones. Several basalt flows 
were encountered between 750 and 1,100 
meters (2,500 and 3,500 feet); three of 
them were at least 25 meters (80 feet) 
thick. More claystones, conglomerates, 
tuffs, and limestones were encountered 
below the basalts. From 2,000 meters 
(6,250 feet) to the total depth, a thick 
section of red beds was encountered. 
The well did not completely penetrate 
the red bed sequence. At no point does 
the well pierce any of the Paleozoic strata 
observed in the Drum Mountains. It ap
pears that a section of Tertiary rock re
mains below the strata penetrated. 

Since the Fumarole Butte area is 
much nearer to the periphery of the 
Sevier Desert basin, the sequence of clay
stones and sandstones is probably thinner 
here than at the well. In addition, in the 
Fumarole Butte area, there are probably 
more numerous and thicker basalt flows 
interbedded with the sedimentary rocks, 
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because the flows are nearer their prob
able source area. Thus, although the logs 
of this well provide a good overview of 
the basin's rock type as a whole, the en
tire section cannot be extrapolated with 
complete confidence to the surveyed 
area. The well does, however, provide 
evidence of the interrelationships of the 
sedimentary and volcanic sections. 

Aeromagnetic Map 

Figure 3, a portion of the Aeromag
netic Map of Utah (Shuey, 1974; see also 
Zietz and others, 1976), shows a large 
number of magnetic highs, associated 
lows, and gradients of interest in the sur
vey area. For convenience , the anomalies 
will be referred to by letter on the mag
netic map. The relative geographic loca
tions of the anomalies are taken from the 
U. S. Army Map Service base (figure 2). 
The contour interval for the aeromagnetic 
map is 20 gammas and the scale is iden
tical to that of figure 2. Anomalies A, B, 
and C are all magnetic highs whose source 
can be attributed to the volcanic intru
sions in the McDowell Mountains. Anom
aly D is a magnetic high located over an 
area of lake sediments. The source, which 
has no surface expression, may be infer
red as an intrusion, possibly related to the 
volcanic origin of Fumarole Butte. Anom
aly E, overlying Fumarole Butte, could be 
attributed to the magnetic expression of 
the intrusion at depth which produced 
the observed volcanic surficial material. 
This anomaly, which is offset from the 
volcanic neck by about 2.4 km (1 Y2 miles) 
to the southeast, also appears to have a 
spur which extends part of the magnetic 
high over the hot springs area, indicating 
a possible subsidiary magnetic source. 

Anomaly F appears to correspond 
to the granitic intrusive core of Desert 
Mountain. This correlation was drawn in 
light of the statement by Calkins (1970) 
that: 

Although the rock samples tested for 
magnetic susceptibility tended to indicate the 
Pre cam brian rocks to be approximately twice 
the susceptibility of the granitic rocks , all of 
the high amplitude anomalies at Desert Moun
tain (i.e., those exceeding 750 gammas) appear . 
to be associated primarily with the granitic 
rocks, and, if any correlation exists, the Pre
cambrian rocks are associated with the mag
netic lows. 

The Precambrian mentioned above 
was mapped by Rees (1971) as gran
odiorite. Anomaly G, like anomaly D, is 
located over an area of lake sediments 
and does not exhibit any geologic man
ifestations of the source at the surface; 
however, we infer that its origin is similar 
to that of Anomaly F. The magnetic 

gradient east of the Desert Mountain, 
designated anomaly H, is a feature that 
suggests a north-south fault . In all, the 
erratic magnetic pattern of the aeromag
netic map suggests that this is an area 
characterized by igneous intrusions. Cor
relation of the primary magnetic anomaly 
with the gravity anomalies is discussed 
later. 

Electrical Surveys 

Other geophysical techniques have 
been utilized over and adjacent to Fuma
role Butte to give a broader data base. A 
class in electrical methods of geophysics 
from the University of Utah, directed by 
S.H. Ward, conducted resistivity and elec
tromagnetic surveys in the region during 
the spring of 1973. Resistivity profiles be
tween Baker Hot Springs and the eastern 
edge of the lava flows at Fumarole Butte 
confirmed the existence of a very low ... re
sistivity near-surface layer with resistiv
ities in the range of 2 to 5 ohm-meters. 
Presumably this low-resistivity layer is the 
salt water zone observed in the water-well 
logs. A limited resistivity survey was car
ried out on top of the basaltic andesite 
flows approximately .8 km (.5 mile) west 
of Baker Hot Springs to determine the 
total thickness of the flows. Surface resis
tivities of less than 10 ohm-meters were 
measured. A problem with electromag
netic coupling made the results somewhat 
unreliable. The electromagnetic sounding 
on the lava flows produced only limited 
penetration, since the surface resistivities 
and equipment frequencies made the skin 
depth less than 30 meters (100 feet) (S.H. 
Ward, 1973, oral communication). 

Johnson (1975) conducted a resis
tivity and induced '1olarization survey 
during the summer of 1973 along the 
north-south jeep trail across the interior 
of Fumarole Butte (figure 4) to deter
mine the total thickness of the volcanic 
flows. Schlumberger sounding data in
dicated a three-layer geologic model for 
the area north of the volcanic neck. The 
first layer, consisting of sediments, is 2.6 
meters (8.5 feet) thick and has a low re
sistivity of 7.4 ohm-meters. The second 
layer consists of the basalt with a thick
ness of 100 to 140 meters (320 to 460 
feet) and an electrical resistivity of 2200 
ohm-meters. The third layer is modeled as 
a basal half-space with a resistivity of 1 to 
3 ohm-meters. This agrees well with the 
resistivities measured from the 245-meter 
(800 feet) level to the 2400-meter (7,900 
foot) level of the Gronning No . 1 well 
which averaged from approximately 2 to 
5 ohm-meters for almost the entire sec
tion. Thus, the basalt layer appears to be 
90 to 120 meters (300 to 400 feet) thick 
and to rest on sediments. 
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A multispectral 14-frequency elec
tromagnetic survey was conducted on the 
Lake Bonneville sediments about 4 miles 
south of the Fumarole Butte flows during 
the summer of 1973 (Smith, B.D ., 1974). 
Interpretation of the data produced a 
three-layer model consisting of an upper 
5-meter-thick layer with a resistivity of 
10 ohm-meters, an intermediate 6-meter -
thick layer with a resistivity of 1.7 ohm -
meters, and a third layer half-space with a 
10 ohm-meter resistivity. The intermedi
ate, highly conductive layer, in all prob
ability, corresponds to the salt-water zone 
encountered in the well logs previously 
described. It would appear, however, that 
this zone thins southward away from the 
hot springs. With the high conductivities 
and frequencies used, the effective depth 
of exploration of the EM system was less 
than 30 meters (100 feet). 

ANALYSIS AND INTERPRETATION 
OF GRAVITY DATA 

Gravity Contour Map 

A simple Bouguer gravity anomaly 
map (figure 5) was prepared from the 
processed data at the same scale as figure 
4, the geology and station location map. 

Inspection of the simple Bouguer 
contour map reveals several interesting 
gravity features, which are from west to 
east: a gravity low to the west of the 
McDowell Mountains, gravity highs assoc
iated with the McDowell Mountains, a 
gravity low between the McDowell Moun
tains and Fumarole Butte, a northeast·
southwest-trending gravity gradient across 
the north end of Fumarole Butte, an 
elongate gravity high over the Baker Hot 
Springs, a gravity high on the road south
west of Desert Mountain, and an inferred 
gravity high on the eastern edge of the 
map. A number of the gravity highs show 
good correlation with the magnetic highs 
indicated on figure 3. The gravity and 
magnetic anomalies in the McDowell 
Mountains and the area southwest of Des
ert Mountain (magnetic anomaly G) cor
relate especially well. The center of mag
netic anomaly E overlies the gravity spur 
extending westward from the main large 
gravity anomaly over the Baker Hot 
Springs; and the northeastern extension 
of magnetic anomaly E corresponds with 
the central portion of the same main large 
gravity anomaly over the hot springs. It 
should be noted that the magnetic 
anomaly D of figure 3 shows no cor
responding gravity anomaly. 

Although the area of primary inter
est was the geothermal prospect at Fuma
role Butte, a first- order assessment of 
many of the gravity anomalies shown on 
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figure 5 was made to obtain an overview 
of the region and to facilitate the gravity 
modeling. The 12-mgal gradient west of 
the McDowell Mountains located in the 
Basin and Range province where grabens 
are common and have a character similar 
to the gravity expression of other gra
bens, is interpreted as the eastern margin 
of a deep graben with probable faulting 
parallel to the western margin of the 
McDowell Mountains. Using the Bouguer 
approximation for a slab and assuming a 
density contrast of 0.5 gm/cc, the 
l2-mgal anomaly indicates a graben with 
at least 550 meters (1,800 feet) of valley 
fill. 

The gravity highs over the western 
part of the McDowell Mountains, like the 
magnetic anomalies (figure 3), are inter
preted as caused by intrusive volcanic 
rocks in that area. The two gravity 
maxima located over the main western 
part of the mountains have an amplitude 
of approximately 6 mgal. The correlation 
between the maxima of the gravity and 
magnetic anomalies A and B suggests re
lated intrusive volcanic bodies at those 
locations. The gravity high located in the 
southern edge of the eastern part of the 
McDowell Mountains emphasizes the 
higher densities of the volcanic rocks. 
This gravity feature correlates with the 
southern part of the associated magnetic 
high C. 

The elongate gravity high at Baker 
Hot Springs, which has a closure of about 
9 mgal and which trends in a north-north
west direction, is about 14 km (9 miles) 
long by 8 km (5 miles) wide. Due to its 
elongate nature, this anomaly is inter
prete d as an intrusive dike. Assuming that 
the body causing the anomaly is a buried 
horizontal cylinder and utilizing the 
appropriate formulas, the depth to the 
center of the body is estimated as 2000 
meters (6,500 feet), the radius of the 
cylinder is then estimated as 1250 meters 
(4,000 feet), thereby making the depth to 
the top of the body about 750 meters 
(2,500 feet). 

The gravity high southwest of Des
ert Mountain, which has a closure of 
about 5 mgal and corresponds with the 
magnetic anomaly G (figure 3), is inter
preted to be caused by an intrusive plug. 
The depth of the body was estimated by 
assuming a buried vertical cylinder and 
utilizing the aeromagnetic data (figure 3). 
Using this procedure, the depth to the 
top of the plug was estimated to be 550 
meters (1,800 feet). 

Gravity Profiles 

In the analysis and interpretation of 

the gravity protiles, the Talwani two
dimensional modeling method (Talwani 
and others, 1959) was used to calculate 
the theoretical gravitational attraction 
across a geological model. By modifying 
the geologic model and recalculating the 
resultant theoretical gravity curve until 
the observed gravity curve was matched 
by the computed theoretical curve, it was 
possible to define a geologic model for 
which the gravitational attraction is 
nearly identical to that recorded in the 
field. The error produced by the two
dimensional assumption will be negligible, 
provided that the structure being 
modeled is several times longer in the di
rection perpendicular to the line of the 
profile than it is parallel to the profile. 

Two gravity profiles trending ap
pro xima tely east-west were modeled 
using the Talwani computer modeling 
program. On figures 2 and 5 they are des
ignated as profile A-A! on the north and 
profile B-B' on the south. Profile A-A! 
extends along the road from the Drum 
Mountains area on the west to a point 
east of Desert Mountain (figure 2) and 
beyond the borders of figure 5. The bend 
points along profile A-A' are designated 
by the letter "B" in figure 6. Profile B-B' 
is an east-west profile across the central 
portion of the Fumarole Butte flows and 
Baker Hot Springs. For both profiles, the 
observed simple Bouguer gravity values 
were projected from gravity stations lying 
within a distance of one mile of the pro
file, perpendicularly onto the profile line 
se gments, thereby giving points with 
known gravity values along the profiles. 

After multiple iterations of the 
Talwani computer program, the geologic 
cross sections shown in Figures 6,7, and 8 
were chosen as being the best possible 
with the available control. In the top dia
gram of each of these figures, the observ
ed gravity values are connected by a solid 
line and the computed theoretical values 
for the structural model are represented 
by small boxes. It should be noted that 1) 
the computed gravity values for the 
models are calculated and plotted at the 
location of each of the projected ~,tations, 

and 2) the models are shown with vertical 
exaggeration. 

Profile A-A' 

The modeling of profile A-A' was 
accomplished by first investigating the 
broad-scale features and then adding the 
smaller high-frequency anomalies. Out
crops are exposed at three locations : in 
the McDowell Mountains, Fumarole 
Butte, and Desert Mountain. There is 
almost no regional gravity difference 
be t ween Fumarole Butte and Desert 
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Mountain. For example, simple Bouguer 
values of -168.16 and -167.91 mgal were 
obtained at the north tip of Fumarole 
Butte and Desert Mountain, respectively. 
An average simple Bouguer value of about 
-179.2 mgal was obtained for the south 
edge of the McDowell Mountains, imply
ing a difference in the regional gravity of 
about 11 mgal between McDowell Moun
tains and Fumarole Butte. Examination 
of figure 5 reveals a northeast-south west
trending gravity gradient along the west
ern edge of Fumarole Butte approxi
mately 11 mgal in magnitude. It should 
be noted that the volcanic neck, as the 
probable source of the lava flows, lies 
along the eastern margin of the gravity 
gradient. The inference was thus drawn 
that a basement flexure causing 11 mgal 
of total gravity relief exists at depth 
beneath the gradient. The stress which 
resulted in the formation of the flexure 
probably also formed fractures which 
provided conduits for the magma to reach 
the surface at Fumarole Butte. This as
sumed basement feature was then mod
eled (figure 6) and indicates about 2,500 
meters (8,000 feet) of vertical offset with 
a density contrast of 0.15 gm/cc. 

The gravity gradient to the east of 
Desert Mountain near point A I on figure 
6 shows a decreased gravity of an esti
mated 26 mgal over a distance of 8 km (5 
miles). The structure producing the 
anomaly was interpreted to be a down
faulted graben with a total vertical dis
placement of about 1,350 meters (4,500 
feet). The anomaly could not be account
ed for by a single, steeply dipping Basin 
and Range fault. Instead, several smaller 
step faults were required to produce the 
match of the computed and observed 
gravity curves. The graben modeled in fig
ure 6 supports Calkins' (1970) proposed 
fault striking north along the east side of 
Desert Mountain. 

The gravity high southwest of Des
ert Mountain on figure 5 corresponding 
to magnetic anomaly G in figure 3 was, as 
previously discussed, interpreted to be a 
granitic intrusive with its top approxi
mately 550 meters (1,800 feet) from the 
surface. Using the Talwani gravity mod
eling technique, a depth of 525 meters 
(1,700 feet) to the top of the body was 
indicated (figure 6). The intrusive body is 
modeled as being approximately 1.6 km 
(1 mile) wide near the top and broad
ening to 5 km (3 miles) wide at depth. 
The exact parameters for this anomaly, 
however, cannot be reliably obtained 
from the Tal wani two-dimensional meth
od since the structure does not have a 
great length (along its strike) in propor
tion to its width, and the solution cannot 
be unique. 
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Figure 6. Simple Bouguer gravity anomaly and interpretive geolvgic cross section along profile A-A'. B indicates a bend point in 
the profile. Numbers indicate densities in gm/ cc. 

Analysis of the gravity high at the 
north end of Fumarole Butte indicated 
that the basalt thickness was at least 100 
meters (300 feet) and, in places, as much 
as 150 meters (500 feet). Along the pro
file A-A' shown in figure 6, the basalt is 
indicated as a horizontal slab 100 meters 
(300 feet) thick. Both the resistivity sur
vey and the gravity information indicate 
the possibility of sediments below the 
basalt flows. The thickness of the under
lying sediments is difficult to estimate; 
for this model, 60 meters (200 feet) was 
chosen. 

Investigation of the smaller high
frequency, near-surface anomalies along 
profile A-A' implied a number of small 
faults and grabens in the valley between 
the McDowell Mountains and Fumerole 
Butte. Describing them from west to east, 
the first fault was located along the east
ern margin of the McDowell Mountains. 
It is down-faulted to the east and has a 
throw of about 150 meters (500 feet). 
The next fault, located 1 km (0.6 mile) 
east of the first, is down-faulted again to 
the east and has a throw of 100 meters 

(300 feet). The third fault, 2.5 km (1.5 
miles) east of the second fault, is down -
dropped on the eastern side approxi
mately 125 meters (400 feet). These 
three faults form the western edges of a 
deepening valley graben. The fourth fault 
forms the eastern edge of the deepest por
tion of the inner graben with a down -
faulted western side and a throw of 135 
meters (450 feet). Thus, the gravity low 
extending between Fumarole Butte and 
the McDowell Mountains is interpreted as 
a graben filled with sediments and vol
canics. The thickness of the valley fill is 
estimated as 250 to 275 meters (800 to 
900 feet) for most of the valley , but may 
be as deep as 460 meters (1,500 feet) in 
its deepest parts. 

The valley between Fumarole Butte 
and Desert Mountain is also complex. 
Two small faults were modeled east of 
the Fumarole Butte lava flows ; however, 
neither corresponded with the abrupt 
eastern edge of the flows. The first fault 
is about 0.3 km (0.2 mile) east of the 
abrupt margin and has a throw of 60 
meters (200 feet). The second is 1.75 km 

(1 .1 miles) east of the Fumarole Butte 
flows and also has a throw of 60 meters 
(200 feet). Both of these faults show a 
deepening of the graben to the east to an 
estimated depth of 340 meters (1,100 
feet). Farther to the east the sediment 
thickness could not be precisely calcu
lated since it was impossible to isolate the 
gravitational effect of the intrusion from 
that produced by variations in the thick
ness of the sediments. Over the intrusion, 
the sediment thickness was modeled as 75 
meters (250 feet). The sediment thickness 
between the intrusion and Desert Moun
tain was estimated as 200 meters (650 
feet). East of Desert Mountain is the large 
fault system previously described. 

Profile B-B' 

Profile B-B' was modeled using the 
same techniques. The interpretation of 
profile B-B'is more difficult because it 
lacks a station on outcropping bedrock to 
provide a point at which the computed 
curve can be matched to the observed 
data curve. If the match-point cannot be 
precisely defined, it is difficult to delin-
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eate the correct proportion of the total 
observed gravity curve due to low density 
anomalies from that due to high density 
anomalies. To circumvent this problem 
on profile B-B', two models were con
structed. Model I (figure 7) attributes all 
of the gravity relief of the Bouguer 
anomaly to high-density intrusions with 
the exception of the downward basement 
flexure at the west end of the profile. 
Model 2 of profile B-B' (figure 8) esti
rna tes the depths of the grabens and the 
size of the intrusions in a more intuitive 
manner and probably represents a more 
realistic geologic explanation. 

The basement flexure discussed in 
profile A-A' is also shown in both models 
of profile B-B'. The vertical relief of the 
basement flexure at the location crossed 
by profile B-B', an estimated 2,100 to 
2,400 meters (7,000 to 8,000 feet), ap
pears to be slightly less than at the north
ern profile. The top of the flexure shows 
go 0 d horizontal position correlations 
with the location of the volcanic neck. 
Thus, as noted previously in the discus
sion of profile A-fl:, the model suggests 
that fracturing of the deep basement at 
the time of the formation of this flexure 
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may have provided a conduit by which 
the magma could reach the surface. 

Model I of profile B-B' (figure 7) 
shows no classical grabens and attributes 
the anomalies to high density contrasts. 
The . Fumerole Butte basalt flows are rep
resented by a 90-meter (300 foot) thick 
layer with a density of 2.65 gm/cc. The 
sediments are shown as a layer 180 
meters (600 feet) thick in most areas and 
with at least 60 meters (200 feet) of 
thickness under the basalt flows. The 
elongate gravity high extending north 
from Baker Hot Springs is modeled as be
ing caused by a huge dike intrusion hav
ing a density of 2.96 gm/cc. The top of 
this intrusion is inferred to be 250 meters 
(800 feet) below the surface. The rise in 
the observed gravity curve at the east end 
of the profile is interpreted as an in tru
sion of higher density material into the 
overlying rocks. It is indeterminable 
whether the intrusive material is typical 
of basement rock type. 

Model 2 of profile B-B' (figure 8) 
incorporates both grabens and intrusions 
in the geologic cross section. The Fum
arole Butte basalt flows were modeled ex
actly as in Modell. With the inclusion of 
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Figure 7 . Simple Bouguer gravity anomaly and interpretive geologic cross section along profile 
B-B' (Model 1). Numbers indicate densities in gm/cc. 
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grabens, the relief of the gravity anomaly 
due to the intrusive dike at Baker Hot 
Springs was reduced, thereby producing a 
more realistic geologic model. The dike is 
estimated to be about 1.6 km (1 mile) 
wide near its top, which is at an estimated 
250 meters (800 feet) below the surface. 
There is an indication of a graben east of 
the dike with a depth of 370 meters 
(1,200 feet). In this model , the increase 
in the observed gravity values at the east 
end of profile B-B'is attributed to a thin
ning of the sediments rather than a struc
tural high in the basement. The sediment 
thickness under the basalt is estimated as 
280 meters (900 feet) whereas the sed
iment thickness west of Fumarole Butte 
is projected to be 370 meters (1 ,200 
feet). The source of the feeder for the 
dike is uncertain, but may be associated 
with the main feeder of the volcanic neck 
at depth. 

SUMMARY AND CONCLUSIONS 

In this gravity investigation, the 
following three main objectives were 
accomplished: 1) To determine the possi
ble source of heat at Baker Hot Springs 
and at the volcanic neck in the interior of 
Fumarole Butte; 2) to locate faults 
typical of the Basin and Range province 
which might be acting as geothermal con
duits in the area; and 3) to enhance the 
general knowledge of the basic geologic 
structural setting of the region. 

The gravity data indicate a possible 
in t rusive dike under the Baker Hot 
Springs area which may be interpreted as 
the source of the heat transferred to the 
water of the numerous hot springs. The 
size and depth of the intrusion were esti
mated to be 8 km (5 miles) long by 2 km 
(1.3 miles) wide by 1 km (0.6 mile) high 
with a depth to the top of 0.65 km (0.4 
mile) (figure 8). Perhaps just as impor
tantly , no gravity high was found asso
ciated with the volcanic neck. This obser
vation , along with the aeromagnetic high 
noted, tends to indicate that , if there is 
magma chamber associated with the vol
canic neck, it must be too deep, too 
small, and/or lacking in density contrast 
to produce a gravity anomaly. Thus, the 
heat source for the moist, warm air es
caping from the top of the volcanic neck 
could be due to either the proposed 
buried intrusion beneath the Baker Hot 
Springs or hydrothermal fluids rising 
along fractures associated with the in
ferred basement flexure. 



Smith, Cook, Peeples - Gravity Study Fumarole Butte Area 

if) 
- 155 

-.J -160 <{ 
<..9 

-165 :::i 
--l 

2 -170 

-175 

-ISO 
0 0 

-IS5 

B WEST 
5000 

4000 

~ 
w 3000 
w 2000 LL 

1000 

SEA LEVEL 

-1000 
z -2000 

-3000 

z -4000 
0 -5000 i= 
<{ -6000 > 

Observed 

Bedrock 

2.S0 

Basement 

o 0 

o 

Hot Springs 

II II 2.S0 
II 
II .. 
II 
II .. 
II 

11--- possible feeder 
II 
II 
II 

'~ 

w o 4 Miles 
--l -7000 w 

-SOOO I 0 I 2 3 4 5 6 Kil ometers 

-9000 
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B-B' (Model 2). Numbers indicate densities in gm /cc. 

The gravity investigation also 
attempted to determine if there is a fault 
acting as a geothermal conduit along 
which the hot water is circulated to the 
Baker Hot Springs vicinity . The gravity 
data indicate two north-south trending 
faults located east of the flows which 
may have influence on the hydrogeology 
of the springs. The first of the faults is 
shown on Profile A-A' (figure 6) and fig
ure 4 about 0.4 km (0.25 mile) east of 
the flows near the northeastern margin of 
Fumarole Butte, and may continue south
ward through the Baker Hot Springs. The 
gravity data, however, do not indicate 
any throw or density contrast across the 
possible fault at the springs. The second 
fault , also shown on profile A-A' (figure 
6) and on figure 4) strikes south to south
east and lies about 1.6 to 3.2 km (1 to 2 
miles) east of the basalt flows. 

The study also suggested the exis
tence of a large basement flexure, near 
the western margin of Fumarole Butte, 
with postulated fractures that served as 
conduits for the upwelling magma to 
reach the surface at Fumarole Butte. Sev
eral magnetic anomalies over suspected 
structural features show corresponding 

gravity anomalies. Especially interesting is 
the gravity high which is located south
west of Desert Mountain and modeled as 
an intrusive plug. A number of typical 
Basin and Range faults were interpreted 
along with associated graben basins. The 
most prominent of the indicated faults 
were the fault east of Desert Mountain 
and the faults lying both to the west and 
to the east of the McDowell Mountains. 
The most clearly defined graben was 
located in the valley between the Mc
Dowell Mountains and Fumarole Butte. 
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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 Fl- 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). 

51~1IOr~ LATITUDE LONGITUDE EL[V F"kEE SIMpLE 
NUfoltjER OE6 tvlIN Dl:G MIN (FEET) AIR BOUGUE~ 

Fb 1 j9 31.63 112 46.79 4~b4. -14.fl2 -11r).07 
fb 2 3~ 32.08 112 47.43 4'::>77. -ll.97 -1 0 .1. 8 6 
Ft;) .3 .3~ 32.~9 112 48.2A 4'::>92. -11.0~ -16 7. 49 
Fb '+ 39 3.3.15 112 49.13 46H). -9.80 -1°7. 02. 
Ftj '::> 39 33.1'::> 112 49.92 46j1. -11.17 -1 0 8.90 
FU 6 03') 34.41 112 C:;O.70 4660. -13.62 -l'2.j4 
Fb 7 39 34.98 112 51.46 4677. -1'+.17 -17.~.47 
Fb ij 39 3'::>.45 112 !:>2.52 470Q. -1'::>.19 -17,>.58 
Fb 9 39 3~.70 112 51.15 4707. -14.77 -11~.oq 
Fb 10 .3Y 3'::>.87 112 5.3.55 474'::>. -16.8'::> -1 7!1.'+6 
FB 11 39 36.22 112 54.44 4778. -17.7'::> -180. 4 9 
Fu 12 39 36.70 112 55.52 4tH6. -16.44 -l ti O.4A 
FB 13 3Y 31.13 112 50.50 4815, -13.72 -1-'9. 71 
Fb 14 39 37.52 112 57.42 4932. -9.84 -1 7 7.82 
Fb 15 39 37.93 112 58.47 4964. -13.02 -1 8 2.09 
Fb 16 39 38.41 112 59.50 5020. -15.04 -1 8 6.23 
Fb 17 39 30.79 112 47.04 4564. -10.41 -1 7 1.86 
FB 18 39 31.41 112 46.39 4564. -1'::>.42 -1/n.87 
Fb 19 39 31.10 112 45.86 4500. -16.77 - 172. 09 
Fb 20 39 30.59 112 44.98 4560. -18.98 -1 74.29 
Fti 21 39 30.53 112 43.53 4562. -20.22 -115.60 
FU 22 39 30.53 112 42.34 4561. -21.96 -1 7 7 • .31 
Fb 23 39 30.53 112 41.18 4~71. -23.33 -1 79.01 
Ft:3 24 39 31.40 112 41.18 4571, -21.16 -1 76. 8 5 
Fb 25 39 32,28 112 41.18 4'::>7~, -19.46 -1 7 5. 2 1 
FI:3 26 39 33,15 112 41.18 4576. -17.22 -1 7 3.08 
FU 27 39 33,91 112 41.61 4570. -1.5.44 -1 7 1,.30 
Fb 28 39 34,46 112 41.18 457o. -12.64 -1 6 8.49 
FB 29 39 34.90 112 41,18 4578, -10.80 -1 0 6. 7 3 
FE; 30 39 35.16 112 41.18 4577, -10.64 -1°6.53 
Fb .31 39 3b.92 112 41.92 4582, -9,31 -1 0 ,::>.37 
Fb 32 39 32,34 112 1~6 .47 4072. -12.7~ -lC)H,48 
Fb 33 39 33.11 112 4b.49 4575. -12.37 -108.20 
Fb j~ 39 33-.86 112 ~b.09 4587. .. 13.66 -1 6 9.90 
Fti 35 39 31+,45 112 45,50 4579. -13.96 -1 69.92 
Fb j6 39 35,11 112 41+.48 4583. -9.52 -1 6 5. 6 2 
Fb 37 39 35.94 112 43.92 4597. -4.67 - 161. 24 
Fb 38 39 36,65 112 43,85 4b23, -1.43 -1 58,89 
FB 39 39 36.91 112 l~3, 68 4616. -2.02 -15q,24 
Ftj ... 0 39 37.39 112 43.45 4'::>9Q. -5.07 -1 0 1. 7 1 
Fb 'H 39 38.07 112 43.80 4596. -4.58 -10 1. 12 
FB 42 39 38.67 112 44.11 4580, -3.99 -1 6 0.19 
FB 43 39 39.28 112 44,40 4094, -3.83 -10 0.30 
Fll 1+4 39 4U,OO 112 4'+.60 4586. -6.67 -1 0 2.81 
FE; 45 39 40.74 112 44.66 4597, -8.20 -lL4. 77 
FB 46 39 41.42 112 44.82 4608, -11.03 -1 6 7.98 
Fb ~7 39 30.51 112 40.02 4576. -24.82 -1 8 0.67 
Fb 1+8 3~ 30.53 112 38.91 4587, -24.87 -18 1.10 
FU 49 39 31.42 112 38.91 4'::>92, -22,76 -1 7 9.16 
Fd '::>0 39 32.17 112 38.43 4596. -21.18 -1 71.12 
Fu 51 39'30.76 112 38.92 4588. -21+.33 -1 8 0.60 



S Til T 1 Or~ LATITUDE LONGITUDE ELEV FREE SIMpLE STATIOI'4 LATITUDE LONGITUDE ELEV FREE SIMpLE 
/'>J Ulvll)ER DEG MIN DLG MIN (FEET) AIR BOUr,U£R NUt-'ltjER DEG MIN DEG MIN (FEET) AIR BOUGUER v, 

N 

Fu ~2 3tj 30.97 112 ')8.15 501j. -~.73 -1 76. 47 FtH04 39 37.11 112 51.57 474~. -17.13 -1 78.75 
Fb ~3 39 37.42 .112 58.~8 501~. -9.32 -lBn.lj Fbl05 39 36.51 112 51.40 4724. -16.53 -1 77. 4 3 
Fb ~4 39 .36 • .38 112 "'8.87 5107. -.32 -17i~.20 FBl06 39 36,02 112 51.27 4712. -15.81 -1 76.30 
Fu ~~ 39 3~.80 112 '39.00 5~ltb • 4,29 -1 74.39 Fb107 39 3~.42 112 51.10 4697. -15.18 -1 75.16 
f-u ~o 39 3~.48 112 58.0r) ~06U, -1.42 -1 7 3.76 Ft3108 39 34.86 112 50.79 4678. -2.37 -H>1. 7 U ? 
fLJ ~7 039 3~.56 112 '37.H7 ~114. 1.15 -1 7 3.03 FBI09 39 34.34 112 50.39 4661. -14.40 -17~~.15 ? 
Fb ~8 .39 .3~.76 112 57.08 41.)27. -8.92 -1 76.73 Fbl10 39 3~.14 112 54.12 4736. -13.00 -1 74.37 
FlJ ~9 ,59 35.28 112 ')6.77 4876. -1U.63 -1 76.71 FtHll 39 34,86 112 54.76 4747. -10.77 -1 72. 4 5 
Fu 60 39 34.42 112 56.20 479U. -12.35 -115.~0 FBl12 39 34+,63 112 55.48 4762. -1:3.13 -17~).32 
Fb 01 .39 35.13 112 53.85 4741. -13.26 -1 74. 74 FBl14 39 42.20 112 45,00 4603, -17.14 -1 73.91 
Fb 03 3<.) 36.84 112 4U.0~ 5093, 3.86 -It>9.61 F-b115 39 43,07 112 51.44 5103. -10.75 -184.~6 
Fb t.>4 39 36.69 112 r~8, 16 SOb8. 2.20 -1 7 0. 4 1 Ft3116 39 30.02 112 r~3, 47 4564. -21.62 -1 7 7.07 
Fb 6~ 39 36.51 112 48.33 ~U63. 1.63 -1 7 0.81 Fbl17 39 30.51 112 37.77 4605, -24.16 -1 8 1. 00 
Fb 66 3<.) 36.44 112 48,6~ 4998. .36 -10g.87 Fti118 39 30.21 112 36.54 4629. -23.43 -1 8 1.10 
Fb 67 j9 36.22 112 1~8. 51 4960, -.80 -1 6 y.7'-+ FI::H19 39 30.08 112 30,05 4637, -22.50 -1 8 0.44 
F-b 68 39 3~.96 112 49.03 4<.)12. -3.52 -1 7 (),82 Fb120 39 30,97 112 41,18 4576, -21,91 -1 7 7.77 
Fl> 09 3~ 3~.7b 112 49.38 4896. -4.47 - 17 1. 22 FtH21 39 31.84 112 41,18 4!:>74 , -19.71 -1 7 5.51 Fb 70 39 3::>.60 112 49.54 4610. -7.51 -1 7 1. 34 FtH22 39 3£.28 112 41.18 4575. -19.02 -1 7 4.84 
Fb 71 39 3~.43 112 49.87 47~0. -9.96 -171. 7'. Fb123 39 32.71 112 41.18 4:'74, -18.30 -1 74.09 Fb 72 39 29.98 112 47.40 4561. -16.82 -1 72.17 FB124 39 33.15 112 41,18 4574. -17.46 -17.3,25 
Fb 73 39 29.16 112 47.77 4~62. -16,93 -1 72.31 Fb125 39 33.59 112 41,18 4575, -16.18 -1 72. 00 
Fb 74 39 3~.20 112 '30.05 4740. -lU.12 - 17 1. 56 Fb126 39 34,02 112 41.18 4577, -14.38 -1'0,27 
hJ 7~ 39 34.9~ 112 50.20 4712. -11.89 -1 72.38 Fb127 39 3~.46 112 41.18 4578. -12.38 -1 68.30 
Fb 76 39 34,73 112 50.28 4698. -12.32 -1 72.33 Fb128 39 34.90 112 '~1.18 4579. -10.67 -1 0 6.64 
Fb 77 3S/ 34.36 112 50.37 4662. -13.13 - 17 1. 92 Fti129 39 35.32 112 41,18 4582, -9.52 -10S.59 
F-tj 78 39 34.08 112 '10.34 464~, -12.6!; -1 70. 8 6 FB130 39 35,76 112 41.18 4583, -9.34 -1 0 5,43 
Fu 79 39 3~,56 112 '52.09 1~696 , -15.1~ -1 75.08 Fbl,51 39 36,20 112 41.17 458.3, -9.49 -1 6 5. 59 
Flj 80 39 35.30 112 53.35 4714. -15.64 -1 76. 2 0 Ft:H32 39 36,63 112 41.18 45d~. -10.15 -1 6 6.31 
Fb 81 39 41.48 112 44.06 4595, -12.87 -1 6 9,38 Fu133 39 37.07 112 41.18 4587. -11.21 -1 6 7.44 
Ftj 82 39 41.58 112 tl3,28 4588. -14,31 -1 70.58 F81j4 39 37,51 112 41.17 4582. -12.27 -1 6 r3.34 
Fb 83 3<.) 41.72 112 42.25 4601. -14.42 - 17 1. 13 Fb1.~5 39 37.95 112 41.16 4579. -13.92 -1 0 9.89 
FU 64 39 41.82 112 41.47 460 4 • -12.21 -1 6 9. 03 FB136 39 38.38 112 41.16 4584. -14.92 -1 7 1.05 
Fti 85 39 41.91 112 40.6Q 4608. -9.63 -1 66.57 Fti137 39 38.82 112 41.16 4583. -15.38 -1 7 1. 48 
Fb 86 39 41,99 112 40.02 4618. -0.47 -1 0 3.76 Fbl.38 39 39,25 112 41.17 4584. -15.11 -1 7 1. 24 
fob 87 39 42.07 112 39.35 4624. -4.69 -1 0 2.19 Ft:H39 39 39.69 112 41.17 4584 , -14.54 -1 70. 6 7 
Fb 88 39 42.13 112 38.78 4637, -3.84 -1 6 1,78 FlH40 39 40.12 112 '4-1.16 4590. -13,37 -1 09.70 
Ft> 89 39 37.10 112 47,66 5027. 1.88 -1 0 9.34 Fb141 39 40.56 112 41.16 4592. -12.6~ -1 09.06 c:::: 

~ Fti 90 39 37.41 112 47.35 4992, 1.15 -1 08.88 FtH42 39 40.99 112 41.17 4595. -11.40 -1 0 7.90 ;:s-

Fb 91 .39 37.74 112 47.11 4916. -1.37 -1 08.81 Flj143 39 41.42 112 41.17 4598. -11.03 -1 0 7.64 CJ 
(';) 

FU '12 39 3cl,03 112 46.98 4b97 -1.04 -1 0 7,83 Fb144 39 41.85 112 41,17 4006, -11.28 -1 0 B.16 Cl 
0 f-u 93 39 38.26 112 I~ 7.46 4680: -3,20 -1 0 9. 4 1 Fb145 39 33.58 112 "9.06 4704. -8.60 -1 08.82 ~ Fb ')4 39 38.45 112 48.29 4832, -8.93 -1 73.51 Fb146 39 34.02 112 1~9. 06 4727. -8.89 -1 6 9.89 

FL> 95 39 38 • .34 112 49,26 4820. -lU,97 -1 75.14 FB147 39 36.63 112 42.85 4577. -5.50 -1 6 1. 39 ~ Fo 96 39 38.71 112 49.47 4795. -15.47 -1 78.78 Fti148 39 36,63 112 42.29 4!:>70. -7.05 -1 6 2.91 ,v, 
Fb 97 39 39,23 112 49.41 4782. -17.05 -1 79.92 Fb149 39 30.63 112 41.74 4582. -8.46 -1 6 4.53 ~ Fu 98 39 39.60 112 49.61 4790. -17.69 -1 8 0. 8 3 Fti1:,Q 39 36.63 112 40.61 4580. -11.45 -1 0 7.44 
Fti 99 39 4U.07 112 49.70 4794 , -19.09 -1 8 2.38 Fb151 39 36,62 112 40.04 4580. -12.55 -10t3.~4 ,""" 
Fbl00 39 3d.35 112 ~5.89 4ti80. -12.37 -1 78.58 Fbl!:>2 39 36,62 112 38.92 4586. -12.05 -10R.25 ~ 

~ FtHUl 39 39.30 112 52.1.3 4816. -21.12 -1 8 5.16 Fbl~3 39 36.62 112 38.35 4589. -9.85 -166.1~ ~. 
Fbl02 39 38.30 112 51.92 4813. -18.55 -1 8 2,49 Fb154 39 30.62 112 37.79 4590. -8.58 -lO ~).12 

'-f-=bl03 39 37.70 112 51.74 4764, -19.27 - 181. 53 F8155 39 36.63 112 37.22 4603. -8.28 -1 0 5.05 '0 

03 



~ STAT 10rJ LATITUDE LONG!TUDE ELEV FREE SIMpLE S T f\ r lor" LATITUDE LONG!TUDE ELEV FREE SIMpLE ~. 
NUIV1uER DE~ MIN DEG MIN (FEET) AIR BOUGUER NUMbE.~ oE(;' i"HtJ o[G MIN (FEET) AIR BOUGUER .;; 

Fb156 39 36.63 36.67 461.3. -6.92 -1 64.04 H:k07 39 30.38 112 46.23 4899. 3.23 -1 0 .3.63 
g 

112 Cl 

FCn07 39 34.02 112 48.49 4744. -8.51 -1 7 0.09 Fti2U6 39 38,38 112 46.79 4879, -.40 -1 06.58 
.?;' 

~ Fbl08 3~ 34.02 112 47.93 4790. -7.28 -1 7 0. 4 3 FtJ209 39 38.38 112 47.35 487(J. -3.54 -1 6 9. 42 (\) 

Fb109 39 36.63 112 43.41 4600. -2.86 -10g.53 Ft3~lO 39 38.,37 112 43.37 4577. -5.65 -1 6 1. 04 "'=i 
~ Fb16U 39 36.63 112 43.97 4701. .36 -1~9.75 FbA::::l1 39 38.36 112 42.73 457 9 • -10,64 -1 0 6.60 '"" 

F8161 39 36.63 112 44.53 4751. 1.12 -1 6 0.70 Fbt:12 39 38.37 112 42.19 4~92. -12.66 -1 0 9.07 (J 

2i FlJl02 39 36.64 112 45.10 4810. .18 -1 6 .3. 65 Fu~13 39 38.41 112 41.79 4~80. -13.97 -1 69.97 ,,; 

Fu163 39 36.64 112 45.66 4932. 1.29 -1 66.69 FUi14 39 38.38 112 43.97 4569. -4.34 -1 6 0.64 ~. 

F8104 39 36.64 112 46.22 4960. 1.02 -1 6 7. 9 2 Fb215 39 38.38 112 44.54 4670. -1.64 -10 0. 87 ~ 
s.: Ftj165 39 36.64 112 46.78 5042. 2.72 -It>g.Ol Fb~16 39 38.38 112 45.10 4822. 3.13 - 161.11 ~ FtH66 39 36.20 112 46.79 5030. 2.32 -1 6 9.00 Fo.:::17 39 36.34 112 43.70 4602. -2.68 -1 59. 43 ~ Fb167 39 35.76 112 46.79 5000. .60 -1 69.70 Fb£:.:l~ 39 29.15 112 47.77 4562. -16.54 -1 7 1. 92 § 

FtH68 39 30.33 112 46.79 4863. -4.55 -1 7 0.19 Fb~19 39 2b.32 112 48.14 4563. -14.66 -1 7 0. 08 I'::> 
": 

FU169 39 34.90 112 46.79 4778. -7.68 -1 70.41 Fu2.20 39 27.44 112 1~8. 49 4567. -1.3.17 -10~.72 
Cl 
~ 

FtH 70 .39 34.90 112 47.36 4842. -5.36 -1 70. 28 Fb~~l 39 36.64 112 47.94 5070. 2.49 -1 7 0.19 OJ 
s.: Fb171 39 34,89 112 47.93 4895. -4.02 -1 7 0.75 Fo£:22 39 36.64 112 47.36 5135. 4.99 -16 9.91 ~ 
~ 
(\) Fb172 39 34.4~ 112 47.93 4839. -5.03 -1 6 9.85 Fb223 39 30.64 112 48.50 5053. 1.75 -1 7 0.35 A 

Fb173 39 34.90 112 51.30 4670. -14.40 -1 7 3.46 Fu~24 39 30.64 112 49.06 5007. -.87 -1 7 1. 4 1 ~ 
I:l FtH 74 39 34.90 112 50.74 4684. -14.04 -1 73.58 fb225 39 36.64 112 49.62 493~. -5.64 -1 7 3.73 

Ftd75 39 34.90 112 50.18 4710. -11.71 -1 72.1.3 Fbd:26 39 3ti.38 112 47.94 4828. -7.40 -1 7 1. 84 
Fb176 39 34.90 112 49.62 482 4 • -7.18 -1 71. 49 Fb12.27 39 32.48 112 38.23 4603. -19.75 -1 76.53 
F6.1.77 39 34+.90 112 49.06 4807. -6.95 -1 7 0. 6 7 FU228 39 32,79 112 38.02 4599. -18.93 -1 75. 5 7 
Fb178 39 3 .... 90 112 48.49 4847. -5.53 -1 7 0.62 Fuc:.29 39 33.09 112 37.79 4599. -17.42 -1 7 4.06 
Fb179 39 34.90 112 46.23 4757. -8.63 -1 7 0.66 Fbe:::.30 39 33.36 112 37.50 4599. -15.60 -1 72. 2 4 
f-blbO 39 34.90 112 45.66 4720. -9.48 -1 7 0.25 Fu231 39 33.63 112 37.25 4003. -13.37 -1 7 0.15 
Fb181 .39 34.90 112 45.10 4625. -11.43 -1 08.96 Fb232 39 34.06 112 36.86 460 4 , -9,81 -1 6 6,63 
FI:H82 39 34.90 112 44.54 4580. -10.71 -10 6.70 Fb233 39 3.3.1~ 112 46.24 It 571. -12,80 -1 68.49 
Fb183 39 34,90 112 43.98 4572. -9,40 -1 6 5.12 Fb~34 39 33.15 112 45.68 4564. -12.85 -1 6 P,.30 
Fb184 39 34.90 112 43.41 4567. -8.84 -1 64.39 Fb235 39 33.15 112 45.12 4564. -13.30 -1 08.75 
Fb185 39 34.90 112 42.85 4567. -8.44 -1 03. 99 Fb236 39 3,3.15 112 44.56 4563. -13.50 -1 68. 9 2 
Ftilb6 39 34,90 112 42.29 4~60. -8.83 -1 6 4. 34 FU237 39 33.1~ 112 43.99 4563. -13.52 -1 68. 9 3 
FLH87 39 34.90 112 41.74 4578. -9.38 -1 6 5. 3 0 Fti238 39 33.15 112 43.42 4562. -14.02 -H)9. 4 O 
FtHb8 39 34.90 112 40.60 4578. -12.17 -168.09 FlOOl 39 42.13 112 35.71 4704. -7.49 -!C>7.71 
Fbl89 39 34.90 112 40.04 4581. -13.24 -1 69.27 Fl 2 39 44.13 112 32.05 4930. .72 -1 61.40 
Fd190 39 34.89 112 39.48 4586. -13.43 -1 6 9.63 Fl 3 39 47.48 112 32.76 5170. -.25 -1 76.34 
Fb191 39 34,89 112 38.91 4591. -12.98 -1 6 Q.34 Flu04 39 47.50 112 32.54 517.3. -2.07 -1 78.27 
Fb192 39 40,55 112 47.89 4765. -15.70 -1 78. 0 0 Flu05 39 47.50 112 32.18 5172. -4.36 -1 8 0. 53 
Fb193 39 40.12 112 47.89 4754. -15.02 -1 76.94 FI006 39 47.52 112 31.83 5179. -5.16 -1 8 1,56 
F~194 39 39.68 112 47.90 4774. -12.30 -1 74.90 FI007 39 47,49 112 31.49 5179. -7.95 -1 8 4.34 
Fo.i95 39 39.2~ 112 47.89 4812. -10.56 -1 74. 46 FI008 39 47.45 112 31,14 5177. -10.10 -1 86. 4 3 
FlH96 39 39.25 112 47.34 4828. -6,74 -1 71.18 Fl 9 39 47.34 112 30.79 5151. -12.82 -1 88. 2 5 
Fb197 39 39.25 112 46.79 4855. -4,19 -1 69.55 Fl 10 39 47,20 112 30,34 5147. -14.69 -1 89.99 
Fb198 39 39.68 112 46,79 4840, -3.21 -1 08.06 Fl 11 39 47,13 112 30,03 5144, -16.05 -1 9 1. 2 5 
FlH99 39 40.12 112 46.79 4830, -6,59 - 17 1.10 Fl 12 39 46,99 112 29.51 5154. -17.70 -1 9 3. 24 
Fti200 39 39.25 112 40.23 4848. -.18 -1 6 5.30 Fl 13 39 46.92 112 29.11 5174. -17.88 -1 9 4.10 
Fec:.Ol 39 39.25 112 45.67 480.3. .95 -1 62. 64 Fl 14 39 46.79 112 28.81 5187. -it;,34 -1 95.01 
Fb~02 39 38,82 112 45.67 4852. .3.57 -1 6 1. 68 Fl 15 39 46.63 112 28.50 5175. -18.84 -1 95.10 
F6203 39 3~.38 112 45.67 4863. 3.66 -1 61. 97 Fl 16 39 46,~2 112 28.25 5176. -19.34 -1 95.64 
Fd204 39 37.9~ 112 45.67 4882. 2.58 -1 0 3.70 Fl 17 39 46.35 112 27,93 5174. -18.82 -1 9 5.04 
Fu~05 39 37.51 112 45.66 4890. 2.76 -1 6 3.80 F1 18 39 46.15 112 27.58 5160. -18.99 -1 9 4.74 
Fb~U6 39 37,07 112 4~ .. 67 4912_ 1 _ 7(-, _1hr..: '-\Ll Fl 19 39 46.03 112 27.31 5183. -17.77 -1 9 4.30 v, 

V,J 



STATlON LATITUDE LONGITUDE: ELEV FREE SIMpLE STA 1101" LATlTUDE LONGITUDE ELEV FREE SIMI-'LE v, 
-r::.. NUt-'uER DEG MIN DEG MIN (FEET) AIR FWUGUER i~UMuE.R DEG MIN DlG MIN (FEET) AIR BOU GU ER 

Fl 20 39 47.48 112 33.14 5182. 2.51 -1 73.99 Fl 71 39 43.43 112 50.28 5144. -3.84 -17g.0~) 
Fl 21 39 47.47 112 33.48 5230. 4.87 -1 73.26 Fl 72 39 43.37 112 50.74 5125. -6.60 -1 8 1.15 
Fl 22 39 47.31 112 33.74 524~. ~.49 -1 7 3.16 Fl 73 39 43.24 112 51.03 5108. -8.27 -H~2.2~ 
Fl 23 39 47.38 112 33.98 5223, 4.75 -1 73.14 Fl 74 39 43.06 112 51.48 5103. -11.29 -1 85.18 
Fl 24 39 47.48 112 34.21 5195. 3.38 -1 73.57 F1 75 39 42.74 112 52.07 5079. -12.57 -1 85.56 
Fl 25 39 47.58 112 34.46 5163, 1.12 -1 74.74 Fl 76 39 42.58 112 52,38 5065. -13.2 n -1 85.72 
F1 26 39 47.73 112 34,71 5127, -.29 -1 74.91 Fl 77 39 37,48 112 52.61 5061. -~.92 -1 7 R.29 ? F1 27 39 47.88 112 34,94 5098, -1,56 -1 75.20 Fl 78 39 42,27 112 53.03 5056, -12.32 -1 8 4.52 
Fl 28 39 48.11 112 ~5,31 5057. -3.19 -17~.43 Fl 79 39 42,07 112 53.44 5039. -11.41 -1 8 3.04 
Fl 29 39 48.21 112 35.61 5018. -2.94 -1"3.85 Fl 80 39 41.87 112 53,85 5050. -9,24 -1 8 1. 24 
Fl 30 39 48.34 112 35.94 4976. -3.62 -1 73.10 Fl 81 39 41,80 112 54,40 5117, -4.42 -17A.69 
Fl 31 39 48.41 112 36,25 4953, -4.92 -1 73.62 Fl 82 39 41.84 112 54.85 5135. -,93 -1 75. 83 
Fl 32 39 48.40 112 36.66 4932. -5.35 -1 7 3.33 F1 83 39 41.86 112 55,18 5160, 4,55 -1 71. 2 0 Fl 33 39 48.30 112 37.UO 4928. -5.35 -1 73.20 Fl 84 39 41,90 112 55,57 5199, 5,15 -1 71. 93 
Fl 34 39 48.24 112 37.40 4921. -6.4~ -1 74.04 Fl 85 39 41,92 112 56.75 5105, -1.22 -1 75,10 Fl 35 39 48,09 11 2 37.75 4904. -7.04 -1 74,07 F1 86 39 30.53 112 41.20 4572, -23,36 -1 79.08 Fl 36 39 47.95 112 38.07 1.+888. -7.02 -1 73.51 F1 87 39 30,97 112 41.17 4576, -22,00 -1 77,87 Fl 37 39 47.83 112 :38.J5 4882. -6.73 -1 73.02 F1 88 39 31.40 112 41.17 4574. -20,81 -1 76,62 Fl 38 39 47.68 112 .38. 72 4860. -7.38 -1 72. 9 1 Fl 89 39 31.62 112 41.27 4575, -20.11 -1 75. 94 Fl 39 39 47.55 112 39.01 1.+845, -7.42 -1 72,44 F1 90 39 31.98 112 41.34 4576, -19.48 -1 75,34 Fl 40 39 47.44 112 39.28 4828, -7.54 -1 71. 9 8 F1 91 39 32,10 112 41.37 4573, -19.18 -1 74.93 Fl 41 39 47.30 112 ~9.61 4815. -7.4 Q -1 7 1.1.+9 Fl 93 39 32,54 112 41.44 4575, -18.10 -1 73. 92 Fl 42 39 47.09 112 4U.01 4803. -7.7ft -1 71.37 F1 92 39 32.32 112 41,40 4575. -18.60 -1 74. 4 1 Fl 43 39 46.94 112 40.29 4794, -8.18 -1 -' 1.46 Fl 94 39 32,76 112 41.47 4573. -17,77 -1 7.3,54 
Fl 44 39 46,81 112 40.58 4813. -8.33 -1 72.2.6 Fl 95 39 32.97 112 41.50 4573, -17,27 -1 73.03 
Fl 45 39 46.68 112 40,84 4804. -9.33 -1 72.96 F1 96 39 33,52 112 41,57 4573. -16,10 -1 71. 8 5 
Fl 46 39 46.24 112 41.16 4777, -8.7R -1 71. 48 FI 97 39 33,94 112 41,60 4581, -13,98 -1 7 0. 00 
F1 47 39 46.10 112 41.40 4760. -1U.1:3 -1 72.25 Fl 98 39 34,25 112 41.67 4578. -12.33 -1 6 8. 25 Fl 48 39 45.93 112 41.78 4749. -11.26 -1 7 3.00 F1 99 39 34.52 112 41.70 4578, -10,95 -1 66. 8 7 
FJ. 49 39 45.79 112 42.06 4743, -11.84 -17.3. 4 0 F110Q 39 34,94 112 41.77 4575, -9.26 -1 65,10 
F1 ~O 39 45.64 112 42.29 4703, -13.67 -1 73,85 FlI01 39 35.23 112 41,79 4581. -7.86 -1 0 3.90 
Fl 51 39 4~.38 112 42.68 4b64 • -16.12 -1 74.98 F1102 39 3~.50 112 41.85 4578. -7.63 -1 6 3.55 
F1 52 39 45.19 112 42,94 4656. -17.70 -1 76,29 F1I03 39 34,67 112 41.17 4578, -11.33 -1 67,26 
FJ. 53 39 4~.05 112 43.22 4640. -20.23 -1 78.26 FII04 39 34,90 112 41,16 4579. -10.53 -1 06. 49 
Fl 54 39 45.02 112 43.55 4631, -22.4R -1 8 0. 2 1 FIl05 39 34.91 112 40.60 4573, -12.28 -1 68.04 
Fl 55 39 44.91 112 44.57 4~99, -25,14 -1 8 1. 78 F1106 39 34.91 112 40,15 4576, -13.19 -1 6 9.06 
Fl 56 39 44.77 112 45.70 4712. -20,41 -1 8 0.90 F1l07 39 35,34 112 41,16 4581, -9,59 -1 6 5.61 ~ Fl 57 39 44.98 112 43.87 4602, -24.56 -1 8 1. 32 FilO8 39 35,76 112 41.16 4582. -9,31 -1 05. 38 ;::;-
Fl 58 39 44.95 112 44,19 4596. -24.95 -1 8 1,49 FII09 39 36,21 112 41,17 4586. -9.19 -1 6 5.37 (J 

<1:l Fl 59 39 44.85 112 44,98 463U, -23,39 - 181.0Q FIl10 39 36,63 112 41.17 4584. -10.06 -1 66.19 a a-FI 60 39 44.80 112 45,47 4678, -21.91 -1 8 1. 24 Fl1l1 39 40,04 112 38.92 4587, -38,23 -1 94,46 ? ~ FI 61 39 44.68 112 46,33 4798, -16,04 -1 79. 46 F1112 39 40,47 112 38.92 4590, -37,42 -1 93,76 ? ~ Fl 62 39 44.63 112 46.77 4868, -12.94 -1 78.70 Fl113 39 40,91 112 38.92 4592, -36.79 -1 9 3,19 ? g. 
Fl 63 39 44.65 112 47.09 4917, -11.54 -1 79. 01 Fll14 39 31.88 112 38.63 4597. -21.71 -1 78.28 .0, 
Fl 64 39 44.64 112 47.77 5046, -5.75 -1 77.62 Fl115 39 32.17 112 38.44 4596, -21.15 -1 7 7.69 ~ Fl 65 39 44.36 112 48.00 5072, -5.34 -1 713. 09 F~ 01 39 42.12 112 35,71 4704, -7.70 -1 67.92 Fl 66 39 44.21 112 48,28 5106, -3,76 - 177. 67 F2 2 39 44.13 112 32.05 4936. .08 -1 6 B,04 .--
Fl 67 39 44,02 112 48.71 5095, -5,09 -l78. 62 F2 3 39 44,23 112 31,77 4941, -1.90 -1 70 .20 ~ ...., Fl 68 39 4.3.88 112 49.1A 5126. -2.74 -1 77. 33 F~ 4 39 44.33 112 31.55 4944. -3.77 -1 72.l8 s· 

~ Fl 69 39 43.73 112 49.60 5130. -3,00 -1 77.73 F~ 5 39 44.42 112 31.30 4951. -5.8~ -1 7 1.+. 48 ....... Fl 70 39 43,68 112 49,83 5125, -3.27 -1 1],84 F2 6 39 44,52 112 31,02 4956. -8.54 -1 71,.33 \Q 

C;3 



STAT lO r, LA TITUDE STATIOrJ LATITUDE LONGITUDE F:LEV FREE SIMpLE ~ LOr4G I TUDE ELEV FREE SIM pLE ~ . NUMbER DEG MIN D~_ G MIN (FEET) AIR BOUGUER rWllIJt)ER DEC, MIN DEG MIrJ (FEET) AIR BOUGUER .S-

Fe:: 7 39 44.67 112 30.62 4966. -11.37 -1 8 0. 5 2 F~ 58 39 39.85 112 50.34 4810. -18.63 -1t;2,45 
g 
0 

F, 8 39 44.79 112 30.35 4972. -14.83 -18,...17 Fe:: 59 39 39.69 112 ,0.88 4811. -lb.99 -1 8 2. 8 6 ."'" 
~ F2 9 39 44.92 112 30.01 4988, -16,03 -1 8 5,92 Fi:. 6l) 39 39.54 112 51,33 4815. -19,23 -1 8 3. 2 2 til 

F~ 10 39 46.01 112 27.24 5193, -17.36 -19,-+.23 F~ 61 39 39.43 112 51,71 4817. -20,26 -H~4, 34 "=s 
~ 

F~ 11 39 40.03 112 27,31 5183, -17,74 -1 9 ,...27 F~ 62 39 39,29 112 52.12 4816. -21,0.3 -1 8 5,06 '" 
F' 12 .39 45.69 112 26,00 5111, -19.78 -1 9 3.8!) F2 63 .39 39.10 112 52.73 4824 , -20,11 -1 8 4,40 CJ ..., 
F2 13 39 4~.3~ 112 28,89 5042, -19.18 -1 9 0. 9 2 Fe:: 64 39 38.96 112 53.18 48.32, -18.61 -1 8 3.19 

;::, 
'<:: 

F~ 14 39 45.11 112 29.51 5014. -17.7(1 -1 88. 4 8 F~ 65 39 38.86 112 53.49 46.37. -18.41 -1 8 3.17 ~. 

F-~ 15 39 44.03 112 32,22 4926 • ,44 -1 6 7.34 F-e:: 66 39 38.7.3 112 53.91 4844, -18.44 -1 8 .3,43 ~ 

S:? F2 16 39 43,91 112 32.40 4918, -,42 -1 6 7,93 F2 67 39 38.55 112 54.66 4854, -16.7Q -1 8 2.11 ~ Fi 17 39 4.3.7';) 112 32,65 4b98. -.39 -1 6 7. 21 F2 68 39 38,48 112 55.00 4856, -16.12 -1 8 1.52 ;!l F2 18 39 4J.58 112 ~2.91 4880, -1,29 -H>7,50 Fe. 69 39 38,.38 112 55,39 4867, -13,61 -1 79,40 § 
F~ 19 39 4.3,33 112 33.30 4650, -2,29 -1 6 7. 48 F2 70 39 38,37 112 55,78 4876, -13.38 -1 79. 4 6 ;::, ..., 
F2 20 39 42,97 112 33.89 4812, -3,50 -1 6 7,40 F.2 71 39 38,36 112 56,10 4881, -12,32 -1 7 8. 56 0 

~ 
F2 21 .39 42.52 112 34,62 4753, -6.57 -1 6 8.45 F2 72 39 38.06 112 56,55 4858, -13.88 -17q.35 b::I 
F~ 22 39 42.19 112 35,19 4716, -7.65 -1 6 1:),27 Fe. 73 39 37.81 112 56,9.3 4885. -13.89 -1 8 0. 2 8 ~ 
Fe:: 23 39 42.92 112 35.77 4739. -5.36 -1 66.77 F2 74 39 37,52 112 57.43 4932, -9,81 -1 77.80 

til 

::t:.. 
Fe:: 24 39 4.3.16 112 30.81 4774. -2.58 -1 6 5,19 Fe::: 70 39 41,86 112 44.93 4604. -1,+.38 - 171.19 

..., 
~ 

F~ 20 .39 43.69 112 35,87 4839, -1.37 -1 66.18 Fe:: 76 39 42.20 112 40.00 4603. -17.17 -1 7 3. 95 
f~ 26 39 44.36 112 35.94 495.3, 1.61 -1 6 7,09 F~ 77 39 42.76 112 45.09 4598, -21.57 -1 7 8.18 
Fe:: 27 39 41.10 112 35,63 4657. -10.12 -16~.74 F~ 78 39 4.3.51 112 45,04 4596, -23,98 -lBO.52 
Fe:! 28 39 41,62 lIZ 35.67 4083, -8,50 -1 6 8.00 F~ 79 39 44.22 112 44.78 4600. -24.53 -1 8 1. 2 1 
F2 29 39 42.15 112 36.55 4678. -7,72. -H>7.05 ~· 2 80 .39 44.91 112 44.57 4599, -25.09 -1 8 1,73 
F2 30 39 42.17 112 37,45 4659. -~.04 -16.3.74 Fe:: 81 39 45.05 112 4.3.23 4640, -20,21 -1 78.25 
F~ 31 39 42.20 112 38.32 4648. -3.76 -1 6 2.07 F~ 82 39 44.64 112 43,05 4631, -19.52 -1 7 7. 26 
Fi:. 32 .3':1 42,13 112 38,78 4638. -3.80 -1 6 1.77 F2 83 39 44,21 112 42,93 4621, -19.22 -1 76. 6 2 
F2 33 39 42.05 112 39.55 4622. -5.01 -1 6 2. 44 Fe:! 84 39 4.3,79 112 42.82 4620. -17.89 -1 75,25 
F2 34 39 41,96 112 4U,34 4612, -7.82 -1 6 .. , ':H F2 85 39 43,36 112 42.70 4617. -16.96 -1 7 4.20 
F2 35 39 41.80 112 41,17 4606, -11,35 -1 6 8.22 F~ 86 39 42.83 112 42.56 4611, -16.43 -1 7 1.47 
F~ 36 39 41.72 112 42.26 4601. -14.40 -1 71.17 F2 87 39 42.40 112 42.45 4607. -15,90 -1 7 2.83 
F2 37 39 41.65 112 42.88 4596. -14.77 -1 7 1. 3 2 Fe::: 88 39 42.,06 112 42,.35 4604. -15,04 -1 7 1. 85 
F2 .38 39 41.57 112 43,43 4591. -13,88 -1 7 0. 2 5 Fe:: (19 39 40.67 112 35.59 4652. -10.72 -1 6 y .16 
Fi:. 39 39 41.52 112 43.87 4588. -1.3.66 -1 6 9.93 F2 90 39 40,45 112 35.57 4648. -10.99 -1 6 9,31 
F2 40 39 41.48 112 44,18 4595, -13.02 -1 6 9.53 Fe::: CJl 39 40,10 112 35.54 4644. -11.44 -1 6 9.61 
Fe:! 41 39 41.43 112 44.51 4601, -12.06 -1 6 8,76 Fe::: 92 39 39,69 112 35,50 4639. -11.25 -1 6 9. 27 
Fe::: 42 39 41.43 112 44.82 4608. -11.17 -1 6 8.11 Fe::: 93 39 38.95 112 35,45 4638. -8.66 -l b6,63 
F~ 43 39 41.48 112 45.12 4611, -11,37 -1 6 8,41 F2 94 39 38.~3 112 35,42 4642. -6.53 -1 6 4. 6 2 
F2 44 39 41.53 112 45,39 4619. -11.60 -1 6 8 .92 Fi 95 39 38,19 112 3~ • .38 4648. -5.09 -1 6 3. 39 
Fe:: 45 39 41,38 112 45.54 4629, -11.57 -1 69. 23 F2. 96 39 37.91 112 . 35,37 4b48 • -4.46 -1 6 2. 7 8 
F2 46 39 41.32 112 45,76 4635. -12.64 -1 70.50 ...-2 97 .39 37.43 112 35.33 4650. -4,42 -1 6 2.80 
F2 47 3CJ 41.20 112 46.00 4646. -12,37 -1 7 0. 6 1 Fi:. 98 39 36.87 112 35,40 4647. -4,71 -1 6 2.97 
F2 48 39 41.07 112 46.29 4656, -12,60 -1 7 1,19 F2 99 39 36,44 112 35.45 4645. -4.69 -1 6 2,88 
F~ 49 39 40.94 112 46.53 4670. -13,11 -1 72,15 F2100 39 30.94 112 35.53 4636, -4,65 -1 6 2.54 
F2 5U 3i:J 40.80 112 46,81 4689. -14,23 -1 7 3.93 F2101 39 35.20 112 35.80 4627. -4.62 -1 6 2. 2 0 
F2 51 39 40,67 112 47.00 4706, -14.23 -1 74.52 F~102 39 34,6.3 112 36.06 4618. -5,22 -1 6 2,50 
F~ 52 .39 40.57 112 47.24 4719. -14.7.3 -1 7 5,46 F~lU3 .39 34.05 112 36.87 4b04. -9.84 -1 6 6.65 
Fi::: ~3 39 40.52 112 47.54 4742. -14,99 -1 76.50 F~104 39 32.17 112 38.44 4596. -21.10 -1 77.64 
F2 54 39 40.43 112 47.84 4761. -15.80 -1 77,96 Kt.b 39 43.08 112 51,42 5103. -10,75 -1 8 4,56 
F~ 55 39 40.35 112 48.27 4720. -18,50 -1 79.26 7'::502 39 43.43 112 50.28 5144. -3.9.3 -17 g .1.3 
i-=~ 56 39 40,22 112 49.04 4762. -18.90 -1 8 1.11 72~03 3') 43.89 112 49.17 5126, -1.44 -1 7 6 . 0 .3 
F2 57 39 40.06 112 49,70 4794. -19.23 -1 8 2,52 7~5U4 39 44.22 112 48.29 5106. -6,80 -1 8 0 . 7 1 v, 

v, 



v, 
0-. STAT 101'4 LATITUDE LONGITUOE ELEV FREE SIrviPLE STA1ION LATITUDE LOI~GITUOE ELEV FREE SIMpLE 

NUMbE~ DEG MIN OEG MIN lFEET) AIR BOUGUER t'4Utvlb£R DE~ MIN DEG MIN (FEET) AIR BOUGUER 
72!:>0t) 39 4~.65 112 47.77 5046. -~.B4 -1 77.71 7~U26 39 43.58 112 56.91 5333. 19.9n -16 1.77 72!:>06 39 44.63 112 46.77 4868. -13.09 -1 78.90 72027 39 43.06 112 57.07 5223. 12.53 -1 6 5. 37 72507 39 44.77 112 45.70 4712. -19.52 -lBO.O! 72028 39 42.11 112 57.06 5096, 7.95 -1 6 5.85 7,~08 39 4~.23 112 44.70 4599. -25.51 -1 8 2.15 72029 39 41.90 112 56.74 5105, 11.32 -1 0 2.56 72!:>09 34 44.01 124 46.30 4bOU, -24.79 -1 8 1. 4 7 72030 39 41.84 112 54.84 5135. 11.77 -1 6 3.13 72510 .39 43.52 112 45.05 4596. -24.03 -1 8 0.57 72031 39 41.88 112 53.85 ~050. 3.67 -1 6 8.34 72511 .39 42.77 112 45.07 4598. -21.57 -1 78.18 7~u.32 39 42.28 112 53.04 5056. .18 -1 72.02 72512 39 42.12 112 45.45 4603. -17.05 -1 7 3.8.3 72035 .39 44.61 112 52.48 5318. 12.73 -1°8. 4 0 7251.3 39 41 • .39 112 45.55 4629. -11.50 -1 6g.17 72u36 39 4..3.94 112 53.79 5318. 11.59 -169.55 72514 39 40.79 112 46.81 46b9. -14.09 -1 7 3.80 72037 .39 43.59 112 53.53 5249. -3.08 - 181. 86 72!:>15 .39 40.53 112 47.54 4742, -14.93 -1 76. 44 72039 .39 41.64 112 57.78 5026. -10 • .36 -1 8 1.54 72516 39 40.47 112 47.84 4761. -15.74 -1 7 7. 90 72040 .39 41 • .37 112 58.87 4973. -16.97 -1 86.35 72517 39 42.32 112 50.94 4995. -17.86 -1 8 7.10 72041 39 41.2U 112 59.89 4971. -20.76 -1 9 0. 07 72518 .39 41.72 112 50.22 490~. -20.7n - 186,24 7C:::042 39 41.87 113 .27 4994. -18,07 -1 8 8.16 72~19 39 40.94 112 49.99 485~. -21.80 -18~)."+7 7(::lJ43 39 44,25 112: 5'1.95 499 4 , -19 • .3A -1 9 1. 24 72520 39 40.07 112 49,70 4794. -19.22 -1 8 2,51 7,C44 39 44,06 112 58.60 5217. -3.8~ -1 8 1.34 72~21 .39 .39.30 112 49,44 4780. -17.79 -1 BO.60 7i::.u77 39 42.72 112 52.65 5297. 1.85 -1 78,57 7,~22 39 .39.69 112 50.87 4811. -19.24 - 183.10 7~O78 39 43,12 112 55.04 ~484. 10,53 -1 76.26 72523 .39 .39.29 112 52,14 4816. -21.07 -18::,,10 762080 .39 44.88 112 53.75 5543. 10.33 -1 7 21. 4 7 72~24 .39 .38.97 112 53.18 4830. -19.01 -1 8 3. 4 3 7(::111 .39 44.51 112 51.85 5367. 3.67 -1 79.13 72~25 .39 .38.56 112 54.64 4672. -22,14 -1 8 5.52 
72526 .39 38.37 112 ,5.78 4876. -13 • .32 -1 79.39 
72~27 .39 .38 • .35 112 56,10 4881. -12.23 -1 78. 48 
72528 39 .37.53 112 57.42 49.32. -9.80 - 177,78 
7,~29 .39 .37,94 112 58,49 4964 • -13.11 - 182,18 
72~30 .39 38.41 112 59.51 5026. -15.01 -1 86.20 
72~.31 39 38.23 112 56.97 4885, -12,52 -1 78.90 
72~32 39 38.77 112 57.06 4890. -12.12 -1 78,67 
7e::53.3 3'1 39.37 112 56.82 4945. -10.63 -1 79,06 
72~34 .39 39.90 112 56.59 5023. -4,89 -1 7 ,:>,97 
7~~35 39 40,54 112 56.81 5051, -1.76 -1 7 3.80 
7~~36 39 40.56 112 49,42 4805. -17.96 -1 8 1. 85 
7,~37 .39 41.09 112 48.58 4760. -18.09 -1 8 0.42 
72~38 39 41.59 112 47.79 4735. -17,35 -1 78. 64 
72~39 39 41.85 112 47.36 4721. -17.10 -1 7 7,90 
72!:>42 .39 41.87 112 55.87 5168, 2,70 -1 7 .3.33 

c::: 7e::S44 39 41.85 112 157.01 5078. -5.4~ -1 78. 4 1 
i:;' 72558 39 40.12 112 54.93 SOlS. -4,94 -1 7 5.75 ~ 

CJ 72559 39 40,21 112 55.26 S030. -5.35 -1 76. 6 7 
~ a 72~60 39 39,42 112 55.44 4990. -7.17 -1 7 7.13 a 7c::t>61 39 .38,80 112 55.78 49.38, -10.71 - 178. 90 
~ 72562 .39 44.11 112 50.97 5290, 2.53 -1 77.65 

~ 72~72 39 45,04 112 43,22 46.38. -20.29 -1 78. 25 
72':>73 39 45.62 112 42.28 4703. -1.3.36 -1 7 3.55 ,v, 7i.574 39 44.09 112 41.45 4763. -6.74 -1 6 13.97 

~ 72575 39 44.65 112 40.84 4805. -5.91 -16g.55 
, ....... 72576 .39 47.08 112 40.04 Ab03. -7.46 -1 7 1. 05 
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STRATIGRAPHY OF THE COAL-BEARING BLACKHAWK FORMATION 

ON NORTH HORN MOUNTAIN, WASATCH PLATEAU, UTAH 

ABSTRACT 

Coal- bearing rocks of the 
Cretaceous Blackhawk Formation crop 
out along the eastern margin of the 
Wasatch Plateau in central Utah. On 
North Horn Mountain the Blackhawk 
For mation ranges from 215 to 290 
meters in thickness and consists of inter
bedded sandstone, shale, siltstone, car
bonaceous shale, coal, and limestone. The 
lower half of the formation, which con
tains the economically important coal 
beds, was deposited predominantly in a 
s hall 0 w wa t e r , wave-modified delta 
system. The upper half of the unit was 
deposited in fluvial environments of 
meandering streams and floodplains. The 
source for the clastic sediments of the 
Blackhawk Formation was to the west. 

Potentially minable coal exists in 
the Hiawatha and Blind Canyon beds and 
possibly in the Bear Canyon bed. The 
thickest beds were measured in the south
eastern part of the study area, with 5.3 
meters of the Blind Canyon bed found in 
one measured section. These coals are 
high quality and have lateral continuity, 
but the thickness varies and scattered 
wants and splits are to be found. Coal 
reserves on North Horn Mountain are 
large and should become an important 
source of supply for local and regional 
markets. 

INTRODUCTION 

Location and Accessibility 

North Horn Mountain, on the east
ern edge of the Wasatch Plateau in central 
Utah (figure 1), is approximately 50 kilo
meters south of the city of Price, Utah, 
and directly west of the small towns of 
Castle Dale and Orangeville (figure 2) . 
The general area may be reached via Utah 
State Highway 10 which extends in a 
southerly direction from Price to Castle 
Dale. Utah State Highway 29 joins State 
highway lOa few miles north of Castle 

1 823 Saranac , Mesa, Arizona, 85208 

By Jan L. Johnson 1 

Dale, and, after passing through Orange
ville , traverses Straight Canyon on the 
north side of North Horn Mountain to 
J oes Valley Reservoir. 

Physical Features 

North Horn Mountain is bounded 
on the west side by J oes Valley, a north -
south trending graben, and on the east by 
Castle Valley. Straight Canyon and Rock 
Canyon form its northern and southern 
boundaries. 

The relief between Castle Dale and 
Orangeville and The Cap at the top of the 
mountain (figure 2) is 1,170 meters, and 
the cliffs are approximately 500 meters 
high along Castle Valley. The major coal
bearing strata are found one third of the 
distance from the base to the top of the 
cliffs, near the base of the Blackhawk 
Formation. 

GEOLOGY 

The coal-bearing strata are found in 
nearly flat-lying Cretaceous fluvial and 
shallow marine sediments in the Wasatch 
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• Salt Lake City 
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LakeV 

STUDY • Pr Ice 
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Figure 1. Index Map 
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Plateau. Figure 3 is a geologic map of the 
study area showing the locations of eight 
stratigraphic sections measured for this 
report (see Appendix A). 

STRATIGRAPHY 

The generalized Cretaceous strati
graphy for the Wasatch Plateau area is 
shown on figure 4. The units exposed 
range from the Masuk Shale Member of 
the upper Cretaceous Mancos Shale at the 
base of North Horn Mountain to the early 
Tertiary Flagstaff Formation at the top 
of the mountain. Except for the more 
comprehensive explanation and de
scription of the Blackhawk Formation, a 
short discussion of each unit follows, 
from older to younger. 

Mancos Shale 

The Mancos Shale is predominantly 
marine shale with two major sandstone 
members that range from shallow marine 
to deltaic plain type deposits. It is divided 
into five members, which in ascending 
order are: Tununk Shale, Ferron Sand
stone, Blue Gate Shale, Emery Sandstone, 
and Masuk Shale. The upper Mancos is 
the open water equivalent of the flu
viatile, deltaic, and barrier beach-lagoon 
facies found in the Mesaverde Group. 

Mesaverde Group 

The Mancos Shale is overlain by the 
Mesaverde Group, which, from older to 
younger, includes the Star Point Sand
stone, the Blackhawk Formation, the 
Castlegate Sandstone and the Price River 
Formation . 

Star Point Sandstone 

The Star Point sandstone, in its 
type locality, consists of three prominent 
sandstones separated by shales or partings 
of thin~bedded sandstone. These three 
sandstones are designated, in ascending 
order, the Panther, Storrs, and Spring 
Canyon Tongues by Clark (1928). 
Spieker (1931, p. 21-27) states that the 
Star Point sandstones were regressive, 
pro grading beach near-shore deposits. 
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Howard (1966,1975) indicates that parts 
of the Star Point are of deltaic origin . In 
the study area near measured section 3, 
(figure 2) a few thin discontinuous coal 
beds are found in the upper part of the 
Spring Canyon Sandstone. This sandstone 
is bleached white below the overlying 
Hiawatha coal bed of the Blackhawk For
mation where the iron was leached from 
the sandy sediments beneath the swamp 
in which the coal was formed (Young, 
1966, p. 13). The bleached sandstone 
makes an excellent marker bed and guide 
for the Hiawatha coal bed. 

Blackhawk Formation 

The Blackhawk Formation is Upper 
Cretaceous of Montanan (Campanian) 
age . Peterson and Ryder (1975) and 
Maxfield (1976) indicate that the Black
ha wk Formation is time stratigraphically 
equivalent to the Masuk Shale Member of 
the Mancos Shale in the Henry 
Mountains. In the study area the Masuk 
Shale underlies the Star Point Sandstone. 
Young (1955 , 1966) demonstrates that 
the Blackhawk Formation intertongues 
with the Mancos Shale in the Book Cliffs. 
He also indicates that the wesward equiv
alent of the Blackhawk is the upper part 
of the Indianola Group. A diagram from 
Armstrong (1968) shown in McGookey 
and others (1972, p. 192) illustrates the 
Blackhawk Formation to be equivalent to 
the South Flat Formation (a conglom
erate) of the Gunnison Plateau. Hintze 
(1973) also follows this correlation. 

Spieker and Reeside (1925) named 
the Blackhawk Formation and designated 
the type section near what was then the 
Blackhawk mine (later called the King 
No. 1 mine) near Hiawatha, Utah. The 
formation included the coal-bearing rocks 
of the Book Cliffs and the Wasatch 
Plateau that are below the Castlegate 
Sandstone Member of the Price River 
Formation. Young (1955) redefined the 
lower boundary of the Blackhawk to in
clude the upper standstone of the Star 
Point Formation and designated six mem
bers in the Book Cliffs. In this study, the 
usage of Spieker and Reeside is followed; 
the base of the Blackhawk Formation is 
considered the lowermost coal or associ
ated swamp facies above the Star Point 
Formation. 

The Blackhawk Formation consists 
of interbedded and interfingering shale, 
sandstone, siltstone, limestone, and coal. 
Each member is associated with a prom
inent littoral sandstone; in ascending 
order these are: Spring Canyon, 
Aberdeen, Kenilworth, Sunnyside, Grassy, 
and Desert Members. At the western end 
of the Book Cliffs and in the eastern part 
of the Wasatch Plateau, only the lower 
two of these members are present. Seven 
complete stratigraphic sections and one 
partial section of the Blackhawk For
mation were measured in the study area. 
The lithologic descriptions are included as 
Appendix A. 

Thin section studies show the sands 
in the Blackhawk to be fine to medium 
grained, subrounded to angular, and well 
to moderately sorted. They range from 
almost pure quartz sands to sands 
containing considerable amounts of 
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carbonate material both as detrital grains 
and in the interstices between grains. 
There is a widespread occurrence of 
clastic ankerite (or dolomite), found in 
varying amounts in both the channel 
sandstones and the more laterally con
tinuous sandstones . In some sandstone 
samples the carbonate grains appear to 
have been the nuclei for ankeritization or 
dolomitization of the matrix and quartz 
grains. Some lenticular sandstone bodies 
grade laterally and vertically into inter
bedded shale, siltstone, and sandstone, 
and finally into shale. 

Normally the siltstones are similar 
in character to the sandstones but are 
finer grained, especially where they are 
associated with sandstone bodies. Where 
the siltstones are found interbedded with 
shales, they tend to have a higher clay 
content and to resemble the shales in 
color and outward appearance. 

Shales range from claystone to 
highly silty and sandy shales. They fall 
naturally into two categories; (1) the 
brown to black carbonaceous varieties 
and (2) the gray, calcareous varieties. The 
carbonaceous shales occur in interbedded 
sequences with the gray shales, siltstones, 
and sandstones. The carbonaceous shales 
are also found associated with coal beds 
as underclays and, locally , are found 
above them. The shales range from brown 
to black to bony coals (coals with high 
sediment content). The gray calcareous 
shales also are commonly in interbedded 
sandstone-siltstone-shale sequences with 
some minor carbonaceous shale interbeds. 

Most carbonate rocks are found in
terbedded with shales and silty shales. 
They occur in thin beds not easily recog
nized in the field. Typically, they contain 
varying amounts of clastic material or 
appear to be shales that have been dia
genetically replaced by carbonate. The 
carbonates are typically gray to tan, 
dense, and fine-grained to micro
crystalline, with no evident fossils other 
than plant debris. 

Throughout the area the coals of 
the Blackhawk Formation vary greatly in 
quality and thickness. The thickest min
able coals are found in the lowermost 
part of the formation and have rather 
consistantly high percentages of vitrain 
and resin with varying amounts of durain 
and fusain . Coal beds found higher in the 
section show more lateral variation, are 
thinner, and generally of lower quality ; 
they also tend to have higher amounts of 
durain and fusain, (may have some resin) 
and a higher silt and clay content. Coals 
are commonly weathered (oxidized) at 
least 1 meter in from the outcrop surface 
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and have a slightly dull luster. They ex
hibit apparent cleating, but this may be a 
weathering phenomenon. 

The correlation between the meas
ured sections described in Appendix A is 
shown on the fence diagram in figure 5: 
the locations of the sections are shown on 
figures 2 and 3. The base of the Castle
gate Sandstone is the datum for the 
columns. Measured section 6 has been 
shifted west for ease in drafting. Meas
ured section 4 is omitted because it is not 
complete. The geologic map (figure 3) 
shows the lateral distribution of the sand
stone and major coal units. 

The Blackhawk Formation is char
acterized by both vertical and lateral 
facies changes. Measured section 6 (figure 
6) was chosen as representative of the ver
tical variation in lithology. (Figure 7 
shows the traverse of measured section 6 
up the side of Wash Canyon.) There is a 
distinct difference in the overall abun
dance and thickness of different rock 
types in the lower half of the Blackhawk 
Formation (unit 2 through unit 42) and 
in the upper half of the formation (unit 
43 through unit 62). 

The lower part is characterized by 
the following: (I) thin sandstone units, 
many of which are laterally discontinuous 
and lenticular; (2) a high proportion of 
carbonaceous shale and coal with thick 
and laterally continuous coal beds, 
especially near the base of the formation; 
(3) the presence of thin limestone beds 
(that are absent in the upper part of the 
formation); and (4) a high proportion of 
siltstone and sandstone beds in the shale 
units between the prominent sandstone 
units. 

Lateral facies changes in the for
mation were investigated by tracing seg
ments of measured section 6 laterally. 
The coal of unit 3, which has been desig
nated the Hiawatha bed, varies in thick
ness with a maximum of about 3 or 4 
meters in the vicinity of the Killpack and 
Axel Anderson mines (figure 3). In some 
areas lenticular sandstone bodies create 
partial or complete wants in the under
lying coal. Figure 5 shows an example of 
this type of want in the Bear Canyon coal 
bed between measured section 7 and 
UGMS drill hole 6. Unit 30, a fine 
grained, thin- to medium-bedded sand
stone with small-scale cross-bedding, rip
ples, minor convolute bedding, and minor 
shale interbeds, grades to the south into a 
massive sandstone with prominent cross~ 
bedding and convolute bedding. This mas
sive sandstone replaces the underlying 
coal beds. Several of the lenticular sand
stone bodies examined have angular to 
round shale clasts in their lower part. 

Coal beds are commonly located 
within gray shale-siltstone-sandstone se
quences or above sandstone units, with 
rarely more than a couple of meters of 
gray and carbonaceous shale between 
sandstone and coal. The Hiawatha bed in 
many places has a dusky yellowish brown 
underclay containing bands and frag
ments of coal and occasional resin in
clusions. This underclay is normally less 
than 0.5 meter thick. Many of the better 
developed coals have the same type of 
underclay. In many places coal beds are 
overlain by sandstone. The overlying 
sandstone may be lenticular and laterally 
discontinuous, or massive , relatively con
tinuous, and more sheetlike. Numerous 
carbonaceous shale units are so coaly that 
they could be labelled bone coal. They, 
too, are mostly found in gray shale
siltstone-sandstone sequences or under 
sandstone ledges, as are the coal beds of 
the area. 

In contrast, the upper part of the 
Blackhawk Formation typically has 
thicker, more laterally continuous mas
sive sandstone units , a higher proportion 
of shale in the inter-sandstone units, 
much less carbonaceous shale, and only 
minor coal beds which rarely exceed 0.3 
meter in thickness . The massive sand
stones appear to be composed of multiple 
lenticular sand bodies (unit 55 of mea
sured section 6). These are medium to 
thick bedded and the lenses appear 
almost to be interwoven. In a few places 
some of these sandstones are as thick as 
20 to 25 meters, as in Straight Canyon 
north and west of measured section 2. 
Some of the sandstones in the upper part 
of the formation have minor shale or silty 
interbeds that follow cross-bedding 
planes. The carbonaceous shale and coal 
beds in the upper part of the Blackhawk 
are more commonly found associated 
with sandstones rather than the inter
bedded sequences. Most are found just 
below a massive sandstone ledge. No 
ankerite or dolomite was found in two 
thin sections cut from samples collected 
in the upper part of the formation. 

By far the most common sedimen
tary structures in the Blackhawk For
mation sandstones are cross bedding and 
convolute bedding (figure 8 a & b). Fig
ure 8a, taken of a sandstone in the main 
gully of the wash in Rock Canyon in 
which section 6 was measured, shows 
unimodal crossbedding in one of the 
lower more continuous sandstones of the 
upper part of the formation. Many of the 
sets seen in the photograph are trough 
crossbeds, found throughout the for
mation and the most common. Bimodal 
crossbedding is less common in the upper 
formation. Convolute bedding (figure 8b) 

is common in many massive and thick
bedded sandstone units throughout the 
Blackhawk. 8b shows unit 75 of meas
ured section 7. This type of soft sediment 
deformation ranges from very slightly dis
turbed beds to beds even more highly 
contorted than those shown in figure 8b. 

Individual channels traced from 
ridge to ridge in Rock Canyon contain 
primary features which indicate the direc
tion of water movement (figure 7). 

Logs are imbedded in some of the 
sandstone units and can be seen at road 
level in Straight Canyon. Some of these 
logs are in growth position. Many are 
found in the upper part of the section 
and few in the lower part. 

Sedimentary structures in shales are 
less obvious because they are usually 
covered by a thick slope wash. Some of 
the gray shales in the upper part of the 
formation contain shredded bits of plant 
debris. This was also noted in the lower 
part of the formation but mainly near car
bonaceous shales or coals. Mottling or 
burrowing might be present in the shales, 
but no positive observation could be 
made. 

Castlegate Sandstone 

Originally considered a member of 
the Price River Formation by Spieker and 
Reeside (1925) and Clark (1928), the 
Castlegate Sandstone which overlies the 
Blackhawk Formation was designated a 
formation by Fisher, Erdman, and 
Reeside (1960). Van de Graaff (1972) 
summarizes previous work on the Castle
gate and the distribution of the facies of 
the formation. In the study area, rocks in 
the formation range from fine- to course
grained, and moderately to well-sorted 
sandstones. There are some quartzite and 
chert pebble conglomerates and siltstone 
and shale interbeds. These rocks are inter
preted to be a fluvial facies deposited by 
coalescing braided streams flowing pre
dominantly eastward. The Castlegate 
Sandstone in the study area is estimated 
to range from 60 to 90 meters in thick
ness. It is the top cliff-forming unit of the 
eastern edge of the Wasatch Plateau and 
can be a major obstacle to gaining access 
to the Blackhawk Formation from the 
top of the plateau. Its type locality is in 
Price River Canyon, just west of the Utah 
Power and Light Company's coal-washing 
and power-generating installations near 
the narrow, steep-walled section of the 
canyon known as the Castle Gate . 

Younger sedim en tary units pres en t 
on North Horn Mountain are the Creta
ceous Price River Formation , the Creta
ceous-Tertiary North Horn Formation 
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and the Tertiary F1agstafff Limestone. 
These formations are discussed in detail 
by Spieker (1931 and 1946). 

STRUCTURE 

The strata along the eastern edge of 
the Wasatch Plateau dip to the west, away 
from the San Rafael Swell, an early 

Tertiary northeasterly-trending upwarp, 
which lies to the east of Castle Valley. In 
general the dips are very gentle in the 
Wasatch Plateau, although Spieker (1931, 
p. 53) found that in a few places they 
attain inclinations of 19 to 20 degrees. 

Spieker (1931) constructed 
structural contours on top of the Spring 

Canyon sandstone member of the Star 
Point Formation . He mapped a broad , 
westward plunging syncline with an east
trending axis roughly paralleling Straight 
Canyon and a 490-meter structural relief 
from the northwest to the southeastern 
parts of North Horn Mountain. Dips 
rarely exceed 5 to 6 degrees, and are com
monly less. 

Spieker (1931, pl. 31 and 32) 
found no faults on North Horn Mountain 
with the exception of the north-trending 
J oes Valley fault on the western edge of 
the study area. Although no offset is vis
ible, the relatively straight alignment of 
Cottonwood Canyon between Trail 
Mountain and East Mountain (see the 
very northern part of figure 2) and the 
washes in which sections 3 and 6 were 
measured suggest control by a prominent 
fracture or joint (figure 3). Another pos
sible fault extends through the north
west-trending section of Straight Canyon 
and passes just to the west of UGMS drill 
hole 5 and measured section 1. These pos
sible faults are compatible with the orien
tation of the other mapped faults in the 
region and may have enough offset to 
cause problems in future mining. 

ENVIRONMENTS OF DEPOSITION 
OF THE BLACKHAWK FORMATION 

Spieker (1931) envisioned a broad, 
flat, low flood plain with streams 
meandering back and forth between low 
swampy areas as the environment in 
which the sediments of the Blackhawk 
Formation accumulated. He suggests that 
these streams may have emptied into 
lagoons of brackish water into which the 
marine water of the Mancos Sea occa
sionally transgresse d from the east (p. 
37). Young (1955, 1966), who worked 
mostly in the Book Cliffs, reevaluated 
this interpretation and proposed a model 
of barrier beaches with lagoonal and 
paludal deposits forming behind them. As 
these beaches prograded seaward, swamp 
and other sediments were deposited over 
them. Repeated intervals of subsidence 
caused repeated westward transgressions 
of the sea. 

At the very western end of the 
Book Cliffs , which is in about the same 
relative position to the Mancos Sea pa1eo
shoreline (McGookey and others, 1972, 
p. 218) as the study area , Young (1955, 
p. 283) indicated that both environments 
were present. Parker (1976) studied fossil 
plants of the Blackhawk Formation in 
Salina Canyon , near the southern end of 
the Wasatch Plateau, and in Straight Can
yon and concluded that the contained 
flora was indicative of flood plain, levee, 
and point-bar environments. 
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Figure 7. Oblique photograph showing traverse of stratigraphic section 6 in Rock Canyon. 
Arrows point to channel fillings (ch) 

The upper sandstone unit of the 
underlying Star Point Formation is a re
gressive littoral sandstone of the barrier 
beach and bar facies. The locally irregular 
contact at the base of the Blackhawk For
mation is due to runnels and surge chan
nels in the beach and bar sands of the 
underlying Spring Canyon Member of the 
Star Point. 

Above the Star Point sandstone lie 
either gray and black shales or the 
Hiawatha coal bed of the Blackhawk For
mation. The shales are of the lagoonal 
and interdistributary bay facies. In most 
places the shales are thin , and the swamps 
from which the overlying coal formed 
must have migrated seaward closely be
hind the bar and beach sands. Carbon
aceous, coaly shales are representative of 
swamp cO.lditions. The coals may be 
overlain by interdistributary facies or dis
tributary channels and levee and crevasse 
facies rocks. 

Sand bodies, which locally displace 
coal beds, have lens-shaped cross sections 
and are elongate distributary channels. 
Unit 30 of measured section 6 is a levee 

deposit as indicated by grain size and bed
ding features. It grades laterally from a 
massive distributary channel sandstone 
into the shale-dominated interdistributary 
sediments. Other examples of distributary 
channels are units 21, 26, and 36 of meas
ured section 6 (figure 6). 

The thin limestone units in the 
lower Blackhawk may be inter
distributary bay and lagoon deposits, or 
possibly lacustrine deposits. The detrital , 
rounded to subangular ankerite or dolo
mite contained in them indicates a nearby 
source. The carbonates are found in vary
ing amounts in distributo.ry channel, levee 
and crevasse, delta front, and inter
distributary bay and lagoon facies rocks 
in the lower part of the Blackhawk For
mation . A few of these may be marine , 
but no fossil evidence was found to sub
stantiate or negate this possibility. The 
highly calcareous gray shales and silty 
shales are interdistributary bay and la
goon deposits, upper deltaic plain de
posits, and possibly lacustrine deposits 
formed in levee flank depressions. The 
sediments show cyclical deposition in the 
lower part of the formation, beginning 
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with a sandstone and grading upward into 
a predominantly shale unit. 

Near the middle of the Blackhawk 
Formation there is a lithologic change 
which reflects a change in the dominant 
depositional environment. The lower half 
of the formation was deposited in a wave 
modified, shallow water delta in the Man
cos Sea, the upper part of the formation 
in a fluvial environment, with sedi
ment-laden streams meandering across a 
broad , low profile flood plain . 

In the upper part of the Blackhawk 
Formation is a series of massive , fine- to 
medium-grained, calcareous, cross-bedded 
sandstones with convolute bedding. A 
number of these sandstones are contin
uous laterally, although they thicken and 
thin and locally appear to be composed 
of multiple compound lenses, as in unit 
55 of measured section 6 (figure 6). 
These sand bodies are interpreted as being 
predominently coalescing river channel 
deposits . 

The interbedded shale units are 
flood plain deposits. Minor coal beds 
developed in low boggy swampy areas on 
the flood plain. Most coal beds in the 
upper Blackha wk lie above the shales and 
other fine sediments of the flood plain 
facies , and below the massive sandstones 
and thinner bedded and interbedded 
sandstones of the channel and levee 
facies. Fossil plants studied by Parker 
(1976) confirm a fluvial environment for 
these rocks. 

The high calcite content in some of 
these rocks may be due to diagenetic pro
cesses whereby calcite is deposited as 
matrix and cement. The corroded edges 
of quartz grains seen in thin section in
dicates replacement by calcite. 

The source for the sediments of the 
Blackhawk Formation as indicated by the 
geometries and distribution of lithologic 
types in the study area was to the west. 
Deposition of coarser sediments (the 
thick sandstone units) may have been the 
result of uplift of the source area. Shift
ing distributary patterns were important 
in creating the variety of facies present in 
the lower part of the Blackhawk Forma
tion , while the changes in the supply of 
sediment and base level were more im
portant in the upper part of the for
mation. 

COAL BEDS 

In the study area three potentially 
minable coal beds, the Hiawatha , Blind 
Canyon , and Bear Canyon (Spieker, 
1931) have been identified and are shown 
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Figure 8. Cross-bedding in upper Blackhawk Formation sandstones. 

a. Unimodal bedding 

b. Convolute bedding 

in figure 5. The thickness of these beds 
varies throughout the area; they are 
locally found to be greatly reduced in 
thickness or lacking completely. The 
Hiawatha and Blind Canyon coals have 
the best economic potential. The Bear 
Canyon bed is submarginal to marginal, 
although drilling may prove it to be thick 
enough in some areas to merit ex
ploitation. 

Two abandoned mines in Straight 
Canyon, west and north of measured sec
tion 2 (figure 3) are the Black Diamond , 
operated from 1898 until the 1950's, and 
the Oliphant operated from 1906 until 
the 1950 's. Both operated in the 
Hiawatha bed, which here is about 1.5 to 
1.7 meters thick. Two other abandoned 
mines in the wash directly west of Rock 
Canyon Wash in which measured section 
6 is found are the Axel Anderson mine, 
operated from 1906 to 1932 in the 
Hiawatha bed , which here is 4 meters 
thick, and the Killpack mine for which no 
records were found. The Hiawatha bed is 
2.5 meters thick near the Killpack mine. 

Some of the thicker coal beds are 
found in the southeastern part of the 
study area. The Blind Canyon bed was 
found to be 5.3 meters thick in section 5. 
The Hiawatha bed is consistantly greater 
than 2.5 meters thick between measured 
sections 5 and 7, where lenticular sand
stone bodies have created wants. In places 
the major coal beds are split. Near the 
head of the wash in section 8 the Blind 
Canyon bed is 3 to 4 meters thick with a 
0.6-meter split in the upper part of the 
bed. The geometry could not be ascer
tained, but the split appears to be a len
ticular, elongate sandy body . 
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Unit 

28 . 

27. 

26 . 

25 . 

24 . 

23. 

22. 

21. 

20. 

19 . 

18 . 

17. 

16. 

15. 

14. 

APPENDIX A 

Meters 

Measured section n o . 1: partial section of Bl ac k 
hawk Formation m easured from the top of 
UGMS Drill Hole 5 in Straight Canyon NW 1/4 
section 3, T. 18 S., R . 6 E. 

Castlegate Sandstone 

Blackhawk Formation 

Shale , medium gray, weathers light gray, highly 
calcareous, mostly covered slope ..... . 

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

Sandstone, light olive gray , weathers grayish 
orange, fine to medium-grained, calcareous, medi
um to thick-bedded, cross-bedded, convolute bed
ding, iron oxide flecks, interbedded with medium 
gray shale, calcareous, weathers light gray, ledge 
former and siltstonE' ... . 

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

Shale, very light gray to white for lower . 6 M medi
um gray for rest , weathers very pale orange with 
popcornlike surface, highly _caJcareous, slope for -
mer 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained , calcareous, cross
bedded, convolute bedding, massive, top .3 M 

8.7 

6.4 

2 .7 

3.7 

3.4 

bleached white in places. . . . . . . . . . . . . . 4 .1 

Shale, medium gray , weathers light gray; cal
careous, possibly some interbedded siltstone and 
carbonaceous shale; covered slope. . . . . . 8.5 

San dstone, light olive gray , weath ers grayish 
orange, fine t o medium-grained, calcareous, iron 
oxide flecks, cross-bedded, J..~ dge former. . . . . .. 1.2 

Shale , medium gray , weathers light gray , highly 
calcareous, interbedded with siltstone and sand
stone , weathers grayish orange, fine-grained , cal
careous, and some shale, dark gray to black, 
coal y fragments, vitrain bands, shales weathered 
with popcornlike surface in places, slope former . . 14.6 

Shale, dusky yellowish brown , silty, carbonaceo\ls, 
fissile , slope form er. . . . . . . . . . . . .3 

San dstone, light olive gray; weathers graYish 
orange, fine t o medium-grained, calcareous , iron 
oxide flecks, cross-bedded, thick-bedd ed to mas-
sive, lenticular, ledge former . . . . . . . . . . . . . .. 1.8 

Shale , m edium gray , weathers light gra y, calcare-
ous, very poo rly exposed, slope former . . . 7.6 

Sand st o n e , light olive gray , weathers grayish 
o ran ge, fin e to m edium-grain ed , calcareous, highly 
cross-bedded, convolute bedding , shale interbeds 
be tween some of th e cross beds , ledge former 2.7 

Shale , medium gray, weathers light gray, cal
careous, interbedded with siltstone and sandstone, 
light o live gray? , weathers grayish orange, fine 
grained , calcareous, thin- to medium-bedded, slope 
former. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30.3 

Sand st o ne , light olive gray, weathers grayish 
orange, fine to medium-grain ed , calcareous, iron 

Unit 

13. 

12. 

11. 

10 . 

9. 

8. 

7. 

6 . 

5. 

4. 

3. 

2. 

1. 

53. 

52. 

51. 

Meters 

oxide flecks , cross-bedded, friable, mass ive , top . 1 
t o .3 M bleached white, ledge former . ... . ... 8.5 

Shale, medium gray, weathers light gray, cal-
careous, slope former. 3.8 

Sa n dstone, light olive gray, weathers grayish 
orange, fine t o medium-grained, calcareous, iron 
oxide flecks , cross-bedded, massive , ledge form er .. 1.8 

Sandstone , light olive gray, weathers grayish 
orange, fine-grained , calcareous, thick tt, medium
bedded with thin shale, black , carbonaceous 
interbeds , interbedded with shale, medium gray, 
weathers light gray , calcareous , slope former . . . . 23 .5 

Sandstone , light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 
numerous iron oxide specks, highly cross-bedded , 
massive , lenticular bodies within unit , ledge form er 3.'7 

Shale, medium gray, weathers light gray, cal
careous, interbedded with siltstone and sandstone , 
light olive gray, weathers grayish orange, very 
fine- to fine ·&rained, calcareous, thin-bedded , thin 
beds of shale, black, carbonaceous were noted; 
poorly exposed , slope former. . . . . . . . . . . . .. 4.6 

San dstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous . abundant iron 
oxide, cross-bedded , ledge former . ......... . 

Covered slope ....... . ... . . 

Sandstone, white, weathers white to grayish 
orange, fine-grained, subrounded to well-rounded, 

.7 

1.2 

calcareous .. .7 

Covered slope 1.5 

Sandstone, light olive gray, weathers dark yellow
ish orange, very fine-grained , calcareous, irregular 
slope former. . . . . . . ............... . 1.5 

Shale, medium dark gray, weathers medium gray, 
calcareous , very thin bands of carbonaceous shale, 
coaly fragments, slope former . . .... . ... .... 4.8 

Sandstone, medium to light gray, weathered or 
bleached light gray to white, slope former .2 

Sa n dstone, light olive gray, weathers grayish 
orange, highly calcareous, cross-bedded, medium-
to thick-bedded, lenticular bodies within unit, 
interbedded with shale, medium gray, weathers 
light gray, calcareous, carbonaceous streaks, ledge 
former 3.7 

Total 147.8 

Measured sectio n No.2: Section of Blackhawk 
Formation measured in the SW 1/4 section 12 , T. 
18 S. , R. 6 E 

Castle gate Sandst o n e 

Blackhawk Fo rmation 

Covered slope . .. 

S a n dstone, light olive gray, weathers grayish 
orange, fin e t o medium-grained , calcareous, 
m assive, cross-bedded, convolute bedding, ledge 

13 .8 

former . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.4 

Covered slope . . . . . . . . . . . . . . . . . . . . . . . . . 7 .8 
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Unit 

50. 

49. 

48. 

47. 

46. 

45. 

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

Covered slope ... 

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

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. ...... . 

Sa n d stone, light olive gray, weathers grayish 
orange, fine-. to medium-grained, calcareous, 
massive, cross-bedded, convolute bedding, ledge 
former ............................. . 

Shale, medium gray, weathers light gray, calcare
ous, with some interbeds of siltstone and sand
stone, light olive gray, weathers grayish orange, 
fi ne-grained, calcareous, thin- to thick-bedded, 
slope former. . . . . ..... . 

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

43. 

42. 

41. 

40. 

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 ............................ . 

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

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

39. 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. . . . ..... . 

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

37. 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 

Meters 

7.6 

22.1 

2.1 

4.5 

6.7 

13.8 

12.2 

7.3 

3.6 

3.1 

6.4 

3.0 

7.6 

slope former. . . . . . . . . . . 19.9 

36. San dstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, thin to medium
bedded, cross-bedded, wavy bedding, intermittant 
ledge former. . . . . . . . . . . . . . . . . . . . . . . . .. 1.5 

Unit 

35. 

34. 

33. 

32. 

31. 

30. 

29. 

28. 

27. 

26. 

25. 

24. 

23. 

22. 

21. 
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Shale, medium gray, weathers light gray, cal
careous, interbedded with siltstone and sandstone, 

Meters 

light olive gray, weathers grayish orange, fine
grained, calcareous, thin to medium-bedded, 
cross-bedded, wavy bedding, irregular slope former 14.9 

Sa n dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, thin
to medium-bedded, cross-bedded, wavy bedding, 
irregular slope former. . . . . . . . . 7.0 

San dstone, 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. . . . . . . . . . . 8.2 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 
massive, cross-bedded, convolute bedding, ledge 
former ............................ " 4.6 

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 ......... 34.7 

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

Shale, medium gray, weathers light gray, cal-

1.2 

careous, slope former . . . . . . . .. 5.4 

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

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

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

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

1 
slope former 

Coal, durain with vi train bands and vitrain 

6.4 

1.1 

0.7 

0.1 

11.8 

resin, cleated (?) . 0.5 

Shale, dark gray, carbonaceous, slope former. . .. 0.1 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, mas-
sive, cross-bedded, convolute bedding, ledge former 4.7 

20 Shale, medium gray, carbonaceous; coaly frag-

19. 

18. 

17. 

ments; carbonized plant fossils; fissile 0.1 

Shale, light olive gray, weathers grayish orange, 
slightly silty, calcareous, thin-bedded, wavy 
bedding, carbonized plant imprints. . . . 0.6 

Shale, black, highly carbonaceous, fissile 0.6 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, thin to medium
bedded, cross-bedded, wavy bedding, interbedded 
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Unit Meters 

with siltstone, and shale, medium gray, weathers 
light gray, calcareous, irregular slope former ... " . 6.7 

16. Sa n dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, iron 
oxide flecks, massive, cross-bedded, convolute 
bedding, ledge former ................... 6.7 

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

14. Shale, medium gray, weathers light gray, cal
careous, with interbedded siltstone and sandstone, 

1.2 

light olive gray, weathers grayish orange, fine
grained, calcareous, thin to thick-bedded, cross
bedded, wavy bedding, irregular slope former. . .. 1504 

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

12. 

11. 

10. 

9. 

8. 

7. 

6. 

5. 

4. 

3. 

2. 

Shale, black, carbonaceous, coaly fragments, fissile 

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

Sa n dstone, 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 ....... . 

San dstone, 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 . 

Sa n dstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, thin 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. . . . . . . . . ...... . 

1. Star Point Sandstone Not Measured 

Total ... 

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

Castle gate Sandstone 

Blackhawk Formation 

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

22. Shale. medium gray, weathers light gray, cal
careous, with interbeds of sandstone, light olive 
gray, weathers grayish orange, calcareous, slope 
10rmer ....................... . 

21. Sa n dstone, light olive gray, weathers grayish 
orange, fine. to medium-grained, calcareous, cross
bedded, convolute bedding, massive, ledge former 

1.5 

0.6 

2.8 

3.8 

0.4 

O.L 

0.2 

0.9 

1.3 

0.2 

0.3 

0.9 

289.3 

2.1 

7.6 

9.8 

Unit Meters 

20. 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 

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

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

17. 

16. 

15. 

14. 

13. 

12. 

11. 

10. 

9. 

8. 

7. 

6. 

former' ... 

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 ............. ·············· ........ . 

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 . . . . . . . . . ...... . 

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, 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 

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 ..... 

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

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

Shale, medium gray, weathers light gray, cal
careous, interbedded with siltstone and sandstone, 

10.3 

21.3 

16.6 

4.6 

21.2 

7.6 

2.6 

0.3 

light olive gray, weathers grayish orange, fine
grained, calcareous, thin to medium-bedded, wavy 
bedding, cross-bedded, irregular slope former .... 19.8 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareuus, cross
bed ded, thin to thick-bedded, lenticular, with 
interbeds of siltstone and shale, medium gray, cal-
careous, irregular slope former . . . . . . . . 4.3 

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

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

Sa n dstone, 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 

5. 

4. 

3. 

2. 

1. 

29. 

28. 

27. 

26. 

25. 

24. 

23. 

22. 

21 

Partially covered slope; shale, medium gray, 
weathers light gray, calcareous, interbedded with 
siltstone and sandstone, light olive gray, weathers 
grayish orange, fine-grained, cross-bedded, thin to 
thick-bedded, .9 M sandstone .9 M above base of 
unit, .6 M sandstone 4 M above base, :9 M sand
stone 8.8 M above base, 1.2 M sandstone 19.8 M 
above base, irregular slope former ....... . 

Coal, vitrain weathered dull, resin, cleated. slope 

former. 

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

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

Star Point Sandstone, 2 or 3 minor discontinuous 
coal beds were noted across the wash near the 
top of the Star Point. Not Measured 

Meters 

26.0 

1.0 

0.3 

1.8 

Total ..... . . 231.3 

Measured section No.4: Section of the Black
hawk Formation measured in the SW 1/4 section 
21, T. 18 S., R. 7 E. 

Castle gate Sandstone 

Blackhawk Formation 

Shale, medium gray, weathers light gray, cal-
careous, slope former . 11.0 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, iron 
oxide flecks, cross-bedded, convolute bedding, 
massive, lenticular, intermittent ledge fermer. . .. 3.1 

Shale, medium gray, weathers light gray, cal-
careous, slope former . . . . . . . . . . . . 9.1 

Sandstone light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, cross
bedded, convolute bedding, thir ·to thick-bedded, 
ledge former. . . . . . . . . . . 9.8 

San dstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, cross-bedded, 
wavy bedding, thin to thick-bedded; interbedded 
with siltstone, and shale, medium gray, weathers 
light gray, calcareous, irregular slope former . . .. 11.4 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, iron oxide flecks, 
cross-bedded, convolute bedding, massive to 
medium-bedded, minor shale interbeds, becomes 
finer grained and thinner bedded and contains 
more shale toward top of unit, ledge former . . .. 6.7 

Shale, medium gray, weathers light gr1!Y, cal-
careous, slope former ... . . . . . . . . . 16.2 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, iron 
oxide flecks, cross-bedded, convolute beddin <, 
massive, ledge former . . . . . . . . . . . . . . . "' 14.7 

Mostly covered slope; shale, medium gray, 
weathers light gray calcareous, with interbeds of 
siltstone and sandstone, light olive gray, weathers 
gr a y ish orange, fine-grained, calcareous, wavy 
bedding, cross-bedded, thin-to thick-bedded, 2.4 
M sandstone, thin-bedded, highly convolute 12.2 
M above base of unit, slope former . . . . . . . . .. 21.1 

Unit 

20. 

19. 

18. 

17. 

16. 

15. 

14. 

13 

12. 

11. 

10. 

9. 

8. 

7. 

Utah Geology, Vol. 5, No. 1, Spring, 1978 

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

Meters 

massive, ledge former . . . . . . . . . . . . . . .. 7.6 

Shale, medium gray, weathers light gray, cal
careous; interbedded with siltstone and sandstone, 
light olive gray, weathers grayish orange, cal
c are 0 us, wavy bedding, cross-bedded, thin-to 
thick-bedded, slope former, 1. 5 M sandstone, 
weathers dark moderate red, fine-to medium-
grained 6.5 M above base of unit . . . . . . 22.8 

Sandstone, light olive gray, weathers grayish 
orange, fine-to medium-grained, calcareous, highly 
cross-bedded, thick-bedded to massive, appears 
lenticular, ledge former . . . . . . . . . . . . . . . 5.5 

Sa n dstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, cross-bedded, 
thin to thick-bedded; interbedded with siltstone, 
and shale, medium gray, weathers light gray, cal-
careous, irregular slope former ............. 11.3 

San dstone, light olive gray, weathers grayish 
or an ge, fine-grained, calcareous, cross-bedded, 
highly convolute bedding, thin to thick-bedded, 
ledge former ....... . . . . . . . . . . . 3.5 

Shale, medium gray, weathers light gray, cal
careous; interbedded with siltstone, and sand
stone, light olive gray, weathers grayish orange, 
calcareous, cross-bedded, wavy bedding, thin to 
thick-bedded, slope former. . . . . . . . . . . . . . .. 9.1 

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

Shale, medium gray,. weathers light gray, cal
careous, interbedded with siltstone and sandstone, 
light olive gray, weathers moderate reddish 
brown, fine- grained, calcareous, cross-bedded, 
convolute bedding, thin to thick-bedded, irregular 
slope former, .3 M sandstone 7.3 M above base of 
unit, .6 M sandstone 10.5 M above base, .9 M 
sandstone 15.9 M above base, .5 M sandstone 
19.5 M above base, .6 M sandstone 21.2 M above 
base ............ . 

Sandstone, light olive gray, weathers moderate 
reddish brown to grayish orange, fine-grained, cal
careous, cross-bedded, highly convolute bedding, 
thin to thick-bedded, lenticular, minor shale inter-
beds, ledge former ......... . 

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

Sandstone, light olive gray, weathers grayish orange 
to moderate reddish brown, fine- to medium
grained, calcareous, laminated, cross-bedded, con
volute bedding, medium-bedded to massive; minor 
shale interbeds. base covered and irregular, ledge 
former ............................ . 

Shale, medium gray, 
careous, slope former. 

weathers light gray. cal-

Sandstone, light olive gray, weathers moderate 
red d ish brown, fine-grained, calcareous, wavy 
bedding, cross-bedded, thin to medium-bedded, 
with interbeds of shale, medium gray, weathers 
light gray, calcareous, ledge former .......... . 

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

1.6 

25.1 

2.3 

2.3 

5.5 

3.3 

1.5 
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Unit 

6. 

5. 

4. 

3. 

2. 

1. 

36. 

35. 

34. 

33. 

32. 

31. 

30. 

29. 

28. 

27. 

26. 

25. 

24. 

Meters 

thin to medium-bedded; and minor shale, black, 
carbonaceous, fissile, slope former. . . . . . . . . . .. 22.0 

Coal, vitrain and durain, weathered dull, minor 
resin, cleated? . . . . . . . . . . . . . . . . . . . . . . . .. 0.3 

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. . . . . . . .. 3.5 

Shale, medium gray, weathers light gray, cal-
careous, slope former . . . . . . . . . . . . . . .. 0.2 

Shale, black, carbonaceous, vitrain bands, coaly 
fragments, wood fragments, crumbly, slope former 0.3 

Shale, dark to medium gray, weathers light gray, 
calcareous, slightly carbonaceous, slope former 1.5 

Star Point Sandstone. Not Measured 

Total ... 

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 ...... . 

San dstone, 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 ... 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, convolute bedding, easily 
eroded, irregular slope former ............. . 

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

Covered slope ... 

Sandstone, light olive 6ray, 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 .......................... . 

232.3 

3.7 

1.8 

4.9 

4.9 

2.4 

4.6 

11.6 

1.5 

4.9 

10.7 

6.0 

8.6 

S.1 

Unit 

23. 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 .... 

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

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

20. Sandstone, light olive gray, weathers grayish 
ora n g e, fine-grained, calcareous, cross-bedded, 
convolute bedding, ledge former ....... . 

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

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

17. Sandstone, light olive gray, weathers grayish 
ora n ge, fine-grained, calcareous, cross-bedded, 
medium-bedded; in terbedded with siltstone, and 
shale, medium gray, weathers light gray, cal-

Meters 

8.6 

4.5 

4.3 

0.7 

0.1 

20.2 

careous, forms stair-step slope ...... 11.3 

16. 

15. 

14. 

13. 

12. 

11. 

10. 

9. 

8. 

7. 

6. 

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 .... 

Sa n dstone, 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 un it 

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

Covered slope ... 

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 

Covered slope ... 

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 ... 

8.2 

2.8 

18.9 

4.9 

9.1 

4.3 

8.7 

4.3 

9.1 

5.3 

7.6 

5. San dstone, light olive gray, weathers grayish 
orange, fine-gramed, calcareous, small scale cross
bedding, massive- to medium-bedded, ledge former 4.1 

7J 
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Unit 

4 

3. 

2. 

1. 

62. 

61. 

60. 

59. 

58. 

57. 

56. 

55. 

54. 

53. 

52. 

51. 

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.: 

Star Point Sandstone, Not Measured 

Total ..................... . 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 
former. . . . ..... . 

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 ................... . 

Covered slope ... 

Sandstone, light olive gray, weathers grayish 
orange, medium-grained, calcareous, salt and 
pepper grains, iron oxide flecks, bimodal cross-
bedding, continuous laterally, ledge 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 ............................. . 

Shale, medium gray, weathers light gray, calcar
eous; with interbeds of shale, black carbonaceous, 
slope former. . . . . ..... . 

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. . ..... . 

San dstone, 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 ....... . 

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

Covered slope ... 

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

Covered slope 

7.6 

8.0 

6.4 

2.0 

.3 

8.3 

9.1 

.5.2 

2.3 

1.5 

4.0 

4.8 

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 

Sa n d stone, 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 thick-
bedded, cross-bedded, ledge former .......... . 

Covered slope ... 

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 .. 

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, thin to 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 ........................... . 

Covered slope 

San dstone, 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 .......................... . 

Shale, black, 
pockets .... 

carbonaceous, coaly fragments in 

San dstone, 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-

8.3 

5.0 

2.4 

14.1 

1.0 

3.4 

6.1 

.1 

.3 

7.2 

.8 

5.7 

4.6 

1.2 

.5 

14.8 

ous, slope former ................... . . ' 1.3 

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 .... . 1. 3 

Covered slope ......................... 1.9 
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Unit 

30. 

29. 

28. 

27. 

26. 

25. 

24. 

23. 

22. 

21. 

20. 

19. 

18. 

17. 

16. 

15. 

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 
jnclusions, 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 ........................... 6 

Shale, medium gray, weathers light gray. calcar-
eous, slope former ........ .3 

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 . . . . . . . . 1.7 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, thin to thick
bedded, lenses up to .5 M thick at center within 
thinner bedded strata, all are cross-bedded and 
have convolute bedding, ripples and rippie drift 
noted ............................... 1.3 

Shale, light to medium gray, weathers grayish 
orange, calcareous, fissile, with thin interbeds of 
sandstone, slope former .................. 1.2 

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

San d stone, ligh t 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 ... 9 

Sandstone, very pale orange, weathers grayish 
orange, becomes weathered dark reddish brown 
upwards, very fine to 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 3.3 

Covered slope 1.9 

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

Covered slope .......................... 10.7 

Unit 

12. 

11. 

10. 

9. 

8. 

7. 

6. 

5. 

4. 

3. 

2. 

1. 

93. 

92. 

91. 

90. 

89. 

88. 

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

Meters 

slope former. . . . . . . . . . . . . . . . . . . . . . . . 3.7 

Shale, medium gray, weathers light gray, calcar-
eous; slope former. . . . . . . . . . . . . . . . .. 1.8 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, thin to medium-
bedded, cross-bedded, convolute bedding; minor 
shale interbeds; ledge former . . . . . . . . . . 2.2 

Shale, medium gray, weathers light gray, calcar-
eous; slope former. . . . . . . . . . . . . 2.2 

Shale, dusky yellowish brown to black, carbon-
aceous, fissile, coaly fragments, slope former ........ 1 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, thick-
bedded; minor shale interbeds; ledge former ...... 1.6 

Shale, medium gray, weathers light gray, calcar-
eous, minor sandstone interbeds; slope former ... " 3.1 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous, thin-bedded, 
small scale cross beds, wavy bedding; ledge former . . 2.5 

Sa n dstone, 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. . . . .. 1.8 

Coal, mostly vitrain, wea~hers dull, resin, minor 
durain increasing in top .2 M, cleated? .' ......... 2.6 

Shale, dusky yellowish brown, carbonaceous, 
woody fragments . . . . . . ... 1 

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

Total ... 

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 

Covered slope ..... . 

Sandstone, weathers grayish orange to dark 
yellowish orange to dusky red, fine-grained, cal-

239.4 

. . 4.4 

careous; erodes to platy chips. . . . . . . . . . . . . . . 3.1 

Shale, medium gray, weathers light gray, calcareous 3.6 

Sandstone, weathers grayish orange to dark 
yellowish orange to light brown to dusky red, 
fine-grained, calcareous, erodes to platy chips, 
laminated .............................. 1.6 

Shale, medium gray, weathers light gray, calcareous .. 1. 5 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 
massive, cross-bedded, convolute bedding, iron 
oxide flecks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.0 

73 



74 

Unit 

87 

86. 

85. 

Meters 

Shale, medium to light gray, weathers light gray, 
calcareous ...................... -....... 1.2 

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

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

7.1 

0.6 

84. 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 2,4 

83. 

82. 

81. 

80. 

79. 

78. 

77. 

76. 

75. 

74. 

Covered slope ....................... . 

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

bedded ............................. . 

Covered slope ... 

Sandstone, light 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 staining or burn ....... . 

3.1 

0.6 

1.2 

0.9 

Shale, medium gray, weathers light gray, calcareous 3.3 

San dstone, 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 . . 6.7 

Sandstone, light olive gray, weathers to grayish 
orange, fine to medium-grained, calcareous. 
massive, cross-bedded, convolute bedding ......... 8.7 

Shale, dusky yellowish blOwn, carbonaceous, 
vitrain bands . . ...... . . 0.2 

Shale, light to medium gray, weathers light gray, 
slightly silty, calcareous, fossil plant imprints. . . . .. 1.2 

73. Sandstone, light olive gray, weathers (7r""ich 

orange, fine-grained, calcareous. 1.2 

72. Shale, medium gray, weathers light gray, calcareous. 2.5 

71. San dstone, light olive gray, weathers grayisn 
orange, fine-grained, calcareous, thin-bedded, 
erodes into thin platy chips. . .......... . 2.4 

70. Shale, medium gray, weathers light gray, calcareous 2.7 

69. Sa n d stone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 

68. 

67. 

66. 

massive, cross-bedded, convolute bedding. . . 7.1 

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 ...... . 

2.7 

1.5 

.. 3.8 

Unit 

65. 

64. 

63. 

62. 

61. 

60. 

59. 

58. 

57. 

56. 

55. 

54. 

53. 

52. 

51. 

50. 

49. 

48. 

47. 

46. 

45. 

44. 
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Meters 

Shale, black, silty, carbonaceous, coaly fragments, 
vitrain bands ........................ . 1.2 

Sandstone, weathers grayish orange, fine-grained, 
calcareous, thin-bedded, laminated. . . . 0.5 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, cross
bedded, convolute bedding, massive, mostly quartz 
grains, ledge former. . . . .. . . . . . . . . . . . . 2.9 

Sandstone, light olive gray, weathers grayish 
orange, calcareous, thin-bedded, very fine-grained, 
breaks into thin platy fragments; with shale, 
medium gray, calcareous. . . . . . . . . . . . . . . . . . . . 3.2 

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 ........ . 2.1 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous 
massive, cross-bedded ...................... 4.6 

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 

San dstone, light olive gray, weathers grayish 
orange, fine· to medium-grained, calcareous, cross-
bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4 

Covered slope .. 

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

medium-

Siltstone, medium to light gray, weathers pale 

3.3 

. 1.6 

yellowish orange, calcareous ................. 0.3 

Sandstone, light olive gray, weathers grayish 
orange, medium-grained, calcareous . . . . .. 1.2 

Sandstone, light olive gray, weathers grayish 
orange, fine-grained, calcareous; interbedded with 
siltstone and shale, medium gray, calcareous ...... 4.6 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 
massive, cross-bedded, convolute bedding .. 11. 5 

Sa n dstone, 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. . . . . . . 2.5 

Shale, black, carbonaceous, vitrain bands, coaly 
fragment .............................. 0.9 

Covered slope - . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.9 

Sa n dstone, light olive gray, weathers grayish 
orange, fine·to medium-grained, calcareous, cross-
bedded ............................... 1.5 

Covered slope - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1. 9 

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

Shale, dark gray to black, carbonaceous. . . . . . .. 1.2 

Sandstone, light olive gray, weathers grayish 
orange, medium-grained, calcareous. . . . . . . . . . .. 1.5 
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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 

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

San dstone, 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? 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, cross
bedded; interbeds of shale, medium gray, 

1.0 

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-

aceous ..................... _ 

Coal, durain and c1arain, resin, cleated? 

1.6 

{)A 

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 '" ...... . 

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

Shale, dusky yellowish 
fissile, vitrain band!> 

brown, carbonaceous, 

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

3.7 

2.6 

0.1 

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, carbo'1aceous ... 0.4 

Sandstone, light olive gray, weathers grayish 
orange, fine· to medium-grained, calcareous, cross
bedded, thin to medium beds ...........•... 4.1 

Unit 

20. 

19. 

18. 

17. 

16. 

15. 

14. 

13. 

12. 

11. 

10. 

9. 

8. 

7. 

6. 

5. 

4. 

3. 

2. 

1. 

37. 

36. 

Meters 

Shale, medi um 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 .....................•....•..... 6.4 

Shale, black, carbonaceous .....•.••.••••. " 0.3 

Covered slope - 1.9 

Sandstone, weathers yellowish brown, fine-
grained, calcareous ............. - •..•. __ .. 0.6 

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· 

Covered slope ....................... . 

0.5 

4.1 

Shale, black, carbonaceous, fissile, coaly fragments 0.3 

Covered slope ..... . 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 

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

bedded' .. 

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

0.3 

. 0.9 

gray, calcareous, fissile . . . . . . . . . . . . . . . . 6.4 

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

Sa n dstone, 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 . 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 

Covered slope 

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

. 3.8 

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

75 



76 

Unit 

35. 

34. 

33. 

32. 

31. 

30. 

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 ... 

Sa n dstone, 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 ... 

Sa n dstone, 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 .... 

3.1 

7.9 

4.5 

4.3 

8.0 

6.8 

29. Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, lentic
ular, cross-bedded, convolute bedding; ledge former 2.1 

28. Shale, medium gray, weathers light gray, calcar-
eous; slope former - . . . . . . . 3.4 

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

26. 

25. 

24. 

23. 

22. 

2l. 

20. 

former. . . . . ............ 6.4 

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. . . . . . . . . . . . . . 8.2 

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· ........ 8.0 

Shale, dark gray, weathers medium gray, carbona
ceous, calcareous, carbonized plant fragments and 
fossils, woody fragments, fissile. . . . 0.9 

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-
ding; slope former· .................... \2.2 

Sandstone, light olive gray, weathers grayish 
orange, fine·to medium-grained, calcareous, cross-
bedded, convolute bedding; ledge former 2. J 

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 . . . . . . . .. 1.6 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, cross--
bedded, convolute bedding; ledge former ....... 1.4 

Unit 

19. 

18. 

17. 

16. 

15. 

14. 

13. 

12. 

11. 

10. 

9. 

8. 

7. 

6. 

5. 
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Met~rs 

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

Sandstone, light 
orange, fine to 
massive, bimodal 
ding; ledge former 

olive gray, weathers grayish 
medi um-grained, calcareous, 

cross-bedding, convolute bed-

Shale, medium gray, weathers light gray, calcar
eous; with interbedded sandstone, light olive gray, 
weathers grayish orange, fine to medium-grained, 
calcareous, thin to thick-bedded, cross-bedded, 
wavy bedding; about 50 percent of each lith010-

.13.2 

. 5.4 

gy; irregular slope former ................. . . 9.8 

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

Covered slope 

Sa n d stone, 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 
former' ............................ . 

Covered slope' .. 

Sa n dstone, 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-

5.5 

3.0 

.. 6.1 

. .13.1 

bedded, convolute bedding; ledge former ......... 10.4 

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 ...... 16.5 

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. . . . . . . . . . . . . . . . . . . .21.3 

Shale, black, carbonaceous, vitrain bands, resin 
inclusions, fissile. . . . . . . . . . . . . . . . . . . 0.3 

Sa n d stone, light olive gray, weathers grayish 
orange, very fine-grained, calcareous, thin-to 
medium-bedded, carbonized plant fossils; ledge 
former ........................ . . 0.9 

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 .... 14.9 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 
massive, cross-bedded, convolute bedding; minor 
shale interbeds; ledge former ................. 6.4 

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 ................................. 14.4 
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Unit 

4. 

3. 

San dstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, minor 
iron. oxide, thin to thick-bedded, thin shale inter
beds, cross-bedded, wavy bedding, convolute bed-

Meters 

ding; intermittant ledge former . . . . . . . 4.5 

Sandstone, light olive gray, weathers grayish 
orange, fine to medium-grained, calcareous, 
massive, cross-bedded, convolute bedding; some 
shale interbeds; ledge former ................ 15.3 

Unit 

2. 

1. 

Meters 

Covered; at least 1.5 M coal, vitrain, weathers 
dull, resin, cleated?; with too much rubble to 
determine how much more there is: the rest is 
probably shale, medium gray, weathers light gray, 
calcareous; slope former .................... 7.6 

Star Point Sandstone - Not Measured 

Total 257.9 

77 



78 

The largest block of coal ever mined in 
Utah, from the Hiawatha Mine near 
Price, Carbon County, Utah. It was 
brought to the State Capitol Building 
about 1920, where for about 40 years it 
was on display in the basement (insert 
photo). At present it is stashed in a 
parking lot, protected by a tarpaulin. 
United States Fuel Company photos. 
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EARTHQUAKE EPICENTERS IN UT All 
JANUARY - JUNE 1977 

EARTHQUAKES 

Earthquake epicenters in and ncar 
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 fad 
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 
chiefly 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 Decem ber 1976, respectively. 

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

I \'rokssor of Geuphysics. Ikpartlllcnt 'Jf 
Ge()lo~y and Geophysics. University of Utah. 
and hmner Director, University of Utah 
SeisJl1o!!raph Stalinn-;. Salt Lah City. Utah 
84112. 

by Kennel II L. Cook 1 

(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; a!1d 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 (Idaho
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 Ma~nitude 

1. North end of Hlue Sprin!!s 
Hills (about 10 kIll northeast 
of Blue Creek and 13 kill west
soutlnvest of Washakie and 5 kill 
Ihlrth of east-west road) ........... < 1.0 

3. Bear Rivt'r Range (4 km south 
of Blacksmith Fork and 12 kill 
east-northeast of Paradise) .......... 1.4 

4. Bear River Range (5 kill cast-
southeast of Logan) .............. < 1.0 

4. 4 km south of Porterville ........... 1.3 
7. Great Salt Lake 00 kill 

east-southeast or Lakeside 
and 2 km south of Southern 
Pacific Railroad causeway) ......... 1.1 

8. San Rafael Swell (31 kill 
east-southeast of Emery and 3 km 
north of Interstate hig]l\vay 70 
and 8 kill north-northwest of 
The San Rafael Knob) ............. 1.5 

9. West mar~in of Hansel Valley 
(18 km south of Snowville) ........ < 1.0 

9. North end of Hlue Springs 
Hills (same location as event 
on January I) ................... 1.8 

9. Ditto--a second event .............. 1.1 
10. Ditto ......................... <1.0 
10. Blue Springs Hills (on 

Cast-west road. 6 km cast 
of Blue Creek) .................. < 1.0 

10. Great Salt Lake (18 km 
southwest of Cedar Springs 
and 15 km northwest of the 
south end of the road at 
Rozel Point) .................... < 1.0 

10. 9 km south of Nephi .............. 1.2 
10. 4 kIll southeast of Flux 2 3 .••••••• < \.0 
11. 8 kill south of Nephi .............. 1.4 
1 1. 14 km north-northeast of Bu rrville 

and 9 km north of the north end 
of Koosharem Reservoir and 
3 kill northeast of Utah 
highway 24 ..................... 1.7 

11. 11 km west-northwest of 
iluntington" ..................... 1.5 

12. 3 km northwest of Trenton ........ < 1.0 
12. North end of Blue Springs 

Hills (same location as event 
on January 1) .................. < 1.0 

14. West margin of Hansel 
~ountains (11 km northeast of 
Locomotive Springs and 22 
kill south-southwest of Snowville 
and 2 km east of Locomotive 
Sprin!!s-Snowville road) ........... < 1.0 

IJossible mine or quarry blast. 
3 Flux is 12 km southeast of Timpie and II 

kill northwest of Grantsville. Timpie is also 
designated Rowley Junction on some maps of 
Utah 
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14. North end of Blue Springs Hills 
(same location as event on 

Magnitude 

January 1) ..................... < 1.0 
15. Lakeside Mountains 2 (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 2 
•••••••••• 1.3 

19. 2 km northwest of Orangeville 2 
•••••• 1.2 

19. 12 km west of Huntington 2 
••••••••• 1.3 

20. 13 km west-northwest of Huntington 2 2.2 
21. North end of Blue Springs Hills 

(same location as event on 
January 1) ..................... <1.0 

21. Ditto--a second event ............. <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 

••••••••••••••••••••• 2.1 
23. Bear River Range (12 km 

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

Hills (same location as event 
on January 1) .................. < 1.0 

23. Ditto--a second event ............. < 1.0 
24. 5 km west of Fayette .............. 1.3 
24. 8 km south-southwest of Levan 

and 11 km east of 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 km east of 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. 9 km southwest of Levan ........... 1.3 
25. 8 km southwest of Levan and 9 

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

and 4 km east-southeast of 
Manderfield .................... < 1.0 

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

Lakeside 2 ••••••••••••••••••••• < 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 ..................... 1.4 
25. 5 km north of Orangeville 2 

••••••••• 1.4 
26. North Promontory Mountains 

(15 km east of Snowville) ......... < 1.0 
26. 3 km southwest of Flux2 

••••••••••• 1.1 
26. North Promontory Mountains 

(13 km east of Snowville and 
4-5 km south of Utah-Idaho 
border) ....................... <1.0 

Magnitude 

26. Ditto-- a second event ............ <1.0 
26. Ditto--a third event .............. < 1.0 
26. Ditto--a fourth event ............. <1.0 
26. Ditto--a fifth event ............... <1.0 
27. 5 km north-northeast of Man ti ...... 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 30S, 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-a second event .............. 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) ....................... <1.0 

27. Ditto--a second event ............. <1.0 
27. Ditto-a third event ............... <1.0 
27. Ditto-a fourth event .............. <1.0 
27. 2 km west of Lakeside 2 ••••••••••• < 1.0 
27. North Promontory Mountains 

(13 km east of Snowville and 4-5 
km south of Utah-Idaho border) ..... 1.2 

27. Ditto--a second event .............. 1.1 
27. Ditto--a third event ............... 1.1 
27. Ditto--a fourth even t .............. 1.0 
27. Ditto--a fifth event ............... < 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--a second event ............. <1.0 
28. 9 km west of Snowville 

and 2 km south of Utah-Idaho 
border ........................ <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 
••••••••• 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) ..................... <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 
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Magnitude 

31. Bear River Range (2 km south 
of Blacksmith Fork and 12 km 
east-northeast of Paradise) ......... < 1.0 

31. 8 km west-northwest of 
Huntington 2 

•••••••••••••••••••• 1.6 

February 

1. Blue Springs Hills (8 km 
east-southeast of Howell and 

Magnitude 

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

north of the east-west road 
and 9 km east-northeast of 
Blue Creek) .................... < 1.0 

2. 14 km west of Huntington 2 
••••••••• 1.2 

3. North end of Blue Springs Hills 
(same location as event on 
January 1). Felt in Blue Creek 
and Portage. (15: 26 UTC) .......... 2.4 

3. North Promontory Mountains 
(same location as event on 
January 28) .................... <1.0 

3. North end of Blue Springs Hills 
(same location as event on 
January 1) ..................... <1.0 

3. Ditto-a second event ............. < 1.0 
3. Ditto--a third event ............... 1.5 
3. Ditto--a fourth event ............. < 1.0 
4. Ditto ......................... <1.0 
4. South end of Pocatello Valley 

(about 4 km south of Utah-Idaho 
border) ....................... <1.0 

4. North Promontory Mountains 
(same location as event on 
January 28) .................... <1.0 

4. 4 km west-southwest of Flux 2 
•••••• <1.0 

4. North Promontory Mountains 
(same location as event on 
January 28) ..................... 1.7 

4. 10 km east of Cove Fort ........... 1.5 
5. Circleville Mountain (16 km 

southeast of Beaver and 20 km 
west-northwest of Circleville) ...... <1.0 

5. North Promontory Mountams 
(same location as event on 
January 28) .................... <1.0 

5. Ditto-a second event ............. < 1.0 
5. Bear River Range (12 km 

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

(16 km east of Snowville and 
5 km south of Utah-Idaho 
border) ....................... < 1.0 

5. North end of Blue Springs 
Hills (same location as event 
on January 1) ................... 1.3 

5. 3 km south of Draper ............. 1.7 
6. 4 km northwest of Orangeville 2 

•••••• 1.3 
6. North end of Blue Springs Hills 

(same location as event on 
January 1) ..................... <1.0 
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Magnitude 

6. Utah highway 83 (6 km southwest 
of Penrose) .................... <1.0 

6. North end of Blue Springs 
Hills (same location as event 
on January 1) .................. < 1.0 

7. 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 

7. North end of Blue Springs Hills 
(same location as event on 
January 1) ..................... <1.0 

7. North Bay of Bear River Bay 
(13 km west-sou thwes t of Corinne) ... 1.6 

8. 11 km south-southeast of Levan 
and 17 km east-southeast of 
Mills ........................... 1.6 

8. North end of Blue Springs Hills 
(same location as event on 
January 1) ...................... 1.6 

8. Ditto--a second event ............. < 1.0 
8. North Promontory Mountains 

(same location as event on 
January 28) .................... <1.0 

8. Ditto--asecond event ............. < 1.0 
8. Ditto--athirdevent .............. <1.0 
8. Bear River Range (5 km east 

of MjJ.lville) .................... <1.0 
8. Nodh Promontory Mountains 

(same location as event on 
January 28) .................... <1.0 

8. Crest of Traverse Mountains 
(7 km south-southeast of Draper 
and 8 km east-southeast of 
Bluffdale) ...................... 1.8 

9. 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) .... 3.2 

9. North end of Blue Springs Hills 
(same location as event on 
January 1) ..................... <1.0 

10. 10 km south-southeast of 
Porterville and 4 km west of 
East Canyon Reservoir ............ < 1.0 

10. 11 km east of Cove Fort ........... 1.8 
11. 1 km west of Sulphurdale ......... < 1.0 
12. Northeast margin of Little 

Mountain (9 km west of Bear River 
City) ........................ , <1.0 

12. North Promon tory Mountains 
(12 km east of Snowville) ......... < 1.0 

12. West Hills (8 km northwest 
of Riverside and 8 km southwest 
of Plymouth) ................... <1.0 

12. North end of Blue Springs Hills 
(same location as event on 
January 1) ..................... <1.0 

13. Northeast margin of Little 
Mountain (9 km west of Bear 
River City) ...................... 1.1 

13. 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 

13. North end of Hansel Valley 
(10 km east-southeast of 
Snowville) ..................... < 1.0 

Magnitude 

15. West edge of Bear Lak~ (1 km 
south of Pickleville) .............. <1.0 

15. 4 km south-southwest of 
Porterville .... , ..... , ........... 1.8 

15. 13 km west-southwest of Huntington 
and 9 km northwest of Orangeville 2 ., 1.0 

15. North Promontory Mountains 
(same location as event on 
January 28) .................... <1.0 

15. Blue Springs Hills (5 km 
northeast of Blue Creek and 1 km 
north of,the east-west road) ........ <1.0 

16. North end of Blue Creek Valley 
(9 km north of Blue Creek and 
6 km south of Utah-Idaho border) ... <1.0 

16. North end of Blue Springs Hills 
(same location as event on 
January 1) ..................... <1.0 

16. Ditto-a second event ....... , ..... <1.0 
16. Ditto--a third event .............. <1.0 
16. Ditto--a fourth event .' ........... < 1.0 
16. 13 km east of Sulphur dale .......... 1.5 
17. 30 km south-southwest of Kelton 

and 18 km west of north-south 
road along east margin of Hogup 
Mountain ...................... < 1.0 

17. 11 km southeast of Beaver .......... 1.1 
17. 13 km east-southeast of 

Sulphurdale .................... <1.0 
17. 8 km northwest of Long Valley 

Junction ....................... 1.2 
18. 8 km west of Pickleville ........... < 1.0 
18. Crest of Stansbury Mountains (5 km 

west-southwest of Dolomite4 and 
8 km south-southeast of Timpie 2 ... <1.0 

18. 8 km east-southeast of Cove Fort 
and 8 km east-northeast 
of Sulphurdale ................... 1.7 

19. 9 km northwest of Long Valley 
Junction ........................ 2.0 

21. 10 km west-southwest of Spry ....... 1.3 
21. 11 km east of Beaver .............. 2.0 
22. 10 km east of Beaver .............. 1.4 
22. 11 km east-northeast of Beaver ..... < 1.0 
22. North end of Blue Springs 

Hills (same location as event 
on January 1) ................... 1.0 

22. 10 km northeast of Cove Fort ....... 1.3 
23. 8 km north-northeast of Cove Fort .. < 1.0 
23. North end of Blue Springs Hills 

(same location as event on 
January 1) ..................... <1.0 

23. Ditto--a second event ............. <1.0 
23. 12 km northeast of Scipio .......... 1.7 
23. 5 km south-southeast of Levan ...... 1.8 
24. 12 km west-southwest of 

Huntington 2 ••••••••••••••••••.• 1.2 
24. 10 km north of Mill Fork .......... 1.3 
25. 9 km east-northeast of 

Cove Fort ...................... 1.8 
27. 5 km north of Orangeville2 ......... 1.8 
27. 2 km northwest of Sulphurdale ...... 1.2 
28. Lakeside Mountains (11 km 

northeast of Low and 6 km east of 
north-south Low-Lakeside road)2 ... < 1.0 

4 Dolomite is 8 km southeast of Timpie. 
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March Magnitude 

2. West margin of Stansbury 
Mountains (5 km south of 
Timpie and 1 km east of 
north-south Timpie-Iosepa 
road .......................... <1.0 

2. 6 km east of Beaver and 2 km 
south of Utah highway 153 .' ...... <1.0 

2. 1 km east of Lakeside 2 ........... < 1.0 
3. North Hansel Valley-area A (13 km 

southeast of Snowville and 3 km 
southwest of the intersection of 
the north-south Hansel Valley road 
and U.S. highway 30S) ..... , ...... 1.1 

3. Di tto--a second event ............. < 1.0 
3. Ditto--a third event .............. < 1.0 
3. North Hansel Valley-area B 

(14 km southeast of Snowville 
and 4 km southwest of the inter
section of north-south Hansel 
Valley road and U.S. highway 30S) ... 1.1 

3. North Hansel Valley-area A 
(same location as event in 
area A on March 3) .............. < 1.0 

3. North Hansel Valley-area B 
(same location as event in area 
B on March 3) ................... 1.2 

4. 11 km east of Cove Fort ........... 1.4 
5. 9 km northeast of Cove Fort ....... < 1.0 
5. North Hansel Valley-area A 

(same location as event in area A 
on March 3) .................... <1.0 

5. West branch of Logan River 
(16 km west of Garden City and 
5 km south of Utah-Idaho 
border .......................... <1.0 

5. Cotton wood Creek (21 km west-
northwest of Orangeville)2 .......... 2.5 

6. East margin of Hansel Valley 
(12 km north-northeast of Cedar 
Springs) ....................... <1.0 

8. 11 km east-northeast of Scipio and 
12 km northwest of Fayette ........ 1.6 

8. 8 km east-southeast of 
Sulphurdale ..................... 1.9 

8. 4 km southeast of Mount 
Pleasant ........................ 1.6 

9. 12 km north-northwest of 
Devils Slide and 14 km north-
northeast of Morgan .............. 2.1 

9. Tushar Mountains (8 km north
northwest of Signal Peak and 
13 km east-southeast of 
Sulphurdale) ......... ' .......... < 1.0 

9. East margin of Stansbury 
Mountains (8 km northwest of 
Grantsville and 5 km south 
of Flux) ....................... <1.0 

11. 10 km east of Cove Fort ........... 1.5 
11. 11 km south of Grantsville 

and 1 km east of St. J ohn-
Grantsville north-south road ........ 1.1 

11. Skull Valley (16 km north of 
Dugway and 1 km west of main 
north-south Dugway-
Timpie road) ................... <1.0 

11. South end of Tooele Valley 
(9 km south of Grantsville 
and 2 km east of the St. J ohn-
Grantsville north-south road) ......... 1.2 

13. 8 km east of Blue Creek ........... <1.0 
14. 6 km east of Venice ............... 1.3 
15. North Stansbury Mountains 
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Magnitude 

(3 km southwest of FlUX)2 ......... 1.1 
15. Beaver River 00 km east-southeast 

of Beaver) ..................... <1.0 
15. South end of Pocatello Valley 

(16 km east of Snowville and 
2 km south of Utah-Idaho border) ..... 1.1 

15. South end of Pocatello Valley 
(18 km east of Snowville and 2 
km south of Utah-Idaho border) ..... 1.7 

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

Cedar Springs) ................... 1.0 
17. Ditto--a second event ............. < 1.0 
17. 5 km north of Orangeville and 

10 km southwest of Huntington2 .... 2.2 
17. 11 km east of Cove Fort ........... 1.7 
18. 8 km west of RoyaP .............. 2.6 
18. 12 km west-southwest of Pickle-

ville .......................... <1.0 
19. 4 km north of Cottonwood Creek 

and 13 km northwest of 
Orangeville and 18 km west-
southwest of Huntington2 .......... 1.8 

20. North Promontory Mountains 
03 km east of Snowville) ......... <1.0 

21. 9 km east of Sulphurdale ........... 2.0 
23. Blue Springs Hills 

00 km northeast of Howell 
and 4 km north of 
U.S. highway 30S) ............... <1.0 

23. On U.S. highway 91 (4 km south-
southwest of Sulphurdale) ......... <1.0 

24. Northern Blue Springs Hills 
(10 km northeast of Blue Creek) ..... 1.2 

24. Fremont Wash area (20 km south
southwest of Beaver 
and 2 km west of U.S. highway 91) ... 1.4 

24. Blue Springs Hills 00 km north
east of Howell and 4 km north of 
U.S. highway 30S) ............... <1.0 

25. 9 km east-southeast of Cove 
Fort and 9 km east-northeast 
of Sulphurdale ................... 1.9 

25. 5 km north of Orangeville and 
10 km southwest of Huntington2 .... 1.6 

25. Blue Springs Hills (10 km 
northeast of Howell and 4 km 
north of U.S. highway 30S) ........ < 1.0 

25. 5 km northeast of Castle Gate 2 ...... 2.8 
26. 11 km east-southeast of Spring City " 2.1 
27. East margin of Canyon 

Mountains (3 km northeast of 
Williams Peak and 10 km 
northwest of Scipio) ............. <1.0 

28. 14 km east-northeast of Cove Fort ... 1.1 
29. At Lakeside2 ................... <1.0 
30. Tushar Mountains (4 km north

northwest of Mt. Belnap and 
17 km west of Marysvale) .......... 1.5 

30. Blue Creek Valley (2 km 
south of Howell) ................ <1.0 

30. 4 km south-southwest of Howell 
and 11 km north of Thiokol and 
1 km west of the north-south 
Howell-Thiokol road .............. 1.0 

30. 3 km southwest of Howell .......... 1.5 
31. Northern Stansbury Mountains 

(3 km southwest of FlUX)2 ........ <1.0 
31. Keg Mountains area 04 km east

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

intersection of the east-west 
Trout Creek-Jericho road and 

Magnitude 

the road going north to Dugway) ..... 1.2 
31. 9 km east of Sulphur dale ........... 1.5 

April 

1. East margin of Hansel 
Mountains (9 km southeast 

Magnitude 

of Snowville and 1 km southwest 
of U.S. highway 30S) ............. <1.0 

1. Lakeside Mountains 01 km north
northeast of Low and 4 km 
east of north-south Low-
Lakeside road)2 .................. 1.8 

1. 9 km east of Sulphurda1e ........... 1.1 
2. 4 km north-northeast of 

Manderfield .................... < 1.0 
2. Hansel Mountains 06 km south

southwest of Snowville and 6 km 
southeast of Snowville-Locomotive 
Springs road) .................... 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-a second event ............. <1.0 
2. Ditto--a third event ............... 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 2 ......... 1.8 
4. 1 km east of Lakeside2 ........... <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 Blue Creek) .................. <1.0 

5. 2 km northeast of Devils Slide2 ...... 1.2 
6. Blue Springs Hills (7 km 

northeast of Blue Creek) .......... < 1.0 
6. West margin of West Hills 01 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 ........................... 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 ......... 1.4 
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 Gran tsville and 3 km 
west of St. John-GrantSVille 
north-south road) ................ 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 2 .......... 1.3 
17. 4 km east of Sevier .............. <1.0 
18. 15 km south-southwest of Levan 

and 1 km east of Utah highway 28 .,. 1.6 
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18. West Hills (8 km west-southwest 
of Portage and 5 km south of 
Utah-Idaho border) .............. < 1.0 

19. 11 km east of Cove Fort ........... 1.4 
20. Utah highway 40 (6 km southeast 

of Timpie and 3 km northwest of 
Dolomite)2 .................... < 1.0 

20. 15 km west of Huntington2 ......... 1.9 
20. 10 km east of Sulphurdale .......... 1.4 
22. Eastern Mineral Mountains 

(14 km northwest of Manderfield) ... <1.0 
22. 1 km west of Devils Slide2 ......... <1.0 
22. 11 km east of Cove Fort ........... 1.5 
23. 2 km southwest of Hatch ........... 1.8 
23. Tushar Mountains 07 km 

east-southeast of Manderfield) ...... <1.0 
24. West margin of Mineral Mountains-

Roosevelt Hot Springs area 09 km 
northeast of Milford) .............. 1.0 

24. Eastern Mineral Mountains 03 km 
northwest of Manderfie1d) .......... 1.0 

25. 4 km northwest of Garfield ........ <1.0 
25. Lakeside Mountains (11 km north

northeast of Low and 6 km east 
of the Low-Lakeside road)2 ......... 1.3 

26. On Union Pacific Railroad (2 km 
southwest of Latimer) ............. 1.2 

26. 14 km east of Su1phurdale .......... 1.6 
27. 2 km west of Lakeside 2 ............ 1.2 
27. 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 

27. Fremont Wash (16 km south
southeast of Beaver and 3 km 
east of U.S. highway 91) ........... 1.3 

28. 7 km northeast of Magna .......... <1.0 
28. 8 km northeast of Milford .......... 1.1 
28. 9 km north-northeast of Cove Fort .. <1.0 
28. 12 km east of Sulphurdale .......... 1.6 
28. 10 km east of Cove Fort .......... <1.0 
29 7 km east of Mount Pleasant ........ 1.4 
29. Eastern Stansbury Mountains 

(2 km south of FlUX)2 ............. 1.2 
29. 8 km southwest of Wanship ......... 1.2 
29. Weber River Canyon (5 km east 

of Morgan)2 .................... < 1.0 
29. 10 km east of Cove Fort ........... 1.3 
30. 10 km north-northwest of 

Milford ....................... <1.0 

May 

2. North Promontory Mountains 
(14 km east of Snowvillt' and 

Magnitude 

4 km south of Utah-Idaho border) ... <1.0 
2. 10 km north of Central ............ 1.4 
3. West margin of Hansel Valley 

08 km south of Snowville) ......... 1.3 
3. Tushar Mountains (13 km east 

of Sulphurdale) ................. <1.0 
3. 5 km northeast of Cove Fort ....... < 1.0 
4. 12 km north-northeast of 

Cove Fort ...................... 1.7 

4. 10 km east of Cove Fort ........... 1.8 
4. East margin of Stansbury 

Mountains (9 km west-northwest 
of Grantsville and 7 km south 
of Flux) ........................ 1.1 
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5. Northern Hansel 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 

Magnitude 

road and U.S. highway 30S) ........ 1.0 
5. 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 

5. 2 km southwest of Cornish ......... 1.2 
6. 4 km sou th of Porterville .......... < 1.0 
6. Tushar Mountains (11 km east 

of Sulphurdale) .................. 1.5 
7. Northern East Canyon 

Reservoir (9 km southeast of 
Porterville) ..................... < 1.0 

7. 11 km north-northeast of 
Cove Fort ..................... <1.0 

7. 2 km south of Cove Fort .......... < 1.0 
7. Antelope Range (11 km north-

east of Newcastle) ................ 1.9 
7. 3 km east of Cove Fort ........... <1.0 
7. 3 km east of Cove Fort ............ 1.3 
8. 11 km north-northeast of 

9. ~~~~l~~u~ ~~i~~ '( i 2 'k'~ 's~~ ~h ..... < 1.0 

of Snowville) .................... 1.5 
9. 12 km west-northwest of 

Huntington 2 ..................... 2.5 
9. 13 km east-northeast 

of Alunite ...................... 1.3 
9. 6 km east of Marysvale ............ 1.1 

10. 1 km southeast of Lakeside2 ........ 1.1 
11. 3 km southwest of Joseph ......... <1.0 
11. East margin of Tushar 

Mountains (4 km southwest of 
Mary svale) . . . . . . . . . . . . . . . . . . . .. < 1. 0 

11. 10 km east of Cove Fort ........... 1.6 
12. Southern Blue Springs 

Hills (6 km east-northeast of 
Thiokol) ....................... 1.3 

12. Northern Valley Mountains (9 km 
northeast of Scipio) ............... 1.1 

12. 2 km north-northwest 
of Devils Slide2 .................. 1.3 

12. 11 km east-northeast of 
Liberty ....................... < 1.0 

12. 11 km east-northeast of 
Liberty ........................ 1.5 

13. Blue Springs Hills 
(7 km northeast of 
Blue Creek) .................... < 1.0 

13. Circleville Moun tain (20 km 
east-southeast of Beaver) ........... 1.1 

14. 11 km north-northeast of 
Cove Fort ..................... <1.0 

14. 17 km northwest of 
Huntington2 .................... 2.1 

14. 2 km north of Ruins and 
6 km northwest of Mills ............ 1.0 

14. 1 km south of Ruins and 4 km 
west-northwest of Mills ............ 1.7 

14. East branch of Logan River 
(12 km west-northwest of 
Garden City and 2 km south of 
Utah-Idaho border) ............. <1.0 

14. West margin of San Pitch 
Mountains (15 km southeast of 
Mills and 4 km east of Utah highway 
28) ............................ 1.1 

Magnitude 

15. West Hills (11 km east-
northeast of Blue Creek) .......... < 1.0 

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

16. 8 km east of Cove Fort ............ 1.0 
18. North end of Blue Springs Hills 

(8 km northeast of Blue Creek) ...... 1.4 
19. The Three Peaks area 

(10 km north of Iron Springs 
and 4 km west-southwest of 
Cedar City-Lund road)2 ............ 1.4 

20. Southern Blue Springs Hills 
(6 km east-northeast of Thiokol .... < 1.0 

20. 9 km east-northeast of 
Sulphurdale and 9 km east-
southeast of Cove Fort ............ 1.6 

21. Paunsaugunt Plateau (19 km 
east-northeast of Long Valley 
Junction and 15 km southeast 
of Hatch) ....................... 1.3 

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

22. Blue Springs Hills (4 km 
east of Blue Creek) .............. < 1.0 

22. 6 km west of East Canyon 
Reservoir and 10 km south of 
Porterville ...................... 1.8 

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

24. 8 km north-northwest of 
Mill Fork and 14 km east-
northeast of Thistle ............... 1.2 

25. 5 km north-northwest of 
Orangeville2 ..• _ ................. 2.0 

25. Lakeside Mountains (13 km 
north-northeast of Low and 
5 km east of north-south 
Low-Lakeside road)2 .............. 1.6 

26. Blue Creek Valley-on U.S. 
highway 30S (4 km north-
east of Howell) ................. < 1.0 

27. Bear River Range (10 km 
east-northeast of 
Richmond and 10 km east-
southeast of Cove) ............... <1.0 

27. 13 km east of Cove Fort ........... 1.8 
27. 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)2 ............... 1.2 

28. West margin of Bear River Range 
(6 km east-northeast of 
Richmond and 6 km east-sou th-
east of Cove) .................... 1.2 

28. West margin of Bear River 
Range (8 km east-northeast of 
Richmond and 7 km east-
southeast of Cove) ................ 1.2 

28. West margin of Bear River 
Range (7 km east-northeast of 
Richmond and 7 km east-
southeast of Cove) ............... <1.0 

28. 6 km south-southeast of Alunite 
and 1 km east of U.S. highway 89 .... 1.0 

28. West margin of Bear River 
Range (7 km east-northeast of 
Richmond and 7 km east-southeast 
of Cove) ....................... <1.0 

28. 2 km east of Cove Fort ........... <1.0 
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Magnitude 

29. West margm 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)2 . ' ...................... 1.3 

June Magnitude 

1. Blue Creek Valley 
(3 km south of Howell) ........... <1.0 

1. 1 km northeast of Lakeside 2 ........ 1.0 
1. 2 km west of Devils Slide2 ......... <1.0 
2. Tushar Mountains (23 km 

east of 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 

Kenilworth2 .................... 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) ..................... 1.8 

4. At Monroe ..................... <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 ...................... 2.0 

8. 8 km north of Cove Fort ........... 1.0 
8. Ditto--a second event ............. <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 
sou theast of Blue Creek) .......... < 1.0 

10. Ditto--a second even t ............. < 1.0 
10. Blue Springs Hills (7 km 

southeast of Blue Creek) ........... 1.0 
10. Blue Springs Hills (8 km 

east-southeast of Blue Creek) ......... 1.3 
10. Tushar Mountains (13 km east-

southeast of Sulphurdale) .......... 1.6 
11. 11 km east of Alunite ............. 1.1 
11. 3 km west of Devils Slide 2 .. . ...... 1.1 
II. 2 km east of Sulphurdale ........... 1.2 
II. 3 km east of Cove Fort ........... < 1.0 
12. 12 km north of Cove Fort .......... 1.4 
12. Fremont Wash (21 km south of 

Beaver and 3 km northeast of 
junction of U.S. highway 91 and 
Utah highway 20) ................. 1.3 

12. North end of Hansel Valley (11 km 
southeast of Snowville and 2 kIn 
north of U.S. highway 30S) ........ <1.0 

12. Ditto-a second event ............. < 1.0 
13. 2 km east-northeast of Marysvale .... <1.0 

15. 1 km north of Sulphurdale ......... 1.3 
15. Tushar Mountains--Delano Peak 

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



84 

Magnitude 

15. 4 km southwest of Pick1eville ....... 1.0 
15. 10 km east of Mills ............... 2.0 
16. North end of Hansel Valley (12 km 

southeast of Snowville and 2 km 
north of U.S. highway 30S) ......... 1.3 

16. East margin of Hansel Mountains 
(10 km southeast of Snowville and 
2 km south of U.S. highway 30S ..... 1.0 

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

17. 13 km east of Cove Fort ........... 2.0 
18. 10 km east of Coalville ............ 1.6 
18. 6 km northwest of Cove Fort ....... 2.3 
19. East margin of Hansel Mountains 

(9 km southeast of Snowville and 
2 km south of U.S. highway 30S) .... 1.8 

20. North end of Hansel Valley (2 km 
southeast of Snowville and 2 km 
north of U.S. highway 30S) ......... 1.0 

21. South central Bear Lake (4 km 
southeast of Pickleville) ........... < 1.0 

21. 10 km east of Cove Fort ........... 1.3 
22. East margin of San Pitch Mountains 

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

km east of Snowville and 3 km 
south of Utah-Idaho border) ....... <1.0 

22. North end of Blue Creek Valley 
(20 km east-southeast of Snowville 
and 5 km south of Utah-Idaho border)<1.0 

22. Lakeside Mountains (13 km north
northeast of Low and 6 km east 
of north-south Low-Lakeside 
road)2 ......................... 1.9 

23. 2 km south of Flux2 
••••••••••••• <1.0 

24. West edge of Bear Lake (2 km 
south of Garden City) ............ <1.0 

24. 8 km east-northeast of Cove Fort .... 1.3 
27. North end of Hansel Valley (12 km 

southeast of Snowville and 2 km 
north of U.S. highway 30S) ......... 1.6 

28. 1 km north of Henefer2 ........... <1.0 
28. West margin of Bear River Range 

(4 km southeast of Richmond) ..... <1.0 
29. 1 km north of Henefer 2 

•••••••••••• 1.1 
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Table 1. Number of probable rockbursts - PROBABLE ROCKBURSTS 
January 1, 1977 through June 30, 1977. 

1 

2 
3 

3 
5 

4 2 
5 2 
6 5 

7 6 
8 6 
9 

10 2 

11 2 

12 2 

13 

14 

15 

16 

17 2 
18 3 
19 3 
20 1 

21 3 

22 2 

23 

24 2 

25 2 

26 2 

27 3 
28 2 

29 5 
30 3 

31 

Total 71 

2 
1 

3 
3 

4 
2 

1 

2 
4 

1 

2 
1 

2 
2 

4 
2 
2 

3 

44 

3 
4 

2 
6 
3 

2 
1 

3 
3 

6 
1 

1 
2 

3 

1 

2 
4 

7 
2 
2 

6 

8 

2 
3 

6 
3 
4 

92 

2 
1 

2 
3 
3 

2 

2 

4 

2 
5 

8 

3 
6 

4 
5 

2 
2 
3 
8 

3 2 
2 4 

5 
3 

4 

3 

2 

2 

54 

6 
3 
6 
1 

3 
2 

4 
5 
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2 
2 
6 

3 
4 

2 
3 

5 

6 

4 

4 
3 
1 

5 
1 

3 

4 

6 
3 
2 
2 
4 
2 
4 
4 
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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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