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UTAH GEOLOGICAL SURVEY

The Applied Geology Program of the Utah Geological Survey responds to, evaluates,
and documents geologic hazards such as earthquakes, landslides, and floods within
the state. These photos are of the recent Santa Clara landslide in Washington
County, Utah.
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by M. Lea Allison

THE POLITICS OF EAKTHOQUARES

The past lfew months have been important for Utah’s
stale carthgquake program;

The magnitude 43 western Traverse Mountains earthquake near Herriman
on March 16 was the biggesl seismic event on the Wasaich Front in ncarly a
decade; The Earthquake Advisory Board (EAB) was cstablished and is now
developing its strategy and program; The Governor and the Legislature agreed
on cstablishing a state strong-motion instrumentation program and authorized
funding for it; Creation of seismic zone 4 of the Uniform Building Code (UBC)
along the Wasatch Front became a front-page controversy, albeit for a short time.

The earthguake
An evaluation of the seismic event may be found in the article by Christenson
and Mig in this issue, Egnthquake in southem Salt Lake Valley.

Earthgquake Advisory Board

The EAB includes inits membership some who have long been active in the
state earthquake program and others who have great expertise and interest but
have nol had thai same involvement. In the frst few ml;l;l;ing_xl discussion has
focused oa the role of the EAB and its dircction. As a member of the Technical
Committee of the EAB, it is my hope that we will adopt some of the more
succeasiul activities of California’s Scismic Safety Commission. In particular, 1
think it critical that Utah prepare a comprehensive listing of the carthquake
activitics that are prescotly underway and those that need to be implemented.
The EAB should prioritize the needs and assess the resources necessary to
achicve them.

Sirong-molion program

A significant step in acquiring information needed to better design Ulah's
buildings and other structures was taken by the Utah Legislature which approved
the Governor's recommendation to begin funding a strong-motion instrumenta-
ton program. For three years this program has been the cornerstone of a
comprehensive carthquake instrumentation initiative that is the earthguake
community's highest priority. Because of the total program’s $3 million price tag,
it has never fared well in the Legislature. This year, the UGS proposed that the
strong-motion instrument part of the program be funded separately and in-
crementally over a long period of time, The Governor's office supporied the
|.'n|1|:|r_',|.'|1[ and the |.J;.gih.'|ulun;. a|:|pr|.r|.'|.:-|.i il |:|:.||1|:_|i.|:|.'. T]'ll.: m‘igi:nu] [|r|.r|1|.re-.;.'||. thirce
years ago was for $1.6 million for a minimum siatewide program, The package
approved this vear 1s for 575,000 per vear, Thus, although it will take a least 20
years Lo eslabhish the basic network, our beliel 15 that il 15 betler o start sooner
with a small amount and build a good program than have no program while we
wail for full funding that may never come. Costinued on page 24...
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RADON STUDIES IN UTAH AND THE STATE INDOOR
RADON GRANT PROGRAM

Radon is an odorless, tasteless, mkﬂ]:ﬁtadimﬂiw gas
which forms primarily by decay of uranium (“LU), One radon
Eotope, n, is the most significant contributor to the indoar
radon problem and may accumulate indoors in conoentrations
sulficient (o pose a significant health hazard. The US. En-
vironmental Protection Agency (EPA) estimates that from
B, 000 v 800,000 Acmericans will die each vear from lung cancer
caused by long-term inhalation of radon gas (Schoidt and
others, 1990; figure 1), The EPA (1986) has established 4
pCY as the indoor radon conceniration above which mitiga-
tion is recommended,

Concentrations of indoor radon are a lunction of a number
of variables, including presence of a significant radon source,
weather, building construction, and ventilation. The source of
most radon is uranium in the geologic materials surrounding
a building’s foundation. Radon migration from the ground
into buildings is affected by geologic factors such as soil or
rock permeability. The Utah Geological Survey (UGS), in
cooperation with the Utah Division of Radiation Control
(UDRC), Department of Environmental Quality, is inves-
tigating the relationship beiween geology and the indoor
radon hazard by participating in a stalewide radon study
under granis from the EPA,
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Figiae 1. Radan nsk evalastion (modified from BPA, TU86).

by Bill D, Black and Barry J. Solomon

EPA FROGRAM OBJECTIVES AND UTAH
ACTIVITIES

In 1988, in response to the growing national concern over
the threat of radon gas, Congress enacted Title 11, Indoor
Radon Abatcment Act (IRAA), as an amendment to the
Toxic Substances Control Act. The IRAA has the overall goal
of reducing public health risks from radon gas by rendering
air within buildings in the United States free of radon. Section
306 of the IRAA, the Stale Indoor Radon Grant (SIRG)
Program, authorizes the EPA o provide grants to states bo
support the development and implementation of State radon
assessment and mitigation programs (EPA, 1989),

The goals of the SIRG Program are to achieve widespread
participation by stafes in radon programs, establish basic
radon response capabilities in states that have not yet
developed radon programs, stimulate innovalion and expan-
shon in states with established radon programs, foster radon
program development within the states, and strengthen
federal/state partnerships by helping states develop programs
for communicating and reducing the radon risk beyond the
life of the SIRG Program (EPA, 1989). All of these goals arc
considered equally important by the EPA for success of the

program.

The SIRG Program is to be conducted over a period of 3
years. Dunngth: I'lrsl.granl:}:armul.ah{l‘.l'ﬂ]l fwo principal
activities were conducted. The first activity, coordinated by
the UDRC, involved soliciting volunizers from the Sandy :lII-I:'
Provo areas Lo monitor their homes for indoor radon over a
ong-year pericdl. A survey (o assess indoor radon levels
statewide, conducted by the UDRC in the fall of 1987, indi-
cated that there were indoor radon levels in these citics higher
than the statewide average (Sprinkel and Solomon, 1990}, In
the second activity, the UGS and University of Utah Research
Instituie (UURI conducted a detailed geologic study of the
factors that influence indoor radon concentrations by
reinferpretation of National Uranium Resource Evaluation
(NURE) aerial radiomeiric data, collection of hecld
radiometric data, and physical characterization of soils
(Solomon and others, 1991). The first grant year provided
valuable information required (o examine the relationships
between geology and clevated indoor radon levels, and
developed geologic techmiques for assessing radon hazard
potential,

Second grant year activities, now completed, include
detailed indoor radon surveys and radon-hazard-potential
investigations in the Ogden Valley and St. George arcas, as
well as an update of the statewide radon-hazard map. The
Opden Valley and 5, George arcas were identified by the
UDRC as having indoor radon concentrations higher than the
statewide average (Sprinkel and Solomon, 1990), In these
areas, (he radon-hazard-polential investigations will consist of
collection of feld radiometric data and physical charac-
terization of soils. The statewide radon-hazard map wall be
updated by compiling outcrop data of uranium concenfrations
from the MURE program and other uranium resource studics,
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and will show which geologic units in the state have the
highest potential as uranium source arcas.

Planned for the third grant year, as funded, are a
detailed indoor radon survey and radon-hazard-potential
investigation of the Sevier Valley arca, and a radon-
hazard-potential investigation of part of the Weber River
flood plain west of the Wasatch Range. The Sevier Valley
arca, from Richfield 1o Monroe, was also identified as
having indoor radon levels higher than the statewide
average (Sprinkel and Solomon, 1990). The Weber River
Mood plain, a populows and rapidly growing suburban arca
near Ogden, was selected due 1o a cluster of high indoor
radon measurements, ranging from 109 pCil in South
Weber and 150 pCilin Roy 1o 68.2 pCil in Uintah (the
highest value recorded in Utah) (Sprinkel and Solomon,
1990}, The radon-hazard-potential investigations will be
-!:.u:m-dul-l:tc'l:l in the same manner as the second grant vear
investigations.

GEOLOGIC INVESTIGATIONS OF RADON-
HAZARD POTENTIAL DURING THE FIRST
GRANT YEAR

In 1994], the UGS investigated the radon-hazard poten-
tial of the east Sandy and east Provo areas. The hazard
Fnltlﬂial was estimated by determining three geologic
actors: (1) uranium content of sodls, (2) concentration of
radon in soil gas, and (3) depth to ground water (Solomon
and others, 1991). Numerical scores were applied 1o each
rating factor, and composite ratings were caleulated 1o
eslimate the hazard potential for each major Quaternary
(unconsolidated, basin-fill) geologic unit (Solomon and
others, 1991). The objectives were: (1) to define geologic
factors which inlluence radon distribution, {2} to cstablish
eapid and inespensive Oeld techniques to delineate radon-
hazard areas, and (3} 1o achieve more efficient testing and
miligalion in exisling construction, and hazard prevention in
aew construction by identifying hazard arcas (Solomon and
others, 1991}, Airborne radiomelric measurements were in-
terpreted for the east Sandy arca and adjacent Wasatch
Range and field data were collected in both study arcas.

The cast Sandy study arca is in southeastern Salt Lake
County, extending from the mouth of Big Cottonwood Canyon
on the north to Draper on the south, and from approximately
State Street on the west to the Wasatch Range on the east
{figure 2). The average indoor radon level in the cast Sandy
sludy area is 3.2 pOul, with 17 percent of measurcmeints
greater than 4 pCyl (Solomon and others, 1991,

The Wasatch fault zonc separates unconsolidated deposits
in Salt Lake Valley from bedrock in the Wasatch Range, The
valley is underlain by a complex sequence of unconsolidated
Cuaternary alluvial, deltaie, lacusiring, and colian basin-Rll
deposits (Personius and Scott, 1990). Although a wide variety
of bedrock types occur in the Wasatch Range east of Sandy,
only some lithologics have the potential to provide source
material with elevated wranivm levels to the Quaternary
deposits in the study area, They are; (1) Oligocene granitic
rocks of the Litile Cirllun'n'-'l::lnl,l.l .-‘k||a,am,:| K:hl}'llln Peak stocks
(Crittenden, 1976); and (2) Precambrian metamorphic rocks,
including the Mineral Fork Formation {(Condie, 1967).
Ouartzite, shale, and slate of the Precambrian Big Cotton-
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Figure . Location of the east Sandy and zast Frove study aress.

wood Formation (James, 1979 have low wranium levels.
Giround waler occurs al depths greater than 50 feet (15 m) in
the eastern part of the study area, but is less than 10 feet (3 m)
deep to the west (Anderson and others, 19860},

The east Provo study arca is in Utah County, extending
from Orem on the north (o Provo on the south, and from
approximatcly Interstate 15 on the wiest to the Wasatch Range
om the cast (figure 2). The average indoor radon level within
the cast Provo study arca is 26 pCil, with 12 percent of the
measurements greater than 4 pCyl (Sprinkel and Solomon,
JLEL TN .ﬁ.lth:‘!l.lgl:l the indoor radon level in this .al_l.id.}l e 1%
lower than the statewide average, Sprinkel and Solomon
(19940} demonstrated that the cast Provo area does contain
anomalous arcas with indoor radon levels in excess of the
statewide average,

Like the cast Sandy study arca, the Wasatch fauli zonc
separates unconsolidated deposits in Utah Valley from (he
bedrock in the Wasatch Range, The study area iz underlain
by Cuaternary sediments similar in orgin o those of east
Sandy (Machette, 195%). Bedrock with the potential to pro-
vide source material with elevated uranium levels to the un-
consolidated depositz in the valley includes: (1) the
Pennsylvanian 1o Mississipplan Manning Canyon Shale, a
dark shale that underlies much of the range front, and (2)
diamictite of the Precambrian Mingral Fork Formation, which
underlics the drainage basins of Bock and Slate Canyons
(Baker, 1964, 1972, 1973). Limestone and quartzite of the
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Pennsylvanian and Permian Oguirrch Formation transported
from the interior of the Wasatch Range by drainage through
Provo Canyon have low uranium levels. Ground water occurs
at depths greater than 50 feet (15 m) to the cast, but is less
than 10 feet (3 m) deep to the west (Anderson and others,
1986 ).

The airbomne radiomeinc survey completed under the
NURE program delineates large areas of high surface
uranium concentrations, and also serves as an indicator of
areas that may have a potential indoor radon hazard (Duval
and (Hion, 1990), A confour map of equivalent uranium (eLT)
was gencrated by ULUTRI from data compiled from the NURE
radiometric survey for a part of the Sali Lake City 1:250,000
quadrangle, which covers the cast Sandy study arca (Solomon
and others, 1991; figure 3). The average uranium concentra-
tion for the entire quadrangle is 1.65 parts per million (ppm)
(EG&G Geometrics, 1979), The map shows three anomalous
arcas of uranium concentrations greater than 3.2 ppm. Area
A is in the cast Sandy study arca and is associated with high
indoor radon levels in the Sandy arca. Anomalics with high
wranium values (B and C) in the Wasaich Range cast of
anomaly A are located over the granitic stocks of Little Cot-
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others, 1991). In cast Sandy, the highest average uranium
levels (7.1 ppm) were found in upper Pleistocene sand and

vel of the Provo (r ive) shorelines of the Bonneville
Ebcqﬂ:h (Solomon and others, 1991). High levels (6.9 ppm)
were also found in the upper Pleistocene gravelly alluvium of
terraces graded to the Frovo shoreline near Liille Cotton-
wood Canyon. In cast Provo, the highest average uranium

levels (3.1 ppm) were found in upper ne lacusirine
gravel of the Bonneville (transgressive) shoreling {Solomon
and others, 1991).

Measurement of radon in soil gas showed the average levels
of randon were also higher in east Sandy (528 pCyl) than in cast
Provo (449 pCil) (Solomon and others, 1991). In east Sandy,
the highest average levels of radon in soil gas (641 pCil) were
found in the upper Pleistocene terrace deposils aoted above
(Solomon and others, 1991). In east Provo, the highest levels
of radon in soil gas (679 pCuT) were found in middle Holocene
(o upper Pleistocens allwaal fans (Solomon and others, 1991),

Once radon gas i formed, it can migrate into buildings
through the soil, The rate of migration depends on the soil
permeability, which is affected by moisture content, density,
and soil texture. Soil in cast Sandy is generally gravelly samd,

tonwood, Alta, and Clayton Peak. and is more permeable than the gravelly loam of the cast Provo
arca {Solomon and others, 1991). Because
pore water elfectively traps radon and inhibits
movement through the soils, low water content
LA YT Ty T 1 V5] above the ground-water table facilitates the
%’A’ﬁ . o~ &;’ :;,;rﬂ" movement of radon. This phenomenon is
o . ] graphically illustrated in cast Sandy where
| Swedy Ar LS NI N e - Quaternary units high in uranium, but with
LS 1/ 00 shallow ground water, have low levels of soil
o .4-:..;;—:_____ gas (Solomon and others, 1991),
wF I-"ﬂ,'__-'—__:- T I. The relative radon-hazard potestial of
v b [ genlogic units in the cast Sandy and cast Provo
[ # arcas was eslimated by three factors: (1) soil
[ 1™ ‘R\J_ uranium concentration, (2) concentration of
'ﬂt“l __{_‘; radon in soil gas, and {3} ground-water I:'m!:l
. -”'::?"-T." | I (Solomon and others, 1991). Each geologic
o =4 ey ) unit was assigned a hazard rating a
- =15 "{‘-_is_:a"' . numerical rating scheme based on ll:l‘?;:l.d
§ : il g data. Using this hazard rating, radon-hazard-
f AVARN | _.—-:-_'\-.\ potential maps for the cast Sandy and cast
407 30rLL } ) Y Provo arcas were constructed {figures 4 and
112 ooy = HZ# 5 5). For a discussion of the methodology used
L==f consull Solomon and others (1991).

Figure 1. Uranium conoesirations fram sirbame radicenelric sarvey, east Sandy area. Heawy
line & Wasaich Range front. BOC s Big Cottonwood Canyon, LCC & Little Cottoswood

Canpon. Costous @beial is 0.4 ppm {Sodamon and others, 1991

Field data collected from both the cast Sandy and cast
Provo arcas included: (1) gamma-ray spectrometry, (2) levels
of radon in soil gas, (3) soal mowsture and density, and (4) soal
texture {(Solomon and others, 1991). Gamma-ray
specirometry determines the concentration of radioactive
parent material in the soil available for decay into radon gas.
The level of radon in soil gas measures the amount of radon
available for migration into buildings. Soil moisture, density,
amd lexture all affect the mobility of radon gas,

Gamma-ray spectrometry showed that average uranium
levels were significantly higher in the cast Sandy arca (5.6
ppm) than the cast Provo arca (26 ppm) (Solomon and

In both study arcas, geologic units with the
highest hazard rating were upper Fleistocenc
lacustrine sediments related to the transgres-
sive phase of the Bonneville lake cycle, as well
a8 younger deposits overlying the tr -
sive units (Solomon and others, 1991), However, the hazard
rating is not indicative of actual indoor radon levels because
a quantitalive relationship does aod exist between factorns
measured in the feld and indoor radon. Factors not con-
sidered include building construction iques, lifestyle,
and weather, all of which can strongly affect indoor radon
levels. Small bocalized areas of higher or lower indoor radon
levels may still occur.

The indoor radon hazard potential of geologic units in the
easl Bandy and east Provo areas refllects common depositional
palterns and physical conditions, Such patterns and condi-
thons, as well as technigques used o identify them, are ap-
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plicable 1o identification of other indoor
radon hazard arcas along the Wasatch
Froni,

In east Sandy, drainage from Little Cot-
fonwood Canyon transported material
derived from Oligocene granitic rocks with
relatively high uranium content to the Little
Cottomwood delta ol both the Bonneville
[transgressive) and Provo (regressive)
levels (Solomon and others, 1991 figure 6).
Material transported through Big Cotton-
wood Canyon to the Big Cottonwood delta
is relatively deficient in uranium, but is also
derived in pard from Oligocene granitic
rocks and Precambrian mq.:la_'rnurphir.: rocks T
with higher uranium conlenls, Below the s
Provo (regressive) level, sediments are nol — gupe,
well draned and a significant part of radon

Big Conoawosd Formation
Lo uranium source

Big Cottonwood /% f
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Flgure 5 Radon-hezand potentisl of sast Provo (Solomon and others, 1991,

Mineral Ferk Formarion
Hig]'l UTATIUE BHaCeE
Ala, Clayton Peak, and
Limbe Cortomwoad Siocks
High uramium source

Coronwood
Caryen

._-,:;uh
.\ﬁh&
ﬁ e, Little

-
Precambrian
. metamorphic rocks

gas at this level migrated with shallow SANDY - .

ground waler rather than with soil gas. ”LI;r_L Hranan seure ghraden -
In east Provo, uranium-enriched sedi- T, . o

ment was derived from the Mineral Fork Lowentmafunts smben bomel puienild "= et

Formation and Manming Canyon Shale,
transporied locally through Rock and Slate

—=—N\

Bonneville bench & vounger
deposits on Little Cottomwood  delta

Canyons and deposited at the Bonneville
(transgressive) level along the range front
(Solomoen and others, 1991; Ogure 7).

Figure 6. Sketch of reglonsl geckogy showing the relationship Belween sranism sosrics, depos-
tional areas, and radon-hazard potential in east Sandy (Solomos and oihers, 1991
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Mineral Fork Formation
High wranium source

Manning Canyon Shale

Slate Canyon

Figare 7. Sketch of regional peology showing the relationship between uranium sources, depositional areas, and radon-hazard potential in et Frovo (Solossan

andl alkers, 1991 )

Material derived from the Oguirrth Formation, (ransported
IhrLlugh Priowiao l._:an}'l.m and r]l:[u.:-:-ﬁ[l:d. on the Provo River
delta, is deficient in uranium, As in cast Sandy, the units with
the highest potential for an indoor radon hazard are well-
draincd scdiments that allow soil gas migration rather than
migrafion with shallow ground water, Lower uranivm levels
in gasf Provo compared to east Sandy reflect the differcnces
in source maleril,

GEOLOGIC INVESTIGATIONS OF RADOMN-
HAZARD FOTENTIAL DURING THE SECOND
GRANT YEAR

In 1991, the UGS im-l:hli.g.alcd the radon-bhazard |:I||[|_'|:'|liu|.
of the Ogden Valley and 5t. George basin. Three geologic
factors wers wsed to estimate the radon-hazard potential of
these arcas: (1) uranium content of soils, {2) soil permeability,
and (3] depth to ground water. Unlike the first grang-year
investigations, soil gas concentration has been replaced by soil
ru;rml,'_;lhilil,:,.' 3% 4 Tactor du[urmi.ni.n_g thir hazard El-ﬁll.:ﬂli:LL
becanse permeability is a primary factor whereas soil gas
comcentration i dervative and depends on primary geologic
Factora, However, becavse the feld work and analysis of data
i5 ol ¢|.‘:-|I|.|"|||,:I|,: at this tome, no hazard t:ili.llg.\ have heen
;lﬁ.'aigm;l.l am_] I_l'u.: |131:.".u_rﬂ pcﬂt.:rll_'r.iﬂ ol l;]u..-u,, H g =L i1 Aol }'L‘1
determined.

The Ogden Valley study area is in Weber County, about 12
miles (19 km) cast of Ogden, and includes the towns of
Huntswille, Liberty, and Eden (Ggure 8). Indoor radan levels
in the Ogden Valley area range from 2.1 pCil 1o 176 pCil
(Sprinkel and Solomon, 19%940). Only four indoor radon levels
were measured in Ogden Valley; two were higher than 4 pCid
(Sprinkel and Solomoen, 1990).
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Opden Valley 1= a northwest-trending valley east of the
Wasatch Range front, and 15 bounded on the cast and west by
faults that dip toward the valley (Leggette and Taylor, 1937).
The valley is underlain by a thick sequence of sedimentary
basin-fill deposits that have accumulated since early Tertiary
time {Lofgren, 1955). Bedrock lithologies in the Wasatch
Range surrounding Ogden Valley with a potential to provide
source material with clevated levels of uranium are: (1) the
Tertiary Norwood Tulf, which underlics many of the western
and southwestern slopes bordering the valley, and (2} argallite
weathered from the Precambrian Inkom, Kelley Canyon, and
Maple Canyon Formations and transported to the valley by
drainage through the Morth Fork, Middle Fork, and South
Fork of the Ogden River {Crittenden, 1972, Crittenden and
Sorcascn, 1979), Ground water occurs at depths greater than
50 feet {15 m) around the edges of the valley, but is less than
10 Feet (3 m) in much of the valley interior.

Three types of Deld data were collected in Ogden Valley:
(1) gammasray spectrometry, (2) levels of radon in s0il gas,
and {3) soil texture, Gamma-ray spectrometry showed that
uranivm conceniralions were higher inthe north and west part
of Ogden Valley (Aigure 9). High uranium levels occurred
generally in Quaternary alluvial sediments derived from
bedrock wath elevated uranium bevels (Lowe, in prep.). High
soil-gas measurcments occurred gencrally in uranium-rich,
permeable, and well-drained alluvial sediments. Preliminary
data analysis indicates that the potential for clevated indoor
radon levels in the ODgden Valley is highest in the northwestern
part of the valley, north and west of Liberty, and is lowest (o
the soatheast, cast of Huntsvlle,
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The 5t. George study area is in Washington County, and
inclades Santa Clara, Middleton, Washington, Bloomington,
and 5t. George (figure 100, Indoor radon levels ranged from
0E pCyl o 6.2 pCil (Sprinkel and Solomon, 1990). Like
Ohgden Valley, only four indoor radon levels were measured
in the statewide survey in the 5L George area; one was greater
than .-]:I'ci.ﬂ [’Ep:rinl!l.:l and Soalomon, 190},

The 5t. George basin is centered on the conflucnce of the
Virgin and Santa Clara Rivers. Population centers lic in the
river valleys, which are underlain by Quaternary alluviom.
Bedrock wnits with the potential to provide
source material with elevated levels of
uranium are: { 1) the Triassic Moenave Forma-
tion, which was mined for wranium in the near-
by Silver Reef mining district, (2) the Triassic
Chinle Formation, a prolific producer of
uranium ore in Utah, and {3) the Triassic
Mocokopi Formation {Doclling, 1974).
These wnits crop oul over a large arca in the
southern part of the study arca and alluium
derived from them has wraniom levels of up to
4.7 ppm. Distribution of wranium in alluvium
derived from these bedrock souwrces is
governed by Quaternary sedimentation pat-
terns. The Navajo Sandstone of Jurassic age
is commion bo the north part of the study arca
and is exceptionally deficient in uranium, with
levels generally below 1.5 ppm.

Ficld data collected in the St. George arca
included 1) gamma-ray spectrometry, 2) levels
of radon in soil gas, and 3) soil (exiure, Aire
borne radiometne surveys of the area, cone
ducted for the NURE program, indicate that
the St George basin has low average apparent
uramium concentrations, However, because
the resolution of these surveys is insullicent Lo
detedt localized concentrations of wranium,
ground-based gamma-ray speciromelry was
used 1o determing the detailed distribution of
uraniwm in the arca. The ficld data, combined
with evaluation of ground-water depth and
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disinbution of surficial geologic units, was used to evaluate
the radon-hazard potential of the St George basin.

GEOQLOGIC INVESTIGATION OF RADON-HAZARD
POTENTIAL DURING THE THIRD GRANT YEAR

In 1992, the UGS plans to investigate the radon hazard
polential of the Sevier Yalley arca and Weber River food
plain, using techniques similar to those used in the Ogden
Valley and St. George study arcas,

The Sevier Valley study arca is in Sevier County and in-
cludes Monroe, Joseph, Richficld, and Sevier. Indoor radon
lewels in the Sevier Walley arca ranged from 08 pCifl to 224
pCVl, with 35 perceat of the measurements greater than 4
pCil (Sprinkel and Solomon, 1990). Geologic units with the
podential to provide source material with clevated levels of
uranium Lo the unconsolidated valley fill may be calc-alkaline
volcanic Mows and tuff bedrock of the Marysvale volcanic field
(Cunningham and oihers, 1983),

The Weber River flood plain is in Weber County, and
includes Uintah, South Weber, and Boy, Indoor radon levels
in the Weber River Mood plain ranged from 0.3 pCil 1o 68.2
PCLT {the highest value recorded in Uliah], with 75 percent of
the measurements greater than 4 pCil (Sprinkel and
Solomon, 1990}, Only Tour indoor radon levels were
measured i the statewide survey in the Weber River Mood
plaim; three were greater than 4 pCil (Sprinkel and Solomon,
199401, A geologic unil thal may bave polential (o provide
source material with elevated levels of uranium to the CQuater-
nary deposits in the arca s the Precambrian Farmingion
Canyon Complex, which consists of argillite, gneiss, and schist
(Davis, 1985; Melson and Personius, 1990).

CONCLUSION

Radon is an environmental concern throughout the
country because of its suspected link (o lung cancer, The
SIRG Frogram developed by the EFA has been succesaful in
fostering an indoor radon program in Utah,  Because of the
complex relationship between geologic and non-geolopic fac-
tors that control radon levels, successful interagency coopera-
tion between the UGS and the UDRC has played an
important role in the indoor radon program.  Additional
grants by the EPA will strengethen federalistale parinerships
and continue to provide valwable information for com-
municating and reducing the radon risk in the state.

Geology can be successlully wsed as a predictor of arcas
wilh elevated indoor radon levels. Adrborne radiometric sur-
veys can be used in conjunction with regional geologic maps
o wentify regomal wranium anomalies, Ground surveys then
determing detailed uranium distnbution in geologic units and
identily other geologic factors such as shallow ground water
and soil permeability.  This combination of airborne and
ground studies enables identification of arcas that have a
higher potential for elevated indoor radon levels.

Although geologic investigations can show the relative
hazard potential of an area, indoor testing 15 still the only
reliable way (o deferming indoor radon levels in an individual
building, Non-geclogic factors such as weather, lifestyle, and
busilding construction and design make predicting radon levels
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from building to building difficult even in areas of high
geologic potential for radon. In the past 15 vears, the baalding
industry has made structures more energy efficent by resirici-
ing venlilation and air fow, which has (o some cxtent in-
criased the indoor radon hazard. Indoor testing can be used
in exastingg siruciures (o monitor indoor radon levels and show
which buildings may require mitigation. However, it is still
important to determine the indoor radon hazard potential of
an arca so that in high-hazard arcas, mitigation techniques can
be incorporated into building design prior (o consiruction.
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Geologic Tours
of Northern Utah

by Suc Morgan

Skillbully illustrated, photographed, and writicn, this ncw
98 page compilation leads the reader through the diverse
geology and scenic beauty of northern Utah's rocky moun-
tain passes, A brief introduction on basic geologic prin-
ciples and a time scale acquaints the amatewr geologist with
the rocks and scencry of northern Utah, after which the
reader 1 guided through the following scenic drives and)
hikes:

Towr 1 - Logan Canyon Tiowr & - Tomy Grove Lake
Touwr 2 - Garden City to Ogden Hike 1 - Jardine Juniper
Tour 3 - Sardine Summit Hike I - Maomi Peak
Tour 4 - Brigham Cify to Ogden via Cache Butie
Tour 5 - Logan to Brigham City Divide

Towr 6 - Red Rock Pass

Tour 7 -Minnetonka Cave

Available for 56.00 from Sales, Utah Geological Survey;
Utah residents please add 6.25% sales tax. WISA and
Mastercard accepted, 1
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HORIZONTAL DRILLING FOR OIL AND GAS IN THE
MOAB AREA

by Craig . Morgan

Mational attention has focused on the Moab area as a result
of the successful completion in 1991 of a horzontally drilled
oil well. Columbia Gas Development's Kane Springs Federal
27-1 (Grand Co., Utah) has a searly 100-foot borizontal leg
drilled at a depth of over 7,000 fect below the surface. The
horizontal leg goes beneath the surface location of two wells
drilled in the 1960, One of the older wells produced a minor
amount of oil before it was abandoned, and the other was a
dry haole.

Horizontal drilling, as the name implies, imolves drilling
horizontally or nearly horeontally (parallel 1o bedding) Tor
distances commonly of 1,000 to 3,000 leet in an oil-producing
horzon, An ol-producing horizon or “pay” zone may have a
true thickness of only 20 feet but can bave 1,000 to 3,000 feet
of pay open o the wellbore of penetrated horizonially,
Hoszomtal drilling s an ideal technique to explome for pay
wonca that depend on fractures 1o contan the ol and provide
pathways for ol trapped within the rock, Fracture density in
rock is seldom uniform, oftcn occurring in fracture scis
separated by unfractured or poorly fractured intervals, There
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Croes-sevtion sketch of & horizontally drilled well in-
lersecling several fractare sei1s in the "Cane Creck®
Shale (From Coludibes Ceis I:ll,:l.'r'lqll_'u'nl:.nl {J_‘u‘q;qm-
lion exhibits before ik Boand of (0, Caes, and Mini-
ng. Docket 91022, Couse 19628

In the past year, five wells have used horizontal-drilling
techniques in the Moab area, Two wells drilled by Columbia
Cias Development have been highly successful. Columbia's
first well, Kane Springs Federal 27-1, was completed Mowing
914 barrels of oil and ZAL,000 cubic feet of gas per day from
the "Cane Creek” Shale. The well was drilled in the Bartlett
Flut ficld which was abandoned in 1965 after producing less
than 40,000 barrels of oil. The 27-1 well produced nearly
100,000 barrels of oil during the first nine months of produc.
tion. Columbia drilled their second well, the Kane Springs

Federal 19-1A, six miles (o the southeast and completed it
flowing 1,158 barrels of o and 234,000 cubic feet of gas per
day aleo from the "Cane Creek” Shale. Columbia’s third well,
the Kane Springs Federal 28-1, 1 mile west of the 27-1 well, is
currently being tested,

The pay zone that the horizontally drilled wells are exploit-
ing is a 40- to 60-foot-thick interval in the "Cane Creek” Shale.
The "Cane Creek” Shale i a naturally fractured, organic-rich
bed in the Pennsylvanian Paradox Formation occurring at a
vertical depth of 6,000 to 9,000 fect in the Moab area. The
"Cane Creck” Shale is both the source of the oil {generated
from the organic-rich matter) and the reservoir with ol
trapped in sets of densely fractured rock. The first oil drilling
in the Moab area occurred along the Colorado River at Cane
Creck anticline and Shafer dome during the 1920s. These wells
encountered numerous shows of oil and even experienced one
blowout that Alowed oil for two weeks, Actual production was
never established, Inthe 19505 and 19605, drilling did establish
oil production in the area,

Many of these older

felds, all drilled vertical-
Iy, arc considercd highly o
favorable areas 1o ex- RS

plore using horizonial-
drilling techniques. The
Shafer Camyon ficld, on
the northern flank of Tl
Shafer dome, was dis-

covered in 1962 and con-

sisted of two productive

wizlls, onme on each side of

the Dead Horse Point %
State Park overlook.

The field produced less
than 68,000 barrels of oal
before being abandoned
i 1967,

Long Canyon and
Bartlett Flat ficlds were
discovercd on Big Flat,
the tablcland arca ncar
Dead Horse Point State Park and Canyonlands National Park,
The Long Canyon Geld was discovered in 1962 and conlinues
Loy produce oil from the "Cane Creek” Shale from one well. This
is the only truly successful vertically drilled "Cane Creek” well,
having produced over 90,000 barrels of oil as of December 31,
1#H). The Bartlett Flat field was discovered in 1961 and
abandoned in 1965. The held is the site of Columbiaa's first
horzontally drilled well.

Columbia Gas, Chevron, Meridian, Coors Energy, Exxon,
and MoCormick Encrgy have all announced drilling plans (o
test the Cane Creck Shale in the Moab area in the near fufure.
Hovizontal drilling is very expensive {Columbiaa spent over 54
millionwell), but continued swecess will resuli in activity in this
area for years to come.

Completed and planned horizondally
drilledwell, 1 = Anches Maticnal Park,
1 = Casyonlands Natioss] Park, » =
ail well 4= dry hole, ¢ = planned well.
Oinly horzontal wells ane shoan
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EARTHQUAKE ACTIVITY

July 1 - September 30, 1991

Susan . Nava

Uriversity of Ulah Setsmograph Stations

During the three-month period July 1 through September 30, 1991, the University of Utah Seismograph
Stations located 132 carthquakes within the Utah region (see epicenter map). The total includes four earthquakes
in the magnitade 3 range, specifically labled on the epicenter map, and 60 in the magnitude 2 range. (Note:
Magnitude indicated here is either local magnitude, Mi, or coda magnitude, Mc.  All imes indicated here are
Ipcal time, which was Mountain Daylight Time.)
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SOIL AND ROCK CAUSING ENGINEERING PROBLEMS
IN UTAH

by William E. Mulvey

Geologic materials with characteristics that make them
susceplible to volumeiric changes, collapae, subsidence, or
other enginecring-geologic problems are referred to in this
study as problern soll and rock. Geologic and climatic condi-
tions in much of Utah provide a varicty of both localized and
widespread occurrences of these materials, as may be scen in
figure 1. This article 15 condensed from a map {1:500,000
scale) and report soon to be published by the UGS as part of
a series of peolopic-hazard maps of the state (see Mulvey, in
press).

Mine types of problem soil and rock are discussed: (1)
expansive soil and rock with high shrink/swell potential; {2)
collapsible soil or hydrocompactible soil; (3) gypsum and
Wsﬂcmus. qoil !'-.Uﬂl':{".rllﬁhll: [ ] z;l.jl:]l.ll'il._l-rrr [:-Ii_:l limestome SlSCEp-
tible to solution under some hvdrogeologic conditions; {5) soil
subject 1o piping (localized subsurface erosion); (6) active
dunes; (7} highly compressible peal, subject 1o decomposi-
tion; (B} underground mines which may subside and collapse;
and (9) soal containing sodinm sulfate. Some materials such
a5 expansive s0il and limestone cover large arcas of the state;
others, like dunes and peat, are of limited areal extent,

Geology and climate are the main factors which influence
the distribution of problem soil and rock. The geologic parent
material largely determines the type of problem present. For
crample, expansive soil 15 most oflen associated with shale,
and karst dissolution features form in limedtone and -
siferous formations, Weathering and erosion are controlled
by local and regional climate, A prime example of the in-
fluence of climate is collapsible soils, found predominantly in
arid regions where annual rainfall is low,

As urban development encroaches on less suitable Lerrain,
damage from problem soil and rock has increased. Detailed
geotechnical studies are needed in arcas of problem soil and
rock to ddentily and mitigate potential problems, and to avoid
costly corrective measures,

METHODS AND SCOPE

Information on problem soal and rock in Utah was com-
piled from investigations conducted by oumerous agencies
and authors, and from limited aerial photograph interpreta-
tion and ficld work.

Two types of information are shown on the map: (1) docu-
mented occurrences of problem soil and rock which commaon-
Iy canze damagee o structures, and (2) geologic units with the
potcntial to cause problems. Documented ocourrences pro-
vide the basic information wsed to identify problem geologic
units. Deposits with the potential to cause damage are more
widespread than documented occurrences, which are
clustered in wrban areas where p:rl::-'hh.'m wiil and rock are
encountered by development.  Available data concerning
problem materials consist primarily of unpublished consult-
anls’ reports, and investigations by state, local, and federal
povernments, Documented occurrences include instances of
damage o structures and roads, and soil-test results,

FROBLEM 50IL AND ROCK

The variows calegories of problem soil and rock are dis-
cussed according o the processes that created the deposats,
their distribution within Utal, their associated engineering
geologic hazards, and the mitigation techniques wsed to
reduce the hazards,

Expansive Soil and Rock

Expansive 50il and rock contain clay minerals that expand
and contract with changes in moisture content. Clays absorb
waler when wetted, causing the soil or rock to expand. Con-
versely, as the material dries, the loss of waler between clay
crystals or grains causes the deposit to shrink. The most
commaon clay mineral associated with expansive deposits in
Utah is montmorillonite (Bauman, 1964). Certain (ypes of
monimorillonile can swell 2000 fimes their original dry
vilume (Tourtelod, 1974),

Froblems associated with expansive materials are cracked
foundations, heaving and cracking of road surfaces, and
failure of wastewater disposal systems, Sidewalks and roads
arc particularly susceptible to damage. Wastewater disposal
systems using soil absorption ficlds are damaged when clay-
rich deposits go through the wet-dry cyele. When dry, cracks
develop leaving voids that allow larpe volumes of water to
infiltrate until the clay mincrals swell and close the voids. The
soil then becomes impermeable, and systems clog and fail,
often causing wastewater Lo rise to the ground surface.

Expansive soil and rock are the most common type of
problem deposit in Utah, covering approximately 10 to 15
percent of the state, Most of the expansive soil and rock was
originally deposited in scas or lakes that at onc time or
another covered much of the state. Mesozoic-age maring
shales are the source of most expansive deposits. These shales
crop out over a large arca of the state and are a particular
problem in southeastern Utah due to their wide exposure
there {figure 1). Other problem deposits include Lake Bon-
neville and other decp-lake sediments in the western basins
and volcanic tuffs in the north-central part of the state. The
extent of expansive Lake Bonneville sediments in the central
basins of western Utah is unknown,

In Utah, homes and other structures built on Mesozoic-age
marine shales (for example the Mancos, Tropic and Arapicn
Shales) have suffered extensive damage in Price, Green River,
ncar Moab, Vernal, and 5t George (figure 2). Expansive
volcanic tuff has damaged structures in Morgan, Davis, and
Summit Counties,

Mitigation measures for expansive soil and rock include
installing gutters and dowsmspouts that direct water at least 3
m [ 10t} away from foundation slabs; landscaping with vegeta-
tion that does not concentrate or draw large amounts of water
from the aoil near foundations; insulating foors or walls near
heating or cooling unils (o prevent evaporation that could
cawse bocal changes in soill mosture, strengthening founda-
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Figmare 2. Heaving in foundation at the Maoab sirport dug 0 espansive
woils developed on the Maoos Shale. Fhoto by W, Lund

tions, excavation and replacement of expansive foundation
soils with non-expansive granular fill; and the use of piles or
casaons 1o place the foundation on decper non-expansive
material or expansive material that is protected from changes
i moisture content by virtue of 1ts burnal.

Collapsible Soil

The phenomenon of hydrocompaction, which causes sub
sidence in collapse-prone soil, occurs in loose, dry, low-den-
sity deposits that decrease in volume or collapse when
sulurated for the first time following deposition {Costa and
Baker, 1981), Collapse occurs when susceptible soils are
wetted to a depth below that normally reached by raintall,
destroving the elay bonds between prans. Collapsible soil is
present in geologically voung materials such as Holocene-age
alluvial-fan and debris-Mow sediments, and in some wind-
blown silis. These deposits have a loose "honeyeomb” siruc-
ture and high dry strength, resulting from rapid deposition
and drying. When saturated, the |-|n|:.|;-.r||n1h:~|ruc|u:|_' collap-
ses and Lhe E_T:_'-unr.! surface subsides, 4_| :I.'I:I.I.‘L_'I:II\l_ [rr-.:-|||.|:|!.- and
structures. The most common cause of hydrocompaction is
human activity that involves some form of water application
such as irrigation, waler impoundment, lawn walering, alicra-
tions to natural drainage, or wastewater disposal,

Alluvial fans containing fine-grained deposits derived from
shales, mudstones, and voleanic rocks are the maost common
sites for collapsible soil in Ulah. Fans have steeper slopes at
their apices that allow rapid runofl of surface water during
[an-building depositional events, This allows deposits to dry
quickly with little reworking by streamflow, and the sediments
are commonly covered by matenal from subsequent deposi-
tiomal events belore |1ui.ng saluraled, This eeaulis in materials
wilh voads formed 'I1:.-' i {'n.lr:|||]1|.'|.| at the time of deposition.
Soils with high void ratios and low bulk densitics are subject
Lo settlement

Collapsible soil iz present around Richficld and Monroc in
cenlral Utsh, amd |:|:|r1i-::|.|:|:||r|_'g.I mear Cedar l::'llj-' and the Hur-
ricame Chlls (Iron {_'4_1|.|1'|.|:.-":| in the southwesiern rart of the
state (Ngure 31, In Cedar ity approcamately § 3 million in
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Figure 3, Damage to foundation amd shed dut 10 eollapsible soils in the

Mephi area. Phato by G.E Chnstenson

damage to public and private structures has been attributed
Ly 4_'|,L'||.i|'|'|'\.'i'|1|q,: soil (Kaliser, 1978). Other areas in Utah "«'-']ll'l_ii
[:-c':l.l.'-nli:|| l.'u||:|[|xi.|||.|.' soil problem are along any mouniion
front where young alluvial-fan deposits containing fine-
grained sediments are present. Climate also plays a role in
the location of collapsible soils. Dirier areas, such as the Basin
and Range Province and Colorado Plateau Province, provide
the best conditions for development of collapsible sodl.

If collapsible soils are suspected to be present, soil con-
solidation tests should be performed. Mitigation methods
include wetting and compacting a sile prior 10 consiruction,
excavating and backfilling with suitable materials, and
landscaping Lo direct waler away from a structure.

Gvpsiferous Soil and Fock

Gypsiferous deposits are subject to settlement caused by
the dissolution of gypsum, creating a loss of internal structure
and volume within the deposit, Gypsum is a primary com-
ponent in some rocks and the soils derived from them. Gyp-
sum can also form in two other ways - as a secondary mincral
depaosit leached from surficial layers and concentrated bower
in the soil profile, or as a material transported by wind from
outside sources. The most common sources for airborne
gypsum are playas, on which crusts of gypsum salts are formed
as the wetted playa surface dries during the warmer months
of the year. The gypsum crusts are broken into individual
crystals that are casily transported by wind.

Giypsiferous rock and soil deposits can cause damage to
foundations, and can induce land subsidence and sinkholes
similar to those seen in limestone terrain (figure 4). Water
introduced for irrigation and landscaping or into wastewater
disposal systems can cause underground solufion cavitics to
develop and ultimately cause surface collapse. Gypsum is also
a weak material with low bearing strength, which can cause
problems when loaded wath the weight of a structure. In
addition, when EVpsum wealhers it forms sulfuric acid and
sulfate, which react with certain types of cement and weaken
foundations (Bell, 1983,



SURVEY NOTES

PAGE |3

Figure 4. Simkhole in feld dee to dissolutios £ Dypsum an Aspiall R ge
Membar of the (Green River Formstion. Photo by G Christensan.

[j:fphiin.-mu.n rock and sodl lJ.:.'|'|l.:-:~iI.~\. ane coamon in the
Uinta Basin near Vernal, and in southeestern Utah, [riar-
ticularly along the base of the Hurmcane Chiffs, In south

western Utah, much of the gypaum s derived from erosion of

gvpsum-rich rock units,

:";-Ili.l [CSL5 Can l!!l.'||.'r I'IiiIJL' 1|1L |III."\-|I'I:II.'.' |:-f F:r'|1'\-|l.lil11 "’_E:r]'l'\-\.l,:ll'lil
s PECSCIL, th oaiter walls of slraciures can |1|_' n;':_l:_:l_:_'l_l '.=.'i1|:|
impermeable coatings, special types of concrete can be used
that resist damage from gypswm, runct from roofs and gutices
should be direcled away from structures, and landscaping
close 1o a structure should not include plants that require
JL'|.|:IJtiIr '-"a'il||.'ri:I111.

Limestone and Earst Terrain

Karst terrain is characterized by closed depressions
(sinkholes), caverns, and streams that abruptly disappear un-
derground (Ggure 5). Karst features are caused by ground-
and surface-water dissolution of calcarcous rocks, such as
limestone and dolomite. Fractures within the rock, frost shat-
tering, and sircam erosion also aid in the development of kars
terrain.

Karst leatures directly affect both surface and subsurface
drainage, The cavernous nature of karst terrain provides
avenues for contaminants from surface or subsurface sources,
such as wastewaler disposal systems, landfills, and buried
gasoling tanks, 1o enler the ground-water system. Con-
taminants can spread rapidly due 1o the interconnected sys-
[ l.'irl.:l ||.'|d|.|i|_!1

Cavernous sublerranean openings in karst terrain often
collapee, beaving sinkholes at the surface. Structures in the
area may be damaged by the collapse. Although no docu-
mented occurrence of damage due (o collapse has occurred
in L'tah, the potential for damage cxists i known karst arcas,

Karst 15 present in Paleoroic limestones and dolomijes
throughout northern and western Utal, with the best develop-
mient in the northeastern part of the state. Mot karst features
found in the Basin and Range of western Utah are relict
teatures that relate to moister climates during the Pleistocene,
or may have been created by ground water prior to the rock

Figure 5 Sinkhole (s the Baibab Limestose benzath allvvwam along the
Virgin River near 58, George. Photo by B.L. Eventt

|'||':i.l!|E I.'||;'!ﬂiﬂ5|’!|’l and tilted diir ing t‘ras'm u:nl:l ranre: futl][ing [F.r:l.
Dravis, Lltah {';CI.:-ll.:-z.:_il_'aJ ﬁu.'r'..'vl.':.-, verbal commun,, J.'l:n.u:lr:..'._
1990}, Under present cimatic conditions, the potential for
continned karst development in western Ulah is low, excepl
in arcas where sufficient ground water is present 1o cause
solutional weathering of imestong and dolomiie,

]Il |i||l|h|.:l':| 1..-[_1I|.\. Ml.rrili:L: a'IIH.I LLI':\IJII':! Walcr arc miars
abundant and karst features are wide :q.|::-|.'|:_1d and well
developed, especially im the Bear River Range and in the
northeastern part of the state. South of the Bear River Range,
sinkholes were found beneath a reservoir in Laketown Canyon
in Rich County and in the excavation for Porcuping dam in
Cache I::||1|.||I:.-'. Chther areas of the state 1.'l.:-|||:||i||i1|..u karst
terrain are the north and souwth Nanks of the Uinta Mountaing
and the central Wasalch Range between Alpang and Spanish
Fork Canyon (Utah County).

Avoiding arcas of limestone and dolomite terrain where
karst features have formed is the best method of preventing
ground-water contamination and collapse problems. 10
avoidance is aot possible, preconstruction planning based on
thorough gealogic and hydrologic investigations of constroc-
tion sites can prevent ground-water and foundation problems.

Spils Subject 1o Fiping

Fiping s subsurface erosion by ground water that moves
along permeable, noncohesive lavers in unconsolidated
materials and exits at a free face, Il.'g.l..l““}'.i’l.hlrt,:idm bank or clff
that infersects the laver (Cooke and Warren, 1973; Costa and
Baker, 1981). Removal of ne-grained particles (silt and clay)
by this process creates voids within the material that act as
minute channels which direct the movement of water, As
channels enlarge, water moving through the conduit increases
velocty and removes more material, forming a "pipe.” The
pipe becomes a preferred avenue for ground-water drainage
andd enlarges as more water is intercepted. The increasing size
of the pipe removes support from the walls and roof, causing
eventual collapse. Collapse features form at the surface above
the pipes, directing even more surface water into the pipes.



FAGE 76

Figure & Piping damape 10 @ road in Holoceme alluvivm along Mon-
tezuma Creek in San Juan County. Photo by GUE. Christensaon

Eventually, total collapse forms a gully thal concentrates
erosion along the line of collapse features

E’i|'_|i:|'|._5rl s commaon in oarid climates where ﬁm_'-g:'ui.l:u:d,
uncemented Holocene-age allvdum s inciscd by stream
dramages (Mgure 6). When enough water s iniroduced, water
soaks into the subsurface until it reaches layers that can
conduct the water Lo a free face,

Pi]1i.||g Can Calkse dulnugl; (143 r-:1:|.|J.~\.: '|'l|:'i.-|.1|'1:|.‘.¢., tl.1|.".'|.‘l!1..'\.. and
any struclure bvunilg ovier soils xl||'|1je_:-:_:[ (1] ||i[|in|:-:_. In arcas where
pipang is common, roads are most frequently damaged be-
cause they often parallel stream dramages and cross-cul
]'.-ii:\:x, Boad construction can contribute to the |'|i|:'r]|:'|g |'||'|.'|h-
lem by disturbing natural runoll and concentrating waler
along paved surfaces, which allows greater infiliration and
potential for pipes to develop. Earthfll structures such as
dams may also be susceptible to piping.

Dreposits susceptible to piping are found throughout Utah,
but they are particularly common in the southeastern part of
the state. Types of material susceptible to piping include
finc-grained alluvium; weakly cemented, One-graoned rock
{siltstone, mudstone, and claystone), and volcanic T and
ash. Holocene-age allovial fll in canyon bottoms in the
Colorado Plateau 15 the most common material susceptible (o
piping in Utah, Claystone in this area is the nest most likely
materaal o dl;.'.-'..:lup pi[h,::s. Crutside of the Colorado Plateaw,
line-grained marl and silt deposited by Lake Bonnewille are
susceplible o piping in the western and northern deserts of
Utah. In the Uinta Basin, paping caused by the rmgstion of
cropland adjacent to incised drainages has resulted 0 exten:
sivee damage.

Damage caused by piping can be reduced by limiting the
degree o which natural drainage in soil susceplible 1o piping
15 dhisturbed by construction. Proper drinage along roads and
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arpund structures is the most cost-effective and successful
mitigation procedure.

Sand Dunecs

Dunes are commaon surficial deposits in arid arcas where
sand derived from weathering of rock or unconsolidated
deposits is blown by the wind into mounds or ridges, Dunes
form downwind of source arcas which may contribule avariety
o different iypes of wind-hlown material.

In areas where development encroaches on dunes, inactive
or vegetated dunes may be reactivated, allowing them 1o
migrate over roads and bury structures (figure 7). Other
problems include burial of structures that were originally
constructed outside of, but near, active or migrating dunes;
and contamination of local ground water from wastewater
dizposal in dunes. The uniform size of the sand graing com-
prising duncs makes them highly permeable, The fine sand in
duncs can also clog wastewater disposal systems. Gypsiferous
dunes would be an especially poor wastewater disposal
medium because they dissolve when wetted.

In Utah, dunes are composed of three types of materials:
silica, gypsum, and oolites, Silica (quariz) makes up ap-
proximately 60 percent of Utah's dunes, gypsum constitutes
up to 30 percent of the dunes, and the remaining 10 percent
are oolitic.

i — L
Figure 7, Calitic duncs burying a struchare on Astelope bsland in the
Cireat Salt Lake. Fhato by Suzsnne Hecker,

Basin-fill deposits consisting of alluvial and lacustrine fine
sand, silt, and clay in the valleys of western Utah are the main
source for silica dunes. The dunes are typically found on the
weat side of the mountain ranges; (east side of the valley) and
are found from the southern end of Tooele and Skull Yalleys
to the Escalante Desert north of Enterprise.

Most of the gypsum found in dunes is derived from
evaporation and eveniual crystallization of gypsum minerals
during the seasonal wetting and drying of playa lake surfaces.
When these ephemeral lakes dry out, sand-size crystals of
gypsum are moved by the wind and accumulate as duncs.
Gypsum dunes are found in greatest concentration in the
Cireat Salt Lake Desert south and east of the Bonneville Salt
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Flats. They are also found along the lee side
of many playas in the basins west of Delta.
Cholitie dunes are composed of calcium
carbomate, E'I'.".I‘II:I.'.HJ“I' |:||.'-|.'1;ipil;al;|.'rl arounc a
mucleus of brine shrimp fecal pellets, Chaolites
foren in shallow water near the wave zone in
terminal lakes (for example, Grear Salt
Lake) in northern Utah, and are exposed as
lake levels Muctuate. During low Lake levels,
winds rework oolitic beach deposits into
duncs. Cholitic dunes are found only in as-
sociation with oolitic sand beaches along
Greal Salt Lake and in the Great Salt Lake
Desert where the dunes consist of reworked
carly Holocene-age beach deposits as-
socinled with high levels of Great Salt Lake.
Avoidance of dunes is the best way to
prevent damage Lo structures. However, ac-
tive dunes wsually are a maintenance prob-
leen paly and do ool preclude development.

Figure E. Sinkhole (circalar hale in shadow to the right of the pit) formed by the
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collapse of underground mine workings in Limekiln Gulch above Salt Lake City.
Poobn Iy WE, Mudsgy,

et

Peat s an wnconaahidated de |'||.mi[ al |:|,'|r|ia|.|}' dl._:l.,:ljmrmu:ql
plant remains. Peat usually accumulates in areas of shallow
groumd water and near hl.unr]i.rlg water where OXVEen |.|.-|,']1|.-|.'li|.m
limits the rate of decay. Low-lying arcas and moist climates
provide conditions conducive to peat formation. Plant parts
are still recognizable and make up 25 percent of most peat;
the remaining 75 percent is water,

Peat has a high water-holding capacity and shrinks and
oxidizes rapidly when drained. Harards affecting stroctores
built on peat include rapid oxidization and subsidence when
wiler 15 removed; compression and settlement when loaded
by structures; and in the longer term, decomposition of or-
ganic material may cause further subsidence.

D 1o o generally dry climate, peat deposits in Utah are
very localized. Peat is found in poorly drained areas along the
shores of Greal Salt Lake, Utah Lake, and in low arcas
formerly occupicd by Lake Boaneville, Inmountainous arcas,
peat commonly forms in poorly drained depressions behind
glacial moraines or in the head scarp arcas of landslides,

Peal deposits should be removed o avoided at eonstroc-
tion sites.

Mine Subsidence

Mine subsidence occurs above both active and abandosed
mines in Lltah, Urll.l-e.::rgrullr.u;] rock removal leaves voids that,
if not supported, can cause collapse of overlying material and
subsidence of the grownd surface (fgure 8). Utah has a long
history of mining and there are numcrous arcas with surface
subsidence or sinkholes, Documented mne subsidence exisis
in the Park City mining district (Summit County) and the
Tintic mining district (Juab County). In both of these arcas,
sinkholes have formed duc to collapse of undergrownd work-
ings, damaging structures in Eurcka (Tintic mining district},
and creating, in one case near Park City, a sinkhole 14 meters
(45 1) across and 427 meters {1400 (t) deep. Subsidence also
cecurs aver large active coal mines in the Book Clifts {Carboan,

Emery, and Grand Countics) and along the eastern slope of
the Wasatch Platcau {Sevier, Sanpete, and Emery Counties).
Future risk from mine subsidence is reduced by a law that
requires companies (o devise a mining method that reduces
the potential for surface subsidence, I subsidence ocors, the
mine 15 required Lo alter mining methods to prevent further
subsidence,  Lists of abandoned mines and their conditions
are avalable fromithe Utah Divisson of ﬁi],'ﬁ.ar;, and I!'-'Iinin]_;_

Development in old mining districts should avoid construc-
tion owver abandoned 'Ll.-'-;:-r]-:'ings and, if |:|-||in]:||.¢, |'||u.|l.$. aluould
hie obfained for mine layouts 20 as to avoid arcas prone to
subsidence.

Sodium Sulfate

Sail with a high concentration of water-soluble sulfates are
subject (o cxpansion and contraction like cxpansive clays,
Problems associated with sodivm sulfate in soil are similar to
those experienced in arcas of expansive soil and rock.

Soddivm sulfale s deposited upon evaporation of surface
wilers in Eﬂ:_::q:s, and i common i the Basin and Ra.l:gc
Frovince of western Utah, Other occurrences nol associated
wilh playvas appear to be introduced as airborae particalates,
In some cases the sodium sulfate s derived from a bedrock
source such as in Duchesne County where the saline facies of
the Green Bver Formation introduces sodivm sulfste oo
local surface and ground water, Sodium sulfate-rich soil is
present in the highlands north of 5, George and in dams
impounding stock ponds in the Blue Creek-Howell watershed
in Box Elder County, Most sodium sulfate in northern Utah
5 derived from fing-grained, deep-water sediments left by
Lake Bonneville,

Mitigation measures for sodium sulfate-rich soils are
similar to those listed for expansive soil.

SUMMARY AND COMCLUSIONS

Deposits of problem soil and rock are some of the mast
widespread and costly geologic hazards in Utah. They cover
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approximately 18 1o 20 percent of the state and underhe many
urbanmized areas, Local and regional geology and climate arc
the main Ffactors that influence the distribution of these
hazards,

The two most widespread problems are expansive soil and
rock derived from marine shale, and karst terrain developed
from the dissolution of limestone, dolomite, and gypsum.
Expansive soil occurs over much of southern Utah and in the
ceniral basin areas of western Utah, Limestone and dolomite
are found throughout northern and western Utah, with the
greatest concentration in the northeastern part of the state.
Gypsiferous soil and rock are common in southwestern Ulah
and in the Uinta Bagin, Sodivm sulfate-rich soil is known o
ocear throughout wesiern Wiah, Along the mountain fronts
from Proea south (o the Arizona h|,1r|,h,:r, n;,:|,1||.u]',|5il'||i: soils LY
be found in alluvial-fan sediments.

More locally occurring are the sand dunes with a variety of
compositions found in isolated patches throughout the
western deserts, Hazards associated with piping-susceptible
soils are found primarily in incised Holocenc-age alluvium in
canyons of castern Utah, Peat deposits are found around the
shores of Great Salt Lake and Utah Lake, and in sountain
dranages dammed by glacial moraines and landslides. Sub-
sidence due 1o collapse of underground mine workings has
eccurred in Pack City and Eurcka, and above active mines in
the Book Cliffs and on the eastern A||;:-'|'||;. ol the Wasatch
Plateau.

The majority of damage to structures from problem soil
and rock results from human activitics, usually through addi-
tion of water or by excavation, bath of which aggravate poten-
tally unstable conditions, Many urbanized areas in the state
are susceplible to damage from these hazards, As develop-
ment encroaches on less suitable terrain, damage from prob-
lem soil and rock has increased, as has the need for awareness
of these harards,

Most of the hazards created by these problem soil and rock
deposits can be mitigated or avoided if they are understood
and their arcal extent is known, Recognizing that problem soil
and rock cover parts of the state and taking precautions to
mitigate the polential hazards can reduce the need for costly
corrective measures after damage to structures and roads has
necurred,
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The Lvtest information on

CANE CREEK,
UTAH’S HOTTEST
OIL PLAY

UGS introduces three newly released publications
related to recent major oil discoveries in the "Cane
Creck” horizontal drilling play of southeastern Utah,

"CANE CREEK" EXPLORATION PLAY AREA
{(Dpen File Report 232) 9 plates, 15 pages
& Eight 1:500,000 maps and two cross sections;
® includes siructure, sopach, fracture, and show maps
# Reporl evaluates oil and gas potential of the Cane
Creck and other shales of the Paradox Formation
PRICE: $30.00

GEDLOGIC CONSIDERATIONS FOR OIL
AND GAS DRILLING ON STATE POTASH
LEASES AT CANE CREEK ANTICLINE

(Circular 84) 24 pages

¢ CGieology and historical drilling near Cane Creck

# Impact of recent horizontal drilling on potash mines
# State potash leases, covering thousands of acres,
scheduled to be available for oil and gas leasing
FRICE: §4.00

INTERIM GEOLOGIC MAP OF GOLD BAR
CANYON QUADRANGLE, GRAND COUNTY,
UTAH

(Dpen File Report 230) 3 plates, 73 pages
& 1:24,000 interim geologic map and cross section
covering much of the Cane Creek anticline
# Structural contour map of the top of "salt 57 in the
Moab salt mine
& Well information which includes Long Canyon ficld
& T3 page report on geology of the area

FRICE: 3250



SR VET WOTES

FPAGE 1%

EARTHQUAKE IN SOUTHERN SALT LAKE VALLEY

by Gary E, Christenson and Susan 5, Olig

At 742 am. on Monday, March 16, 1992, Salt Lake and
narthern Utah Valleys were shaken by a magnitude 4.2
carthquake. It was reported felt from Kaysville in Davis
County to Orem in northern Utak Valley, and from Brighton
in the Wasatch Range (o Tooele, west of the Oguirrh Moun-
tains {Susan J. Mava and Jim Tingey, verbal communication,
March 31, 1992). Shaking was strongest in the southern Salt
Lake Valley (Bluffdale, Riverton, Diraper, Sandy), where
news reports indicated some foundation and building cracks,
sidewalk and patio cracks, and at least one report of falling
bricks dislodged from a chimney, Most sther reports were of
rattling dishes, swaving of hanging objecis, and rocking mo-
tions, Shaking was of very shont duration, and in many cases
was a single jolt.

The epicenter was lecated inthe Traverse Mountains near
Camp Williams. Early reponts from the U5, Geological
Survey's worldwide seismic network indicated a magnitude of
4.5, but later reports from the University of Utah Scismograph
Stations” (UUSS) local network downgraded the mapnitude
to 4.2, They calculated a focal depth of 12.3 km (7.7 mi). Jim
Pechmann and Gerard Schuster at the University of Utah had
deploved 10 accelerometers in the Salt Lake Valley last fall
under a 2-vear grant from the Mational Science Foundation to
lpok at low-strain (weak) carthquake pround motion in the
valley. Records from these instruments are being retrieved
and analyzed, and will hopefully vield information regarding
ground motions in the valley, The level of ground shaking was
too small to trigger any of the U5, Geological Survey sirong-
mation instruments in the valley (Ground-shaking aspects are
discussed fully in Susan Olig's article, Sumey Notes 24/3).

There are no mapped Quaternary faults in the epicentral
arei. Because of the relatively great focal depth, it is possible
that the earthquake was on the west-dipping Wasatch Tault
(assuming a fault dip of 29 1o 35 degrees). 10 so, it 1s near the
boundary between the Salt Lake and Provo segments of the
fault (see articles by Christenson and Hecker in Survey Nodes
24/ 1 for explanations of the segments), A preliminary focal

Lawation of the carthgquake, $07 27800 MN_ 1127 250" W,
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mechanizm determined by the UUSS indicates normal slip on
cither a northwest-striking plane dipping 38 degrees west or
a north-northwest-striking plane dipping 56 degrees east (1.C,
Pechmann, verbal communication, 1992), The west-dipping
planeg is consisieni with the geometry of the Wasatch fault zone
segment boundary at this bocation,

The carthquake was geserally too small (o expect any
significant geologic effects other than local rock falls and
stream-bank caving. Utah Geological Survey (UGS) teams
were dispatched to the epicentral area within hours of the
carthquake to scarch for possible geologic cffects. The
Traverse Mountaing were combed for rock falls, landslides,
and ground cracks, while the Jordan River and other areas of
shallow ground water were scarched for evidence of liquefac-
tion. Mothing was found, as might be expected, but a later
investigation by Kimm M. Harty (UGS) of a reservoir on the
Jordan River near 9400 South (200 km or 124 mi north of
the epicenter) that was drained the morning of the earthguake
turned up possible evidence of hgquelrction in freshly exposed
reservolr sediments, Many small holes, some surrounded Ty
cones of sediment (sce photo), were found inthe organic, silty,
bodtom sediment (avg. diam. 1 cm). Possible origins of these
features include carthquake-induced liquefaction, expulsion
n[tta.pped gases, and de-watering of sediment following rapid
draining of the reservoir. The investigation concluded that a
combination of these processes, including liguefaction,
probably formed the features.

Although this was not a large or damaging carthquake, it
should vield some valuable pround-shaking information, It
also served as an opportunity for many private companies and
povernment agencics to test their emergency response and
notification plans, which will now be revised and improved as
necessary.,  Finally, it has served as a gendle reminder to
everyone Lhat we live in carthquake country, that carthquakes
occur without warning, and that we must be prepared for the
incvitable, large, damaging carthquake that will one day hit
the Wasatch Front,

Halis in sediment of drained meaeraonr, Photi Kianm M, Hamy,
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STAFF

NEWS

Jon King, recently of the Wyoming Geological Survey, has
ll,.'\'_Lrlll\_I'J the |:u1x|.1 i of Mg EI_.-IJLIJ_EHI,

Mike Lowe was voled in as vice president for the Utah
Section of the Associalion of I".rl_gml..u,.:nng_ {_.Lulugpsl,s {AEG),
while Barry Solormon has become the new president. Both are
in the Applicd Section at LGS,

Digr Burke is the new secretary for the Applied and Map-
ping Sections and replaces Debbie Overmoe who has gone
back 1o school for a leaching certificate. He was formerly with
the San Francisco City/County Architecture Department.

David Tabet has accepted the position of coal geologst in
the Ecomomic Section, coming Lo us from a background of New
Mexico Burcau of Mines and Mineral Resources, the ARCO
Coal Company, and most recently Pentastar Support Services,

CENTERVILLE CITY COMMENDS LOWE

Cin Janwary 21, 1992, Centeralle City presented a Resolu-
lion of Appreciation to the Davis County Commission and
Dravis County Public Works Department for help in appealing
FEMA-designated Mood-hazard arcas in the city. The appeal
significantly reduced the arcas ideotified by FEMA, and con-
sequently reduced costs to homeowners, to Centerville City,
and 1o Diavis County for flood insurance and Aood-hazard
miligation measures. Mike Lowe, former Davis County
Geologist (presently in the Applied Geology Program at the
LIGS) was named in the resolution, along with Sidoey W.
Smith, Dvrector, and Scott B Willams, Asistant Director, of
the Davis County Public Works [J.,;|1:|.r1r.|1.-|.'nl,. All were also
recognized for the helpin preparing the "Debris-Flow Hazard
Mitigation Plan for Centerville Ciny” published by the Uah
Division of Comprehensive Emergency Management, In the
E:-Jlulu-;.{_:uphl, from lefi, are David A, Hales {Centerville {_"it}'
Manager), Williams, Smith, and Lowe,

William Mulvey of the UGS will be performing further
work for Centerville City this spring at Lone Pine Canyon, an
argad ool included in the FEMA study. The study will assess
debris-flow hazards at the camyon mouth and will be used by
the cily o evaluate the need for bazard-reduction measurcs,

Mike Lowe recening comaendation froen David A, Hales,

ATWOOD HONORED
WITH JOHN WESLEY POWELL AWARD

Each vear the U5, Geological Survey (USGS) presents the
John Wesley Powell award 1o persons or groups outside the
Federal Government for voluntary actions that result in sig-
nificant gains or improvements in the efforts of the USGS to
provide "earth science in the public service”

Genevieve Atwood, former Director of the Utah Geologi-
cal Survey, received the 1990 Powell award. In a letter from
Drallas Peck, Director of the USGS, she was cited for several
significant accomplishments, Genevieve played a pivotal role
“in the formation of the Utah Seismic Safety Advisory Council
(and thi) successful completion {of its 4 vears work, ) which led
to the adoplion of improved scismic safety policics in Utah.”

Her "advice and counsel as a participant in (the USGS)
wirkshops and as a member of (the USGS) Earthquake Ad-
'|.'i.~\.m:.' Panel were of great benefit to the MNational Ear[lu‘irJuE:
Hazards Reduction Program,”

Her "management ability and scientific leadership” were
vital in guiding the Syear cooperative Mational Earthguake
Hazards R-tdu:‘:t'lﬁn P:r{:gﬁ:rn im Ula]‘i, ".lr]'n_wl; umhili.-uus E_ual
Wik, 'Mﬁﬂing =l htluﬂkl.: hazards ul:_mg_ﬂ:n; Wasatch Fronl
and translating the results for use by plannecrs, cmergency
managers, and engineers.” Utah’s exceptionally successful
program "has become a model for all to emulate.” It included
multiple trenches across the Wasatch fault to determine
carthguake recurrence intervals, a County Hazard Geologist
program, efforts to improve instrumentation along the
Wasatch Front, efforts to get legislation passed to address
Utah’s scismic risk, and sponsoring annual carthquake
workshops and awards.

Her "vigion and influence” helped achieve a "close col-
laboration” between the Utah Geological Survey, the Ulah
Division of Comprehensive Emergency Management, the
University of Litah Seismograph Stations, Utah State Univer-
sity, and the USGS Office of Earthquakes, Volcanoes, and
Engincering, fostering efficient and coordinated actions on
many fronts.

Her overall efforts to “deepen understanding of the scen-
tific and social aspects of natural disaster reduction”™ have put
Utah "in an excellent position 0o be a leader during the 1990
in the International Decade for Natural Digasier Redwction,”

[ Wenzhi Zhao is the newest Fisiting .!n:n:'.'m.':r Lo 1I:u: L-'t:lhl
[ Geological Survey. He comes from China and will be here |
| until the end of August working on oil and gas projects in the |
Uinta Basin. Previous Visiting Scientists John Hubert and |
CGruimed Ad (from U, of Massachusetts and the China Nation- |
al Petrolewm Corporation, respectively) proved the El:TIEaE‘].'l
| of the program.
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New Publications of the Utah Geological Survey

The March 1992 Publications List is free on request, |

Rockhound guide to mineral and fossil localities in Utah,
comp. by C.H. Stowe, 79 p., 1979, Circular 63 Reprint, $6.00

Ol aecd gers deifling in Uivah, 1959, by T.C. Chidsey, Jr_, and
M.D. Laine, 31 p., 1991, Circular 83 $5.00

Crecdogical considerations for ol and gas dnlling on State
potash leares at Cane Creek anticline, Grand and San Juan
Couerities, Utah, by C.D, Morgan, WA, Yonkee, and B.T.
Tripp, 24 p., 1991, Circular 54 54,001

Ceologic excursions in volcanology: eastern Snake River
FPlain {(ldehe) and southwestern Utah, Gealogical Socialy of
America guidebook - Fart T, edited by KD, Gurgel, 1983,
55 p. (reprint), Special Study 61 %6200

Crglfenary peodogy of the Scipio Valley area, Millard and
Juak Counties, Utah, by C.G. Owiatt, 16 p, 1 pl., 1:62,500,
1992, Special Study 79 6,000

Provisional peologic map of the Levan guadrangle, Juab
Conty, Dtah, by WL, Auby, 13 po, 2 pl., 1:24,000, 19991, Map
135 £5.00

Creadogle map of the Lampo Junclion quadrangle, Box
Elder Counry, Utal, by DM, Miller, M. D, Crittenden Jr.,
and T.E. Jordan, 17 p, 2 pl., 124,000, 1991, Map 136 35.00

Provisional geologic map of the Nephi quadrangle, Juah
County, Utah, by B.F. Bick, 21 p., 2 pl,, 1:24,000, 1991, Map
137 £5.00

Creedegic map of te Redmond Canyon quadrangle, Sar-
pete and Sevier Counties, Utali; by GUC. Willis, 17 p., 2 pl,
124,000, 1991, Map 138 £5.00

Creedogne fonry of northem Litah, by 5 K. Morgan, 98 p.,
February 19492, Miscellancous Publication 92-1 &6.00

New *ar ™ ar ages of intrusive rocks from the Henry and
La Sal Mouniains, Utal, by 5T, Nelson, M. T, Heizler, and
J.F. Da'.'idmn, 24 P Aprjl l";"';r.'-'_‘, Mi.\-l.:l;uam.:ul.l.'s Fulﬂil;.ulil.m
-2 3450

Field guide to geologic excursions in Utal and adiacent
areas of Wevada, Tdahvo, and Wyoming, cdited by 1R, Wilson,
431 p., 1992 Miscellancous Publication 92-3 S2500

Mineral and energy resowrces in Kane County, Utah and
their oceurrence with respect to Wildemess Study Areas, by
R.E. Blackeu, CJ. Brandt, T.C. Chidsey, Ir., and CE.
Bishop, 42 p., April 1992, Report of Investigation 221 |
$3.50 |

Earthgquake responie siralegies for UGS and the earth- :
soience cormrnity, by (G, Atwood, M. Noonan, W.F, Case, |
and D. Mabey (updated to December 1991 by G.E. Chris-
tenson), 31 p., Open-File Report 115 5275

Interim peologic map of the Oak City South guadravigle,
Lhah and Millard Cownties, Utak, by LF. Hinize, 1 pl,
1:24,00K), November 1991, Open-File Report 217 52.00

note: maps listed as intering &re a) in review and production and will
b released a Gnished color maps al a later date, or ) an: maps that will
Aol progress past this poing bt whick sre nod finlsked enosgh lor the
Formsal map senes

Frserim geologic map of the Scipio South guadrangte,
Millard County, Utah, by LF. Hintze, 1 pl., 1:24,000, Novem-

ber 1991, Open-File Report 218 200

Tnterivm pealogic map of the Scipio Narth quadrangle, Mil-
dlard County, Utah, by LF, Hinfze, 1 pl., 1;24,000, Movember
19491, Open-File Report 219 52

Tntenim geologic map of the Fool Creek Peak quadrangle,
Juwah arnd Millard Counties, Utah, by LF. Hintze, 1 pl,
124,000, Movember 1991, Open-File Report 220 3000

Interim geologic map of the Oak City North quadrangle,
Urah and Millard Counsies, Utah, by LF. Hintze, 1 pl,
1:24, 000, November 1994, Open-File Report 221 $2.100

Tnterim geologic map of the Scipio Pais quadrangle, Mil-
lard Couenaty, Utah, by LF. Hintze, 1 pl., 1:24 000, Movember
1991, Open-File Repaornt 222 5200

Interim gealogic map of the Williams Peak quadrangle,
Jeah and Millard Counties, Utah, by L.F. Hintze, 1 pl,
1:24,000, Movember 1991, Open-File Report 223 3200 |

fnterim gealogic map of the Dugging Creek quadrangle, | |
Millard County, Utah, by L.F, Hintze, 1 pl., 1:24,000, Novem- |
ber 1991, Open-File Report 224 5200

fnierim of the Holden quadrangle, Millard
Cownty, Ural, by L.F, Hintze, 1 pl, 1:24,000, November
1991, Open-File Report 225 200

Interim gecdogic map of the Milis quadrangle, Jual Counly,
Lleah, by LF, Hinize, 1 pl,, 1;24,000, November 1991, Open-
File Beport 226 $2.00

Interim geologic map of the Caffee Peak quadrangle, Mil- |

| tard County, Utah, by L.F. Hintze, 1 pl., 1:24,000, November |

1991, Open-File Report 227 R2.00

Interim geclogic map of the Scipio Lake quadrangle, M’n’-
bard Connty, Ubah, by LF, Hintze, 1 pl,, 124,000, Movember
1991, Open-File Repu-n 228 200

Fnterim geodogic map of the Logan quadrangle, Cache
Cownty, Urak, by LF, Evans, LP, McCalpin, and D,C, Hol-
mes, 59 p, 2 pl, L2400, December 1991, Open-File
Report 229 56,70

Interim peologic map of the Gold Bar Canyon quadrangle,
Crand County, Utah, by HH. Doclling, W.A. Yonkee, and
J.5. Hand, 73 p., 3 pl., 1:24,000, December 1991, Open-File
Report 230 58.50

"Cane Creek” explovation play area, Emery, Grand, and
San Juan Cowunties, Utah, by C.D. Morgan, 15 p., 10 pl,
1500000, March 1992, Open-File Report 232
$20,00
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fntenm pealogc map of the Haves Canyon Quadrangle,
Sanpete County, Utah, by David Peterson, 57 p., 3 pl,,
1:24, 0000, March 1992, Open-File Report 233 33.00

Interim geologic map of the Lucin NW Quadrangle, Box
Elder County, Utah, by D.M. Miller and C.G. Onvatt, 44 p,,
2 pl., 1:24,000, April 1992, Open-File Report 234
$6.20

Interim geologlc map of the Keg Pass Duadrangle, Tuab

County, Uiah, by MLA, Shubat and G.E, Christenson, 106 p.,

2 pl., 1:24,000, April 1992, Open-File Report 2335 £10.50
|

| Landsiide map of the Salt Lake City 307 x 6 quadrangle,

by K.M. Harty, 17 p., 1 pl., 1:100,000, May 1992, Open-File
Report 236 £3.50

Seizmodogical analysis of four recent moderaie (ML48 o
5.4) earthguakes in Utah, by 1.C. Pechmann, 5.J. Nava, and
Wl Arabasz, 107 p., January 1992, Contract Report 92-1
$4.50

CGOTHIC - pas, off, and thermal history integrated code -
sencrcescode, user puide, and sample inpur and outpat fie, by
Dave Deming and D05, Chapman, 30 p., 1 disk, 360k byte,
January 1992, Contract Report 92-2 S4.00

Geology of the Grassy Trail Creek field, Carbon and Enery
Ciognties, Urah, by 5.J. Lutz and M.L. Allison, 36 p.,
February 1992, Contract Report 92-3 §2.75

The orgin of gilionite veln deposits in the Ulnia Basin,
Utah, by B. Monson and J. Parnell, 27 p., March 1992,
Contract Report 92-4 3235

Uncovering Sevier overtlirust stmicture and podenfial
hydrocarbon source rock psing magnelfoleliurcs, by P, E.
i‘l.'-’ann.am.uk:r and J.M. Johnston, 12 p., Aprl 1992, Con-
| tract Report 92-5 520

Eneroy and mineral resowerces of Drah, edited by ML,
Allison, (19940 Deld trip), 1991, 222 p, , Utah Geol, Assoc.
Guidebook 18 $12.00

Greology of east-contral Ulah, edited by T.C, Chidsey, Ir.,
(1591 feld trip), 1991, 53594 p,, Utah Geol. Assoc, Guidehook
19 2500

Hydrocarbon ard mineral resowrces of the Ulnta Basin,
Lliahy and Colorgda, edited h':r'T.D. Fouch, V. F. Muccio, and
T.C. Chidsey, Ir., (1992 ficld trip), 1992, 366 p_, Utah Geol.
Assor. Guidebook 20 530000 (hardbound)

Mad or Fax Order To!
SALES
Utah Geological Survey
2463 5, Foathill Driva SHIP TO
Salt Lake I:‘.h:,'. UT 84109-1451 M
Tedaphone: (B01) 487.7970
Fan: (B01) 467-4070 Adress
Cigy Stals. Zp
CUANTITY ITEM DESCRIFTION lbwm Cosl TOTALS
Purnchaza
0 wastarcard 0 visa O - Subtotal
|
|
[] check | witnh residents add & 25%
Sl
s O &
¥
51 Tiand acplees TOTAL
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BITS AND PIECES

MEETINGS

August 17-19 5SEPM 1992 Theme Meeting: Mesozoic of the
Western Imterior, in Fort Collins, OO0, Contact Frank G.
Ethridge, Dept. of Earth Resources, Colorado State Undv.,
Fort Collins, OO 80523,

September 11-13 Asgociation for Women (Geoscicntists
meeting, in Denver, CO. Contact Leslic Landefeld, Barranca
Resources (303) 278-1292

September 22-25 International Symposium on Radon and
Radon Reduction Techoology, in Minneapolis, MN. Contact
Radon Symposium o Conlerence of Radiation Control, 205
Capital Avenve, Frankfurl, KY 40601, (502) 227-4543,

September 27- Oct 1 Amencan Institute of Professional
Gieologists Annual Mecting, in Lake Tahoe, NV, Contact Jon
Price, AIPG, PO, Box 665, Carson City, NV 89702, (702)
Thd-nhil,

Seplember 30 Oct 2 National Ground Waler Association
Annual Meeting, in Las Vegas, NV, Contact NGWA, 6375
Riverside Dirive, Dublin, OH 43017; (614) 761-1711,

October 2-9 Association of Engineering Geologisis An-
nual Meeting, in Long Beach, CaA, Deadling for submittals is
May 1 io Mariin L, Sfoui, AEG Program Chair, Depl, of
Geological Scicnce, California State Univ,, Los Angeles, CA
WNI3Z-3203. For the mecting, contact John Byer, Kovacs-Byer
Inc., 11430 Yentura Blvd., Studio City, CA 91604, (513) 950-
(25,

October 5-7 Conference on Risk Asscssment/Manage-
menl Issues in the Environmental Planning of Mincs. at 5t.
Louis, Missouri. Contact SME Meetings at {303) 973-9550.

October 8-10 Utah Geological Association annual field
rip, "Engincering and Environmental Geology of South-
western Utah” in 5t. George, UT. Contact Robert C. Rascly,
LS. Dept. of Agriculiure, Soil Conservation Service, P00 Box
11350, Salt Lake City, UT 84092, (801) 524-5026,

October 17-22 Amcrican Instifute of Hydrology Con-
ference “Interdisciplinary approaches to hydrology and
hydrogeology” in Postland, OR. Coatact ATH, 3416 University
Ave. SE, Minncapolis, MM 353414-3328; (612) 3791030,

October 22-29 Geological Socicty of America annual mect-
ing in Cincinnati, OH. Absiracts deadline is July 8 to
Abstracts Coordinator, GSA, 3300 Penrose Place, P.O. Box
2140, Boulder, OO0 80301, Contact G5A Meetings Depart-
ment, PO, Box 9144, Boulder, CO. {303) 447-2020.

( ERRATUM

! The last ssue of Survey Notes p. 14, columa 2, penul-
[ timate ling should read ", ostracodes and branchiopods,..”
I rather than brachiopods. Apologics to Dr. Stokes and all
i crustaceans are in order.

i

[ The Harris mine in the Wah Wah Mountains of Utah is |

| the only place in the world where red beryl is found - they

| arencarly always green, pink, blue, or vellow (emerabds and

| aguamaring are members of the beryl family), The reds are
haot red and rarer than rubies,

RECENT PUBLICATIONS OF INTEREST
{0t avadlable from LIGS Sales)

Earthquakes in Utah 16884-1989, by 5 K. Goter, 1991, U 5.
Geological Survey Open-File Report 91-0128, scale
1:500,000.

Rates of soil development from four soil chronosequences
in the southern Great Basin, by W, Harden and others, 1991,
Quaternary Research, v, 35, p. 383-399,

Hydrology of Heber and Round Yalleys, Wasatch County,
Utah with emphasis on simulation of ground-water Qow i
Heber Valley, by DM, Roark and others, 1991, Utah Depart-
menk of Natural Resources Technical Publication 100, 93 p,

Is there enough water for both Farms and aGties along the
Wasatch Front, Ulah Science 1991, published by Utah State
Univ. Agricultural Experiment Station.

The Academy of Natural Sciences has just published a
seventy-five page reference for carth science educaiors called
Resource Guide to Earth Sciences. 11 explores a range of carth
science bopics and includes numerous activities, illusirations
and resource suggesiions, The first printing is available frec
to educatons in the earth sciences by writing to the Academy
on school letterbead, Send request to: Scott Stepanski,
Eduvcation Department, Academy of Matural Sciences, 1900
Ben Franklin Parkway, Philadelphia PA 19103-1195.

USISALT LAKE COUNTY QUAKE VIDE(D
WINS AWARD

The Utah Chapter of the American Planning Association
gave an Award of Merit for Information Techaology to three
Ultah State University (USU) faculty and two Salt Lake Coun-
iy professionals for their videotape "Earthquake Awarcncss
and Hazard Mitigation,” USU particpants were sociologist
Gary Madsen, civil/environmental engineer Loren Anderson,
and producer Steve Soulier from the Instructional Technalogy
Department. Salt Lake County geologast Craig Nelson and
Jerold Barnes, Director of the Salt Lake County Planning
Division, were the other participants in preparing the video,

The 23-minule video presents much gencral information
on earthquake hazards as well as specific information on
hazards in Salt Lake County. Created as a joint project of
USU and the Salt Lake County Planning Division with grant
Tunds from the ULS. Geaological Survey's National Earthquake
Hazard Reduction Program, the video's production costs ran
approxmately $6,000 (typical video programs run about
51,000 per minutz). It represents the Orst local government
carthquake education video in the United States. It is alsothe
first collaborative effort Lo inlegrate information about plan-
ning, geological, engineering, and sociological azpects of
Wasalch Fronl carthgquake hazards, This innovative use of
informalion lechnology has succeeded in translating complex
technical information info an casy-to-understand format o
educate and inform Utah citizens about carthquake hazards
and risk in their owm backyards.

The video explains why carthquakes occur and where they
oceur in the western Unifed States. The program also discus-
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ses pobential carthquake hazards and the types of damage that
are likely to occur. 1t provides suggestions on reducingrisks,
including building to code standards, strengthening existing
structures, planning and zoning to control building in high-
hazard zones, and preparing individually for carihquakes.

By helping people undersiand earthquake hazards, this
program helps bridge the gap between "what will happen” and
"what I can do about it." A better understanding by the public
of the potential impacts posed by carthquake hazards means
better acceptance and support of natural-hazard ordinances
and promotion of responsible land-use policies as well as
promoting personal preparcdness.

The Salt Lake County Flanning Division ({801) $68-3061)
kecps 10 copics of the video available for free checkout by the
public. Ower 2,500 viewers in the past vear including local
povernment officials, members of community councils, in-
dividuals from school classes at all education levels, church
groups, and neighborbood organizations have had an over-
whelmingly positive response to the video, Interest in
carthquakes and support for public policy steps such as build-
ing code and zoning improvements was found to be surpris-
ingly high in a survey of Sali Lake Countly residents and
community leaders conducted as part of the project, Because
Utah has earthgquake hazards over much of the state, nod just
in Salt Lake County, Drs, Madsen and Anderson obtained
funds to produce a more generic version of the video, useful
in communities throughout Utah, This video is available from
the Utah Geological Survey as Public Information Series 10,
Earthquake Awareness and Risk Reduction in Utah, Tts cost
iz 36,00 plus 52,50 for shipping (Utah residents must add 6,25
% sales tax).

[Hrectar's Corser, oo binwed

The money was appropriated to the UGS to begin the
program. We are committed to working with other agencies
with seismic instrumentation in Utah such as the University of
Utah Scismograph Stations, the ULS, Geological Survey, and
the LS. Bureaw of Reclamation to establish a state strong-
motion consortinm. There 5 a good chance that the state's
financial commitment can be leveraged with matching funds
from federal and privale sources,

Unifisrm Building Code

Usually, the UGS 15 nol a very controversial agency. We
dan't have any regulatory powers but rather provide unbiased
technical and scientific information for a variety of users. So
we were more than o ligile surprised st the confroversy
generated by a proposal bazed oo our work 1o amend the UBC
o upgrade much of the Wasatch Front from seiamic zone 3 (o
scismic zone 4, After Iive years of infensive study as part of
the 1.5, Geological Survey's National Earthquake Hazard
Reduction Program, much new information is now available
on carthquake ground shaking, The zonation proposal
resulted from a UGS evaluation of the building-code implica-
tions of this new data. For more than a year UGS staff
presented and explained our conclusions to building officials,
professional groups, and the pablic, The UBC Commission,
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TEACHER'S CORNER
by Sandra Eldredge

There are several workshops and field trips available this
summer for teachers,

The Mining Education Projeci, The National Encrgy
Foundation and the Utah Mining Association offer teacher
workshops throwgh this project. The conferences and
workshops combine field experiences and classroom ac-
tivities, For information on the 3-day summer conference in
Salt Lake City, the 2-day summer conference in Price, or the
10-hour fall workshops in Delta and along the Wasatch Front,
contact Dari Scott at 2T8-9117 or Bob Poulson at 539-1406.

Volcanoes, deserts, and more - 5t George/Cedar City
(sponsored by the Utah Geological Assocation), On Og-
tober 24 and 25 come explore ancient volcanoes and deserts,
and see present landiorms in the 56, George, Snow Canyon
State Park, Cedar City, and Cedar Breaks areas, Credit (1.0)
will be offered 1o teachers through the Utah Muscum of
Matural History, HE-E:P these dates marked on vour calendar
for an exciting event, including a catered dutch oven dinner
in Snow Canyon! Details will be advertised later, or call
Sandy Eldr at the Utah Geological Survey $67-T970, or
Deedee O°Brien at the Utah Muscum of Natural History
581-6928 for more information.

after receiving input at a well-attended public hearing, en-
dorsed the change but decided to let the final decision go to
the national body of the International Conference of Building
Officials (ICBO) which publishes the UBC and has more
experience in these izsues, Then, in the last weeks before the
national meeting, opponcats gencrated widespread apprehen-
sion about the proposal, The Utah Chapter of the ICBO
abandoned its neutral stance to come out against the proposed
change just before the decsion was o be made, As a result of
the controversy and the mised signals coming out of Utah, the
national ICBOD voled againsi the proposal,

Mone of this changes scientific reality, however, Our infer-
pretations and conclusions stand. The Wasatch Front exceeds
the minimum criteria for seismic zone 4 and the UGS has
fulfilled its duty to inform the appropriate authornties of the
potential for greater ground shaking along the Wasatch Front,
These responsible for amending the UBC apparently decided
that other, son-geologic concerns of implementing seismic
zong 4 are more important than dealing with the effects of
greater ground shaking,

The western Traverse Mountains earthquake is a gentle
reminder of the scismic danger that hangs over all of ws, 1
beligve an important opporiunity to strengthen at least our new
buildings has been missed, and 1 fear that future gencrations
will end up paying for this decsions
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CAMERON COVE SUBDIVISION DEBRIS FLOW

by W.E. Mulvey and Mike Lowe

On September 7, 1991, approximately 8 pam., a debris fow
damaged several hovses in the Cameron Cove Subdivision in
Morth Ogden, Utah. The debsis Row originated in an un-
named canyon in the Wasatch Range northeast of the sub-
division and was trigeered by unusually heavy rainfall in the
Morth Ogden arca. Owver a 24-hour period, rainfall in the arca
ranged from 2.5 1o 8.4 inches, setting a new state record for a
24-hour period {Brenda Graham, Mational Weather Service,
oral commun., September 11, 1991).

Brogd Igwecs: vicw Lo SW

Runodl from the storm concentrsled in channels on the
Lower Cambrian Tintie Quartate chifis st the bead of the
IJI.IJI..IIII-\_-.! L |||1:|-l.\|'| JJLIHI:IE IJI.'il'a"i r.|1|:|'- |!|l.h."i|. I'lull'llll.h.]"a l!lﬁLlI
Fore waterfalls, L.I"\-l\_.I.IJII:Ii.' "\.L'rn_:ldl. hundsed feet o talus :q.|-.:-|'||_~\.
bielow (Bruce Dursicler, BMavor, Morth IZ.:I|_r.|.|a_||, oral commun.
september 9, 19913, The concentration of heavy runcdT ap
parently mobalized talus and other debns alomge seasonal
tributary channels at the base of the cliffs, The tributary Mows
maved down the canyon, combined wath the Mow in the main
channel, and scoured additional material from the channel for
the debris flow.  The flow exited the canyon mouth and
traveled down an allvial fan for a distance of 1300 feet belore
reaching the subdivision., One house was destroyed, eight

I!h'n.r'-u.u af debris-flow depasic and dumupul houses.
Uhnden Dhvide highmweny visiblo in kwor cember,

ofhers had considerable damage, and 7 had minor damage
due 1o the debnis |'|.-|_'|l.l|.'I while Mood waters r]:mLﬂgl_"lJ. an addi-
teanal G4 homes.

The debris in the fow was mostly coarse clastic material
wilh boulders up to 7 feet in diameter, The matrix material
was a sandy silt, with very few organics, Silts concentrated
around the homes, which apparenily slowed the flow and
ponded debris.

The estimated volume of material deposited by the ow is
26,000 cubic vards, Examination of the main and tribatary
channels showed that the debris flow incorporated matenal in
channels from the base of the cliffs to the mouth of the canyon,
Scour in the main channel averaged 5 to 6 feet desp, but in
places was as much as 17 fect. Much debris remains in the
channgl, primarily behind larope boulders which act as natural
dams.

Although a wildfire @,
damaged vegetation on
glopes 1n the dramage |
hasin below the cliffs in |
Aupust 1990, debris and
sediment contribution
trom the burned slopes
wiis minor, due to rapid
rl.'.\-l.'.g{!l.ill:illﬂ. {in
:-.|-:'.|'|..::.' below the chffs,
slope-wash erosion lo-
cally removed 1 to 2 -
chies of spil.  Grasses
were absent in these
areaq, and cobhles were
left standing on pedes-
tals of soal surrounded
by semall rills,

Heavy rainfall, steep
topography (specifical-
Iy the chilfs at the
Canyon's head), and an  Boulders and seoured bedrock in the channcl
abundance of available wilh sparce area visible in background
channel debris com-
baned 1o cause the 199 Cameron Cove Subdivision debris
o, AL preseni, siresam channels in the unnamed canyon still
L:nnl;ain -|_:||.'.||l"|'\. rlml could he mobilized and il:'ll.!l.'ll'[!u'll!'u1-;.'d inko
anodhier dibriz Mow, Thus the hazard from debeis flows con-
(AN,

Levees from prehistoric debris flows on the alluaal fan at
the mowth of the canyon indicate that the recent large debris
Movr was mol a gl.:l,lll_lgi.-l;al|_1_,- unisyal event for this canyon, bt
instead 14 |'|;.1|:| ol an I::IIEIEIIiﬂH "..1||I.I'.-'iu.|-fu|!|-h|Ji|di.l!|!.'. L CRS.
Dizhris Mows '.l.'i'll'li.kl;l_',.'n::run::l.:r :ig.:lill oat this fan, Howses remain
al risk and a bong term, permanent solution to the proflem is
necded. State and bocal officals are looking af various alicr-
natives (o protect the subdivision from future debris flows,
Dgbris-flow hazard maps prepared under the UGS-spon-
sored County Geologist Program are aow available for North
t]|:_'|.|.-:_:1|. and much of the Wasatch Front, and these are being
uscd (o guide new development in hazardous arcas.
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Geologic Projects in Utah
1991

by Michael Ross

The Geologic Projects in Utah summary for 1991 (although
a bit late) provides geoscieniists with information on reported
active or aearly completed geologic studies in the state. The
summary confains information on; 1) Investigator(s), 2) Or-
ganization(s), 3) Couniy(ies), 4) Specific geographic or
geologic arca(s), 5) Type of study, 6) Title or topic of project,
and 7) Scale of mapping (if relevant). Special searches of the
database can be made on the following ficlds: investigator,
county, type of study, and scale of mapping.

The UGS is beginning to compile the 1992 summary and
would greatly appreciale receiving replics from all imves-
ligators expecting to work in Utah next year. Please fill out
the information form enclosed in this issuc of Survey Notcs
and mail to the UGS. The 1992 summary will be published
in the next issue of Survey Notes, therefore please respond as
soeon a5 possible. Thank you
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EXPLANATION FOR TYPE OF STUDY CODES

Economic Geology:

aGeneral . ... ... e EC

B.Coal . .......0iveniianrnnnns CG

coGepthermal . . ... 0 GO

dMinerals ...........c0000:0.- MG

&, Pobioletiii . . » v s v s n s e PG

[ Salimes . .. .0 v v me s e mmeemnn S0
Enginecring Geology . . . ... ... ...... EG
Environmental Geology EV
GeochemisAry . . . .« v v v i v v v e v v e nn s GC
Geochronology . . . ... ... oo GR
GeologicHazards . ... ............. GH
GeologicMapping . . .0 0o v v v v e nne - GM
Geophysics . ... ..o i i GP
Hydrogeology . . .. ... .o v, HG
Minerabogy . ....... .00 MM
Paleomagnetism . . . . .. o v v v v n oo nnns PM
Paleontology:

g Undiferrentiated . . . ... 00000 v LU

b. Invertebrate . . ... ... ... .. ..., . Pl

coWerebrale .. ... .. e PV
Pabmology/Faleobotany . . ... ... ...... Y
PetrodOfY » « - v v o n v v s navnnnnnnnns FT
Ouaternary Geology . . o o . 0 v v v v v n a0 s 0G
Sedimentology . .. .00 v e . 5D
Strafigraphy. . . . ... ... SR
Structural GeologyTectonics . . . . ... ... 5T
Voleamology .. ... ............... YO




TR KODRML Wl 0 ORNDAT) IR AE 8 O SR ME U 38 8 &0 WD

EOEM R P Y U
FRLc]) U Saii i g0 Uelisipiy T AL o am] ) mieey Al =3 e ] 0 R T,
A R P O ey HD "33 WD LSRR PSR LY " - ] "o AR R e
wfmpeny fearg Sfpag sl o Sansn == i ] WP IE W UEEN WE i SOEN T SE0N UBRay § o) e
DR T T ) e L) TR ] SRl YR NS A -] Rkl
B sy e ey 0 oD L4335 LR L, - B B ;] ] R
SRR N ) 0 SOeaE) 413} RANoE LM IRE K U YR NS WA ] ERk
aBunsent seag uscufeie s, B 0 looen [ L] e U P ] e S AN M by o e
U PR g LEea) sy o Boen ¥l LR s - B BUT T ;] o0 7 e
S PN L sURE ey o [} LR s, - B BUTTE 1L ] b~y ] o7 e
E il g gy o Afosoegy Wi Epusay 15 PN YR G WA =] Fpl o
wfum parn wnzojow =) @ ASooen W WLIRGLINEC Py ATC] ] 0 M YR S W ey 71
wBusmms mmy v By =y o Sooen W ] LU, - DR BTG " ey 471
wifumipang T il 0 ASoneg (5] STRFSTIONY L] MRS YR v =0 47 ‘e
Y o ymibip g spmrey SiSanag HD Ll M8 0N B P P
I N RO ' SRR TR0 D nmurey Urgeumg puw yunbn oL 0N W A
SR Ry BT 8] 0 ASa0eE 18 W BLFHLROYY W] Mg W ool ArEea L ]
ST LN AN I S LOTIEDMNER) 06 "B ‘ol SEpSEE ME OO T s,
EiT 5 BRSO ROANE BL0p04 B0 B i HE "Bl R P LA ey R £ P P W) 7 L DR T ey
BT PR WO A U ey, e e Ld "o L] =L 1] M&n 0 ‘sabugiay
BT DT B SAES: Sl 0 SEe0EEy [ ] R U D e, Ry fr sl whnad-pin 1 el
PN RETUALL UM, = B 0TS SORTHNE iB LY sy H v U R e A O R A e
oBesmprares unbeny sl 0 ABoeoen [ ooy e i) e, gz = ool rEn Rl = U
Ay A 0 NA WL DUTAE, (O] WA m e TRTT R ] oD "ol
V) VAT R U O BT D 3 L] LIS S s f-5] & "wbpaupy
T LSS T BSOS qui % "Fid "W S TN SRR w3 ¥R BT WG S B yar “uweg
SRR TR el 0 Alen IR i SR R SDpem [* OO s pom ' Bugeag
Wl pusg D sl o0 Aloen O LT R TR TR [*. f- ] Ty g Bugsag
R O D Wweyeg g Alamoen W I GRS Ly 33 vy “Bugsag
s vl sy e o aoen W LS TN bR WL Ry B2 ¥ .3 S0, Busgeag]
D i e i ey o Smoen W ] ] G SRR LS oL 2] Bugeng
s SUnE Ly ) g ASoen W Iy BRI NG EOPRL SRR 3 RN Hugsag
U [ | i) ey) @ A WL L] TN bR (LR B2 ¥+ - ey Husgeag
wfipenn isopay, By o Seoen W LEPENNEY SN MR [WLICT PR BT 73 2] “Buagsng
B peng) aspsodoy sy o Bmoen oo Ve BEEAL) I i E2r 1] 4 g
P LR, LAy 0 ey Faraur enBnoy F. NUIRLICTN YSPITEY LI Og e EErdnEn H wenD
sbumpenn ynog s s sy o Sxoen W WPy T W] RO T [ IEENT A, AT T R
0] 15 oy o Bopoeg W W T ] S o HENT AN T T ‘vl
LR L (RO N30 RN UL o [ T ] w5 20N L pUR o) AR
L ) ey B muoaucy D Lo ME E ] 0wl g 0L eEGS
Bupsunng no wpreg T Sppamp B o0 O "umleniy g 0L Ve
Y D U Ao o e T s son D el L ey
e Ly uwg e Buargy Bd ICTH GRT] WHRE SopRE e L] O umleingy § 0L RS
ii.g.gnﬂu Od g ME Ml W 0N ol oL eepyd
] ASRIEE ) 43 Knog 0d Lo ME 0N el § 0L D
Y o Sarry B o beusng T P ag &0 by § 30 VP
P woduen sy, B 0 GECde) wnms o LR YR 38 s B s LR L]
LSRRI R N I L LTS USRSt 1] G R U S TR (D0 "3 LR ¥ ey
SRR P [Py B D 1 BB L D S S usuw pocsucyer Balivugy 5M Eonl e n R
) 0 G MAONG LGL) o R M5 F 1] D pom R
WG [ B 0 0T AR el B 0E L PR ¥ MM, 'EE ‘MU S T P e
Wik e AR WO 0 A O 'S 'mo LI My LI RN o Y LW AT i SEN WD st § oW Cuspling
) e i e o BN Dy SRR ] LU AN O LL EN v Ceepling |
e e Uil o O TH LR Lal M BLYILINORN LI B T P ey wil SO0l NEn T30 T T AR
wEREING £ K | PRSI 0 SNy msur 2 ] Ll L] i '3E BEN D % Y e
wifimpmng 2 3 | WER(] 0 ERTCER A Bt HRE IR e, oL "W :14 4] LU T R
w rsclein moedon 10 @ W uoucE i d2 e Luse AT RS W ma LE T TR & Ve
zomaqeiegy nBmimy s o aBeD | enmy 18 ‘b IR LRSS R S Wl "o G i ey T 'ucaspuy
o S, L O SR T L 15 T EURIL T W L e [T Ry j{a ] Lalh =t
P ) T HREE, ) daf o iRl Fid MR [ R LS LY, WD BN ¥ SO0 R T P T Uy

b o L [ T adiy dpmpy opEsr]  (silmmey  (slusgerpmeisg {saquijpeaan)




N SRR 0 Bt ¥ s L 1% N LMD T SOy Wl MU WS o U
el PR vl e S By o Baoen T LR CpRIED ] So6 =L LT
e wEumping wiies g sy o ooen ] WO TR CPRGT %13 -1yl =g il 11
IS wfmspmepy apby sy jo (Booen LidLreT) MRS TR CPRIOOT 7,3 1+ I
fE il 81 (0 Aoy W4T WO TSN CPRIOET W o O

o o IR P i Y U LD WA 0L WS W T 3 U R,

s wiumpns e, By 0 ABoicen 15 ¥ AR SRS AT S U nwE BN NS T N LS o R
g muSegg s onog e Bussaooun 2 W) bR o EoninEn ErR L U

) 0 RS M) B GRET) B W ShvET L] = | B i)

ey rauiis O o Buaeg 9 deduibieg oswe Byyegtuen L oL Sl st W CumaEEn g T e
Dl wary Engumising (o Snimag 5 SHIR0WGN 15 ye PR Ay Gl e, S L] EEEN "Nk 20N P g e
e 2 S DT LT 8] 0 e i TR, et ki s 00 R U e R T
e 2. B ST Rany U] 8] 0 ABoene i R, et i1 A TR0 LR U e S T

g ussdusy g ) e el 0 R Bamag HE FaTelpy LIRS AT B B W BYgD il it =00 W el
D0 ) AnDHUTE SR TR RO B0 0D onCLE FLTENI YIRS A AF Ean seen L IR T
R ) U URPR U ) L RO sl RS L R T LT WAL k=gl B oot
AR Fy U URPR Y e ) e RO el (LT ] Bt apER, 1 ey, ueslis L ] B "y
e FRE ) e e 0 RN 35 [ ja ] W AT R W =on LSRR B ]
HEL S AT i | ps, B 0 Doen o WL S T nr =on W Wy
0L U “HUL PR PR E 0 Bmoen 20 4l "L e Ll ] YW L Y BOEN nmgs puw g g
0L wlumzenh) (1 00 Ap0 e wy) o oo ur wumi) ey Y SRR WS W e -1 n ] o pum 'y oy
m3 auRpEn BeEeT I By 0 Booen 1% e WU G U Xo e R WD o0 (ST Rt R e
i afumipann aew ] e, sy 0 Booen oLl " BSEENCRY (WG T LA e BEN R R LT
a2 il mey, pncEy By o (oo ool BTN [V T WHHCH 153 RO T ey
& Susaig s pl) eeesu ) 4500 P BRI g} BE Y KON LD pum g H ey
- 2y gy sy sy epnzygeg " Aoy, o LS Yy gl neag LE R
D S pe e value s By 0 B 15" BLTNRLINC Y L LR £ ] IR Y T '
& iy el ey g i Upesn It Ly ez wBumy ualies nr INELITYY 8 T [ WY N wensay
{apEE B rpren pomayy oncw syl o Booen WE' TG SR e e, BT & Ennl smg sge o4 g
2 miunpang seey wnfun sy o Booen ws" TR S, w5 £ MR S PR
& sy vaiepy gy Bupees ry g eue aplny LI BSPPINOYY LULBNEC) Wwapnog 1n EonlniEn o Lo P L ey
oo eSum] sy souy, mdar Bopoen e not BTN R LSS g SO ga it e
= waF prred gunbo p e pte Susesoemg BLEwnogy YLTE e TR, oL 0N E a0
& ) i) Boppius pufoen iyl m RN S W5 =] k-3 - ]
w2 mBumpeng yesy wousy sy o Booen AE sy e g (o) Hanl rEn TH 0
- w0 Sooen edope g Ampusyzoen 1 3 RN LUSHRUINLNON R (E W YD Pa g USAPERD R U
Lo Ly punes punn g o (Bopsep e 0o 'un ' IR DRRSOT A LAY 7.3 0 T AT
DcwE whmps, ooy o Bemry oo 0 HE L T T T e e =0 N R ]
oL WIS IR RIS R LTSI B BTN IR, WAL I W R =00 R ]
0w ufumpreny ey pU agE By o Bonen BEH Ll B F E QL 1l S0EN WO
o2 sfumipmng upn ay) o Booeg sbuiiy g Uy B a1l SEET WO
fcwE mEmpang usluer wae ) o By P i 1 R SRR MK oL ol SO WO
DOOFE RPN AR SO URECT B 0 ABoen LR AP B fiil EBEN WG E
D2 ailumizmnyy s URIE B [0 B SRy P S T ol Sesn WO -
D00E mBumuzen uoler) gD B 0 ADenen AR RS U nr s I NS
R4 T4 Amima m e g Bucfy P SR 15 Bh Raguy sy "y W v Kol ns e moom
andonL SSamapene 0f v of sleiag g ey o Do W W 4
frrs BB [ LD Rl [ BUREE HE G
fes s T R R, 0 g (i il HD 00 AR - W
o A, ' ey usplo o SBopen mpng W DD L
A sy EpMORET WG B W Uy g Apng 2 08 “ld L
o ey ey ey ory vo i) w o L T B L. b
w 304 1R ¥ T 0 ydifmueneg pepous [ 0w
@ ARSI SN0 [0 ALY | 0
ke s iy Bompen oy 8i jo IBoyoas M L
T Elaspts g el iy Boplive sloosbopdsy o EL!
| oooed  efamspene A welig su e dDoyen iis
I

| g dwgy ndap Bl i dpnig




i
M
| LERH &Y

WHERE DID THOSE UGS
PEOPLE GO?

Utah Geological Survey moved from Rescarch Park (o new offices
located at 2363 5, Foothill Drive, 3alt Lake City, UT 84109-14%1, phone
(BOT ) 467-T9T0. The new facilitics include larger offices, sales and librany
arcas, and an elevator for wheelchair access. Yisit the new UGS Monday-
Friday & a.m.-5 p.m. The Sample Library howses the cuttings and core for
over 4 (00 drill holes in Utah, Facilities are at 4060 5. 5 W, &4, phane
(801} 266-3512,

New UGA Guidebook Available

Hydrocairbon and Mineral Resources of the Uinta Buasin, Utah
and Colorado, 1992 Special Symposiom Guidebook 20 is now avail-
able for =ale ar the Uah Geologeeal Survey, This publication wis a
highlizght of the recent Buseaw of Indian Affairs Ulinia Basin 5}'I!‘|.|!~:1~:iu:‘|!|
in Vernal, Uiah, Togics covered in the guidebook include: Lepsing of
Allatted Propevties of the Ulinnak and Quray Reservaiion; How to Secire
a Mineral Arvess Agreement god Right-of-Way for the Developmen of an
Trgllene €00 aondd Gras Lease on the Ulnigh and Oaray Tadion Reservaiion,
Lirerh, O3 amed Crarw i Dippermio st Cretaceoas ard Tertiory Bock, linta
Basia, Gl O8] Shale Resogress J.,f five Cimicrfe aned I".|||'.l'.;.|'_'|' fmiliam
Regervation, Uintg Basin, and 1he DGA Egstern Uintae Basin Field Trip
The guidebook was edited by Thomas 1. Fouch, Vite F. Nuccio, and
Thamas C. Clidsey, and the cover ilustration was produced by Kessley
LaBose and Enca L. Welsh, the winmners of the BlA-sponsored poster
dlespm comtest, will the cover design by Pailn MaConn of the UGS, This
At page hard-bowiwd guidebook 1s 530 and can be ondered by Dling ot
the Oivcder Boarm on page 22 of s ssee ol Swrvey MNotes
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