
URVEY OTE 
VOLUME 25, NUMBER 2 JUNE 1992 

UTAH G E OLOGICAL S U RVE Y 

· 11e purpose of t/1e Applied GeologiJ 1~rogra1n is to 
collect, disse,ninate, a11d e11coura~e tlte 11se of ,rzeo-
logic 1,azards infonnc. > 

be11efitthepeopleofthe • 
Progra111 incliule: (1) e 
specific areas or spe 
waste disposal and 
a1ui i1iterpreti.11g J,a_ 
advice to govenune11t 
engineeringgeology 
it1g to req11ests fro1n 
ta1,ce i11 (a) 
logic proble 
ronment,r 
inggeolo~ 
key-word 
matron,. ccm 
data base: 
mnps.TJ1e 
spotrsibili 

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 ol the recent Santa Clara landslide in Washington 
County, Utah. 
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redMction nuasures reklud to earthquakes and other 
geologic hazards. ■ ■ ■ 
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THE DIRECTOR'S 

PERSPECTIVE 
by M. Lee Allison 

TilE POLITIC:S 01<' EAJffHQUAKES 

The pa.st fewmooth.s have been i.mp(>fUrnl for Utah's 
stale earthquake program: 

The magtiitude 4.3 wcsh:.m Traverse Mountains e.trthqu.lJ:e near I lcrriman 
oo March 16 was 1be bit,8($1 seismic C\'Cnl on I.he Wa531cb Front it1 t1early a 
decade; The Earthquake Ad\•~mry Board (EAB) was es.tablishcd and is now 
ckwclopi.ng its strategy and program; The GM'Croor and the Legislature agreed 
oa cstahli'ibing a state stroog-motion instrumentation program aod authori7.cd 
funding for it; Creation or scwnic woe 4 ol tbe Uniform Building Code (U6C) 
along the Wasatcll. Front became a front•p.age conltO\'ersy, albeit for a sboct time. 

The r.t.rthqu:ake 
An e-,;duation or the seismic.event m.ay be found in the article by Christenson 

and 01.ig in this issue, Eart}1quake i11 so11them Solt Lake Volley. 

Eartbquak.e Advisory Boo.rd 
The EAU includes in its membership &0me who have long been active i.n tbe 

$I.ate earthq1,1ake program and others who ha\'C great expertise and interest bul 
h11ve not h.:id th..·u sa.mt involvcment. In the fi rst few mec1in~, dis~ion has 
focused (>11 tltc role or the EAB and its ditectfo,n. As a mcn1bcr or the TccbnjcaJ 
Co,nmiuce of the EAB, it i.<; my hope that \l.'C will adopt some of the more 
succc5.5'ul aCli\'ilics ol California'$ Seismic Safoty Conunis.'iion. In panjculat, I 
1hink i i cri1ical 1ba1 U tah prepare a cmnprchcnsive listing of the canhquake 
activi1ics thal arc prcscotly underway and lhQ.\C !hat need to be implemented. 
The EAB should prioritizc the nccc4 and as..SCM the resources occewtt)' to 
achiC\'t, the m. 

Slroog•nu>tion program 
A signjficanl step in acquiri.ng information needed to better design ULah's 

building1 and other structure.<; was taken by the Utah Legislature which appr0\'00 
the GO\'CrnOt's recommendation to bcgift funding a strong-motion instrumenta• 
tion prognr,m. Fo r three years this p rogram bas bcc,n the oomerstuoc or a 
comprc.beosive earthquake instrumentatioo initiative that is the earthquake 
community's highest priority. Because or the total program's S3 million prkc t.-g, 
it has ne\'Ct fa.red weU in the Legislature. niis year, the UGS propo5ed th.it the 
Slt(lfl8•m-Otilln insirumtnt par! or che progr-am be funded Y:p:iracely and in• 
cremenu1lly over a lon.g period or time. The GO\•emor's otficc supported the 
oonc:c:pt luid the Lcgi.s!ature appc()\'W i1 handily. The (>nginal pr(>J)(>S3I three 
years ago wai, for $1.6 m.illioo for a minimum statewide program. The packo'lg_c 
a~)j>rO\'Cd chis year is for $7S,OOO per ytar. Thl&S, al1hough i1 \I.ill 1:1kc :it leas, 20 
years to establish the fflic nctworl:. our belief is that it is beuer to start M>Ontr 
with a smaU amount and build a good program than ba\'C oo program while \l.'C 
wait (Of full funding that may never come. C"..ot1unucd on P-11" ti._ 
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RADON STUDIES IN UTAH AND THE STATE INDOOR 
RADON GRANT PROGRAM 

by Bill 0 . Black and Barry J. SOiomon 

Radon is an od0f1C;$$, ta.'\ltlC$$, oolol'lcs.~ radioadiYe gas 
which formsprimsrilybydccayor uranium (238U). One r:idon 
isolopc, 222Ro, isthcmcw;t signi.ficaut ro,uributor 101hc indoor 
radon problem and msya.ccumufa1c indoor'$ in ronocntrations 
~uffidcnl to pose .a signirJC1111 health hazard. T1&e U.S. Eo• 
viromne111al Protection Ab'CDC..)' (EPA) csti.matcs that from 
8,00) 10 40,000 Ame.riCil..0$ will die cadl year from IUQg cancer 
call.1Cd by lon.g,term inhalation of radon gas (Schmidt a.od 
othc-rs, 1990; figure 1). Th,e EPA (1986) h:\S established 4 
pQ/1 as the indoor radon conccncra1ion atxwc which miLig.a• 
Lioo is recommended. 

Conccnuationsorindoor radon arc ll function of a number 
or variables, including prc,;cncc ()( a $i3nific.'ull rsdon !K)urcc, 
wtather, buildiog conmuctioo., and \'C.nlifa1ion. Thcsouroc of 
most radon is uranium in tbe geologic m:ocrial$ sunoundi113 
u building's foundalion. Radon n,ipation from 1hc ground 
into buildio~ is affected by g_eolog,c rac1on. such as soil or 
rock penneabilily. The Utah Geolog.ical Sur.,.ey (UGS), in 
cooperation with the Utah Di.,.ision or Radiation Control 
(UORC), Departmcal of .Envirooruental QuaJity, is inves• 
ligating the relationship between goology and the indoor 
radon ha7.:·,rd by particip.iting i.n a statewide radon study 
undct grnncs from lh<.; EPA. 

~•t<J n-w. of hi\&_, .. , .. 
41,c,ll)o-

ar,,o- (CNI o/ Canf!Mohk 
f<l,1 l.<01) nf'(II-~ .. ..,_,,,, ,oco 11--.,, 

◄ o.......,_"'-d 

'"' 
,_,,, ◄ Ill> __ ,. 

1..irori-1 

.. ,.,.,., 

"' 60.ZIO 
◄ ,00 ,1-_., .,.,,,..,~ 

.. """ ◄ 10--...,. ..... .... 
• ,,.,. 

' 1,.10 
◄ 10 ................ ......... 

' "' ◄ A"'111'1'~'0f -., 
" 

A',,:,op eu,dol',. 

◄-

◄ 
~•Mn~da-,. _,_..,...,.rlolt 

◄ 4 r,d •111! oll(llU 

◄ 
21)JnldW;o,11·"")'tpU ,.. 

◄ z pl(li:~...,. ......,., 

◄ I petH., ,.....,.,, 

◄ ,~-'X'r .... 
◄ ~dc,,10,.,.,.,'" 

"'' 
◄ Non'<l!l(>turt,l<)f 

d )l .. fn1,a lln., Cllll'CJ 

◄ JO (11t,il I "Y' fltl ,.., 

EPA PROGRAM 08./ECflVESAND UTAJ1 
ACTIVITIES 

In 1~ in response t() 1he growing n:uional concern over 
the lhrcat or radon ga.-., Congress enacted Title m, Iodoor 
Radon Abatement Act (lRAA), a.-. an amendment to the 
Toxic Substances Conuol Ac1. The IRAA bas the ovcraJI goal 
of rcduci.Qg public health risks from radon gas by rendering 
air within buildings in the United Stales tree of radon. Section 
306 of the LR.AA, the State Indoor Radon Granl (SlRG) 
Program, aulhori7.es the EPA to provide grants Lo states to 
support the de\tlopment and i.mpk:.mwLation of State radon 
asscgsment and mitigatMln programs {Ef'A, 1989). 

The goal$of the SIR(; 1>rog,am are to ~chk:vc wi~prelld 
participation by SUttcs in radon programs, est.lblisb basic 
radon rc5p,onse c::i,p,ibilitics in i titc.s Lh.:'ll h,wc no1 )'Ct 
developed radoa pr<igrams, stimu13Le inntWlltion and cx~n• 
sion in stales with CMl'lblished r:idon pr0gr:uns, f~er r:td()n 
program development Wilhin the states., and strcng1.hen 
fcdc.raVuate partncn.hips b)' belpln3siatcs develo1> programs 
£or communicating and reducing the radoa ri.,;J: beyond the 
lifeo(theSlRG Program (EPA, 1989). All of 1hcsegoals are 
considered equally important by the EPA for succcs..-. o( the 
program. 

The SIRO Program is lo be conducted O\Cr a period of 3 
years. Ouringthe first grant )Car in Utah(19'X>), twoprinci.pal 
acthitics v.cre oonducted. The first acti\~ly, coordinated by 
the UORC, im•otved soliciting \'Oluotccrs from the Sandy and 
Pro\'O areas to monitor their homes for i.ndoor radon over a 
onc•ycar period. A survey to a5Sts.s indoor radon levels 
.s1:uev.ide, wnd1JC1ed by the Ul)RC in the faU or 1987, indi• 
c-atedlha1 there were indoor radon levels in 1.hcsc cities higl.er 
than 1he saatcwidc a,'C-f'lg:e (Sprinl:el and Solomon, 1990). (n 
Lhc sccocid atti.,.ity, the UGS and University of Utah Research 
Institute (UURI) conducted a detaikd geologic study of the 
fac10rs that influence indoor radon concentrations by 
rein1c11>rtu.lion or Natioo.J Uranium Resource Evaluation 
(NU RE) aerial rndiome1ric data. collection of fie ld 
radiometric data. and physical characterization of soils 
(Solornon and olhers, 191>1). The rir51 grant year provided 
valuable infonnation required to examine the relation.ships 
be1wec,:.n g-i:.ology and elevated indoor radon le\'ds, and 
de\cloped geologic techniques for aMCSSin,g radon bv.ard 
poccn1i.:d . 

Second gran1 year acli\i1ics., now completed, include 
de1ail,ed indoor radon SUr'VC)'S and ridon-h:w,2rd-poccn1ial 
invesli&fitions in the. Ogden V::i,Uey and S1. George area$, as 
well as an update of the $1:lle\\ide radon·ha7~'lrd map. The 
Ogden Valley and St. George areas were ido 1ilied by the 
UDRCas having indoor radon <:0n<:ent.r11tio11S higher than lhe 
~tatev.ide ave.rage (SprinJ.:el and Solomon, 1990). ln dw:se 
arca&.1he radon• hw.rd•1:,occ11tial invc.sligal io11S will coi~st or 
colk:.ction of field radiomclric da1a and physical clutac­
tcri?.ation or soils. 11.e ~1:lte\\ide radon•ha?~'lrd map will be 
u1nlllted by <:ompiling out<:rop d:na, or uranium <:oiiccn1ra1ion$ 
froin theNURE J)rogramand othe-r uranium rcsourcesiudies, 



and wilJ show wt1i¢h goologic;. units in lhe state have the 
highest 1)0Ccn1i:·1I :15 uranium $0Uroe are.as. 

f'lanned for lhe thitd gram )'C:St, :as funded, arc a 
dt:.l:'l iled indoor radon sun-ey and radoo•ha7.ard-potential 
inveSLigaliCm of the Sevier Valley area, and a radon• 
ha:r~lrd•pOlenlial investigation or part or t.be Weber River 
Oood plain wcltl of the Wasatch Range. The SC'.ier Valley 
area, from Riclilicld lo Monroe, was also identified as 
having indoor r;1don leYCls higher than t.be statewide 
aver:igc (Sr>rinl:cl ;md Solomon, l?JO). The Weber Ri,-er 
Rood pl:ii1,, a p<>1Julous and rapidly grov.'ingsuburbao area 
near Osden, was .sekc1ed due lo .i elu~e, of high indoor 
radon measurc,m::111,i,, rnnging from 10,9 p<.:i/1 in South 
Weber and 15.0 pCi/1 in Roy to (,8,2 pCi/1 i.o Uintah (the 
big;hcu value recorded in Ulah) (Sprinkel and Solomon. 
1990). The radon•b:l.7.ard-po1cn1ial in,,..._..tig..itions will be 
conducted in the same manner as 1hc :second grant )'C.:<U 
in,•esiigatM>ns. 

GOOLOtil<.: lNVESTIGA TIONS OF RADON• 
t-lAZARO POTENTIAL DURING THE FIRST 

GRANT YEAR 

In 1990, the UGS i.nvcstigaled the radon-hazard poccn• 
t i:d of 1hc c.isl Sandy and cast PtO\'O .areas. The hll.7.ard 
potcn1ial was Cltlimated by determining three g_eok>gie 
factors: ( I) uranium content of 50ils, (2) o(ma;.nlration or 
radon in soil gas, and (3) dcp1h co gtt)l1ntl w;itcr (Sol<>m<>o 
and others, 1991). NumctiC31 ltOOrts. were applied to each 
raling raaor, and comp06i1e r:uing.,, wer<.; tal¢,1la1ed 10 
esti.m.ate the hazard potcnli:il for c3eh major Ou:i1em:1ry 
(unconsolidated. basi.n-fill) geologic uni.I (Solomon and 
others. 191)1). The objccti\/C's were: {I) to de line geologic 
fa~or.\> whicli inlluence radon distribution., (2) 1ocs1ablisb 
r:1J)id =ind inexpensive lie.Id teC'Jmiqua to delineate radon• 
h~:,~rd. ;m:.a.s, a~d, (3) to .ac.hi~ more e£1icicn1 testing and 
nu11gahOo m c.,ustmg construehon, .ind ha:r..atd prcvcmil)fl. in 
new oonstruction by identifying haUird areas (Solomon and 
others, 1991), Airborne nidiomclric;. measurements we.re i_n. 
1crprc1cJ for the east Sand)' area and adjacent Wa.~tcb 
Range .ind lieJd data were coUected in bolh s.iudy 3re:i.s. 

1'hc. c.ast Sandy study arc3 is in sou1hcastcrn Salt We 
Cou111y, extending from the mouth of Big Couonwood Can)'on 
on the. north lo Draper oo the soutb, and from approxiins1cly 
State Strcci on the "'t:st to the W3satch Rans.eon 1hc ca::-1 
(figure 2). The avcr~e indoor radM lc\'(.I in 1hc e.tltt Sandy 
~udy 0111.:a is 3.2 pCi/1, with L 7 perccnl of ,nc3surcmenL~ 
greater than 4 p<.:"1/1 (Solomon and others, 1991). 

The Was.alc:h foul! zoncscpara1cs unoonsolid:ucd dt1>06it\ 
in Salt ,Lake ValJ:cyfrom bedrock in 1he WaS.'llcl1 Range. The 
\'alley 1s underlain by a complex sequence of unconsolicb1cd 
Quaternary allu\·ial, dcllaic, lacu.~rine, and eoli:ln basin-fill 
depm.its (Personjus and Scott, 1990). Ah hough :1 \lfldc variety 
of bedrock t)'pcs oocur in the Was:i1ch R:ingc CSSL (>( Sandy, 
only some lilhologics ba\'C tbc potc1ui:il to p1ovide ::.ourcc 
malc.riaJ with clc\-aled uranium lcvcl'i to 1hc Ou:nern,·1ry 
depos.its in the s1udy arc,,. They arc: ( 1) Oligoteoc. granitic 
rocts of the Liulc CottonW()Od, Alt;i, ;md Cl;1ytun l~c.tk Mocks 
(Crittcnden, 1976); nod (2) Precambrian mcl:ul"IOtj)hie rocl:s, 
including thc Miner.al Fork Formation (Condie, 1967). 
011,1rt:ri1c. shale, .and slate of the Precambrian Big Cl'IUOO· 
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wood Formatioo (James, l.979) ha,'e low uianium levels. 
Ground waler oc-.cu.rs al dcplhs greater than 50 foct (15 ,n) in 
thetastern part of the study area, but i.~ less t.ban 10 feet (3 m) 
d,x.p to the west (Anderson and othcf$, 19861)). 

The east Provo study area is in Utah County, extending 
from Orem on t.be 11orth 10 Pro,'O on the so,uth, :uld ftom 
approximately ln1c1ststc 15 o,n 1he\lo'C:St 10 1he Was,'llch Range 
on the c.ast (figure 2). The average indoor rado,11 le\'C.I \loithin 
the ca.-.t Provo uudy area is 2.6 pCi/1, with 12 pcre£.111 of the 
mc:i.~ure11"1et1ts greater than 4 pCi/1 (Sprinkel and Solomon, 
1990). Ah hough the indoor radon leYCl in thll, .l>ludy :~rca is 
lower than the Statewide a\'crage, Sprinkel and Solomon 
(1990) dcmon..,;us1ed 1hat 1hc ~151 PrC>\'0 l!rCa docs contain 
anomalous areas wi1h indoor rad()n levels in excess of lhc 
51:llcwidc :iveragc. 

Like the cas1 Sandy study area, die. Wasa1ch fauh zotic 
separates uncon.solid:i1cd dcposiLS in Utah Va11ty fr()m the 
bcdrocl: in the Wasatch Range. The su.1dy a rea is underlain 
b)' Qu;'ltem:try M.'.-dimenls s imilar io origin to those or east 
Sandy (Machelle, 19$9). Bcdrocl: with 1he p01c.nti:1J to pro• 
vidc source m,ittrial "'ith elevated uranium le\'els 10 the un• 
consolida1cd dtJ)OSits in the \'allt)' includes: (l) the 
Pe.nmJ)1\.anian 10 Mism.sippian Manning Canyon Shale, a 
d:uk .shale lhat undcdies much of the raoge front. and (2) 
di:imic1i1e (>(1hc Precan1brfan Mineral Fork Form.a lion, which 
underlies 1hc drai1,:ige b:hin,s of R()Cl: and Slate Canyons 
(Baker, tCXi4, 1972, 1973). Lime.stone and quartzite of Lhe 

' 
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Pcnn.~niao and Permian Oquirrb Formal.On uansported 
f.rom the interior o( the Wasatch Range by drainage through 
Provo Canyon have low uranium te,'els. Ground water occu.rs 
at depths gmrter than 50 fcet {15 m) to the easl, but is~ 
than 10 feet (3 m) deep to the west {Anderson and others, 
1986a). 

The airborne radtOmctric survey completed under the 
NORE program delineates large areai, of high s.utbcc 
uranium c:or1ccn1ra1ions, and ~llSO serves ;}S an indie:11or of 
are.'tS th.'11 m .. 'ly bavc a p<>ttnlial indoor ra,don bmrd (Ou\'al 
and 0111:111, 1990), A oontout m.;lJ) of equiv.-len1 ur~mium(eU) 
was generated by UURI ftom darn com1)i.lcd fton, the NURE 
radiometric su.rvey for a f'>3rt of 1be Sall Lake Ciry 1:150,000 
quadrangJe. which oovcr-s 1hc east Sandy study an::a (Solomon 
and ochers, 1991; figure 3). The aY-O-ragc uranium coneentta• 
tion for tbe cnti.re quadrangle is 1.65 parts per millioo (ppm) 
(EG& G G eomelrics, I 979). The map shows chrcc aoorualous 
areas o( uranium concenlralions greater than 3.2 ppm. Arca 
A is i.n the east Sandy study area and L'$. as.sociatcd with high 
indoor radon lc,•els in lhc Sandy area. Anomalies with high 
uranium values (D and C) in the Wasatch Range casl o( 
anomaly A arc loc.itcd over the granitic stocb o( Little Cot· 
tonwood. Alta, and Oayton Peak. 

40' 30' 
112° OCY ·­!C 

otbers, 1991). In ca:;t Sandy, lhe big.best average uranium 
level:; {7.1 ppm) were found in upper PJeistoa:ne sand and 
grtwel of the Provo (regressive) shorelines of the Uonncvil.le 
lakeci<le(Sol-Omonando<he"' 1991). Higbl=b(6.9ppm) 
were also found in the upper Plcistooeoe gravtUy aUu,ium or 
terraces graded to the Pr0\10 shoreline near l.ittlc Con0n~ 
'4'00<1 Canyon. Jn e~t Pro,v, the hi3hes.1 average uranium 
Le,ds (3.1 ppm) were found i.n upper Pleistocene lacu.1lrinc 
gra,'CJ o( the Bonneville {transgre55ivc) shoreline (Solomon 
and o<has, 1991). 

Measurement of radoo in soil gas shw'Cd the 41\~e k,ds 
of radon were also higher in tMl Sandy(5281>Ci/l) than in cast 
Pro,'O {449 pCi/l) (SoJomon and OU>en, 19'>1). In e.uc S.tndy, 
the bigbcs1. averat,.ie levels of radon to soil gas (641 1>Ci/l) were 
found to the upper Pleistocene terrac.:c dcposiu oOC.ed above 
(Solom0n and oc.hers. 19!>1). In tas1. Pro,'O, the highCSl k.vels 
of radon in soil gas ( 679 pCi/1) v.'Cre found in middle Holocene 
lo upper Plcistooeoe•lltMal (i111$($olomon and others. 1991). 

Onoe radoo gas t.S formed, it Cll.D migrate into buildings 
1hr<>ugh the &Oil. The r:ue of migra1ion depends on cbe soil 
pcrmeabi.lity, which is affected by moi.uure con1CJ,t, den.sit)', 
and .soi.1 tcx1u.rc. Soll in cast Sandy is generally gra,'Clly sand, 
and tS more permeable than the gra·•clly loam o( the east PtO\'O 

area (Solomon and others, 1991). Because 
pore Willer e!fcc.:tively traps,radon and inhibii.s 
mo,'Cmcnt through the 50ils, lowwa1er con1en1 
abo,'C the ground•waler table faciUtates the 
rno,'tmtnl of radon. This pl,enomenon is 
gr.tJ)hica.lJy illusu:ued in ca.st Sandy ~1itre 
Quaternary units bigb in ura.nium, bul with 
shallow g,o-md water, have low &c,-els of $Oil 
gas (Solomon and Qebers, 1991). 

TI1c telative radQn•ha1.atd po1c111ial of 
geologic uniLS in the cast Sandy and c:u.t PtQ\'O 
areas wai cstimalcd by du-ce factors: (1) $Oil 
uranium cooccntratioo, (2) concentration of 
radon i.n .soil gas, and (3) ground.water Le,d 
{Solomon and others, 19!H). Each geologic 
unit wa:; assitp1ed a hazard rating &ing a 
numerte.ll rating scheme b.iscd on lhe field 
data. Using lhi'> hazard rating, radoo•hazard­
po(entia.l maps fOf the cast Sandy and cast 
Provo areas were constructed (rq,.'llrc.s 4 and 

112~ :Kl S) . For a discussion of the methodology used 
consult Solomon and oc.hers (19'11). 

~lj:11rc J. Uranivm tonC'c:e lf1.tiOn$ from airbOme radiomcl.ric "1111'\q'. e.t S:imty area. Hell\y 
li11c ;,. W~tb lt,'IDI\' frOnt, 8CC - l3iJ Qltt()nwoo,,S O..a,yua. LCC is Uulo Com••ood 
Oinyon. C-1011, ill1c.l"o11I i$0.4 ppm (SOiomon 11ndOlhc:fi. 1991). 

In both study areas, geologic units with the 
l:u&best hazard rating ~'ere upper Pleistocene 
lscustri.oe sediments related to lhe transgres­
si\'C- pruise o( the BonoeYilJe Lake C)dc, as weU 

Field d3la oolJected from bolh 1he esst S.•mdy and eas1 
Provo areas included: (1) gamma•r::1yspcarome1ry, (2) le\'tk 
ofrndon in soi.I gas_ (3) soil moi,-1ure ;11nd density, and (4) soil 
tex1urc (Solomon 3nd 01 hers, 1991) . Gamma•ray 
spcc:Lromctry determine.-. the OOl'lcen1tatiol'I of radi(.)3<:tive 
parent material in the soi.I avai.lahle for decay i11to radon ga.s. 
The le,'C-1 of radon in soil gas mea.sun::s die amounl of radon 
a"ailable for migratjon into buildi• Soil moisture, dcn.'iity, 
and tc.xtu.rc all affe<:l the mobility of radoo gas. 

Grunrna•ray spectrometry showed that a\'Crage uranium 
IC\ 'Cls V.'Crc signi.ficantly higher in tbe east Sandy area {5.6 
1>1>m) 1han the cast Pro\'O area (2.6 ppm) (Solomon and 

3,1, younger ckJ>06iLS ovcrlyi11g 1he lra.rugtcs• 
t;i,,c w,its (Solomon and Qehcrs, 1991). However, 1hc ba?.ard 
rating is 1l01 indicath'C of actual indoor Ddon level\ bccatLsc 
a quat1ti1ati\'C rekuionship docs n()( cxir.t bccwccn faccors 
mea~urcd in cbe fickl and indoor radon. Factors oot ooo• 
sidercd include buikling ro11.struct.On tcdutiquc:;, lifcst)·le, 
and weather, aU ol whicb can strongly affect i.odoor radon 
lc,'C-ls. Small localized areas o( higher or )O\l,'Cr indoor radon 
te,ds may still occur. 

TI.e lDdoor radon hv.ard potenti.aJ of geologic units in the 
tu.st $.an(ty and east l'ro,'Ovea.s rc:OC>cts oommon dc.positiooal 
paltcm.s and physical conditions. Sucb patterns and oondi• 
tKl11s. a.s w<ell as tcc:hoiqtteS used to Kkntify tbem, ve ap• 
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I II e;1st Sa.ody, drainage Crom Little Cot• 
l(>nwood Canfon transported material 
derived from Oli.goceoe granitic rock.-. with 
rt l::uively high uranium content to the Little 
Cou<w.,,x,od delta at both the Bonoe,iUe 
(transgressive) and Provo ( reg,essi\'C) 
le~ls (Solomon and others, 1991; figure 6). 
Material tr.ln.SJ)Orted through fSi,g Cotton• 
wood Can)'()n 10 the 8ig Cottonwood delta 
is rcla1ivcly deficient in u.ran.ium, but is also 
derived in p.'111 from OBgoceoe granitic 
rocks and Ptcc:unbrian mt.ta.morphic roc;ks 
wilb bi£.ber uranium oooteols. . .Below the 
PrQ\'o (regressive) le,,el, sediments are not 
well dr:i.ined and a significant part of' radon 
gas :H 1l1is level migraled wilh shallow 
g,ound water rather than v.ith soi.I gas. 

Big Cottonwood f <>rm:ition 
Low un1nium SC,Ur<'e 

A lta, Oa)1on Pe:il:, and 
U ttk: Couo"""-ood Stoda 

Higl, uran.iuin source 

lo ea.st Pr~ uranium-enriched sedi­
ment was derived r,om the Mineral Fo rk 
Fo rmation and Manning Canyon ShaJe, 
transported locally through Rod. and Slate 
Canyon:; and deposited at the DonneviJle 
( transgrtM-ive) le,'el along the range fronl 
(Solomon and oth t rs, 1991; ligure 7). 

~ un ,. $l:c1ch or tt~ONI 1c01ogrihowing lhe Rl~1i0nship bc:•w«:n 11ran1',1m S011r«:f. dcJ)O'i­
tional 11ru111 • .utd r,11Jon,h111..itd piMC.ntia.1 in cast Sandy ($CIIM1.- UICI oillc NI, 1991 ). 
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>'lit• •·.-7. $~Cl~h ()(~aiOnlll t:O()IOJY~•IIJ: lhc rcb1101111\,pbt1wcc• ur.1t1!11mw>11rrci;.,dcpoe,:iuonal ll'CilJ..&fld nKIOfl~ r,j p,,ltnth1I in Uli-1 l''n:,,..:,(SOI0..011 
lllld Olbcrs, 1991). 

M.ilerial dc.ri\'t:d from lhe Oquirrh Focmaliun. cn,nspo,1ed 
1h,oug.l1 Pro~v C:my~)n 3nd der~ 1ed on 1he PrQ\'O Ri\'c.r 
delta, is dcfic:ic,u in ura.nium. As in easl Sand)', the uni.ts \l.ith 
1be big.best Jl(llC11ti:i.l for n.n indoor radon h:i.z:i.rd are weU­
dr:i incd scdimcn1s 1ha1 allow soil gas migration rather than 
migronion with s lt;:illow ground W;)lCr , Lower ur:mium levels 
in c.·1.51 PrQ\'O comp:i.red 10 ~I.SI S.-mdy rcnca d,c dirfctcnecs 
in souroe matcri;J, 

GEOLOGIC INVES'rrGA'l'IONS OF RADON, 
HAZARO POTENTIAL OU RING Tl IE SECOND 

G KAN'I' YEAR 

hi 1991, 1hc VGS invc~•i&a1cd 1hc r:1do11-ha1.:ird 1>0tcntial 
or the Ogden V:,lley and S1. George b.1sil'I . Thtce geoloS,ic 
foctors were u.~cd 10 cs1ima1e die rado11-ha1.:ird flOlcn1ial of 
1be.~arcris: (I) ut:inium con1en1 or $<1ils, (2) $<1i1 pcrmea1)i1i1y. 
and (3) depth to ground water. Unlike the fitst gram-year 
invc.s.1iga1ions,soil £:'1$COnccn1r31ion has been rc1)l:iced by soil 
1,erme.1bilil)' is a fo<.:lor in delermining the h::i-:rard p01e111i:·11. 
be.,..'lusc perme.-ibili1y is .i 1>ri.ma.ry fatlOr wht-reas soil g:» 
co11or;,11r.Hion is dcriV;JliVC ,i.nd dcpend:s on pri1113ry g.::olog.ic 
fac1Q.1'$. Howc\-.::r, l)cc:11.1se 1he field wo,k and analysis of darn 
is not com1)le1e ;)I ll1is 1imc, 110 h,11,ard ra1ings ha,;c l)ccn 
:i..ssignell :ind lhe h~rd p(l,ltnli:1.I of tht~ ;:ire;!$ is 1101 )'el 

determined. 

The Oidcn V:i.llcy s1udyarea is in Wcbc.r Couoty. about 12 
,nilcs {19 km) east or Ogden, ttnd iodudes lhe towos of 
Huots\ille, Uberly. and Eden (figure 8). lodoor r;)(k,n k\•els 
in the Ogden Valle)' area range from 2..1 pCiJ1 10 17.6 pCi/1 
(Sprinkel and Solomon, 19'X>). Only four iodoOf radon le\•els 
were 1ncssu1cd in Ogden Valley; two were higher than 4 pCi/1 
(Sprinkel and Solomon, 1990). 
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Ogd(:n V;1lley is ;1 oorlhwesHrendiog \·alley c.isl of Lbe 
W~t.5at¢h Ra.o_ge front, tind is bounded oo lhe east aod wesl by 
fouhs lh:i.t dip toward Lhe valley (Leggette aod Taylor. 1937). 
TI1e \·alley i.~ underlain I})' a lhicl: sequence or scdimc111ary 
bssin-fill dcpc,sits th:.1 h:we accumul:llcd since earlyTctli:iry 
1ime (Lofg,cn, 1955). Bcdr()(:k lithologits in d,e Wasatcb 
Rsngc surrounding Ogden Valley with a J>OlCntial to ~)tO\'ide 
source material witb clevalcd IC\'CI.~ of uranjum arc: ( I) tbc 
Tcttiary Norwood Tuff, which underlies many or 1bc western 
and sou1hwcs1ern slopes bordering the valley, and (2) i1.rgilli1c 
,,w.;ad1c1ed from tbe Precambrian Inkom, KeUeyCw.yOtl, and 
Maple Can)'()O Form:nions and tr;lJ~p()rlCd I(> lhc valley by 
draina.,sc tl1rough the North Fork, Middle FOik, and South 
Fork of 1hc Ogde n River (Crinenden, 1972; Crinenden and 
Sorensen, 19?9). Ground w:uer oocurs :u dcJ>ihs gre.11c, tl1..1n 
50 feet (15 m) aroui,d the edges or tbc vaJley, but is less than 
10 foc.t (3 m) in muc.:h o( lhe valley interior. 

Three types of Cield dala "'"ere collected in Ogden Valley. 
(1) g:amma,ray speclromclry, (2) levt:.ls or radon lD soil gas.. 
and (3) soil ICX1ure. G,tmm.:l•r~•Y Spe<:tr<>me1ry showed thal 
ur:l nium co11cc111 r;'II ions were higher in the n<>rth am.! west J);)rl 

of Ogden V;d ley (ligure 9). High uranium levels oocurred 
generally in Oualernary allu,ial sedimenls derived from 
bedr0<;k v.ith t-lc,·,tted uranium kvcl.s (Lowe, in prep,), High 
soil-gas mea.suremenls occurred gencralJy in uranium.rich, 
perm-c:.able, and well~draioed alluviaJ sediments. PrcJimina,y 
dala analysis indicates Lh3t the potential for elew11ed indoor 
radon le,·cllS in lhe Ogdcn V.alleyis highest i.n the norlbwwem 
,,art of the valley. north and ww of Liberly. and is 1o .... u to 
11te so111he::i.s1, C..ISI of I hmts..ille. 
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The SL George sludy area is i.n W~1on County. and 
indudesSan1.a Clnta, Mjddleton, Washjngton, Bloomington, 
n.nd St. George (frgure 10). Indoor radon le\'Cls ranged from 
0.8 pCl/1 to 6.2 p0/1 (Sprinkel and SoJoruoo, l9'JO). Like 
Ogden Valle)'. onJ)' four indoor rndoo levels we re meas.ured 
in theslalewidesurveyio lhe St. Ceorgearea; one was!,.trealer 
1hao 4 pCi/1 (Sprinkel ~nd Solomon., 1990). 

The St. George basin is centered on tbc conllue.ncc or the 
Virgin and Santa Oara Ri,,ers. Popufatioa centers lie in tbc 
river valle)'S, which arc underlain by Qua1cm:uy alluvium. 

Bedrock uuiL'> with tbc potential to provide 
source material wilb e levate d le,'els of 
uranium are: (l) the TriaMic Moetuweformn• 
tion, which was mined for uranium in the near­
by Sih-cr Reef mining di.'>trict, (2) the Trias.~ic 
ChinJe Formnti.on, n prolific producer of 
uranium ore in Utah, and (3) 1bc Triassic 

,,, .. Moc11kopi Fonn:uiou (Doelling, l974). 
'"' These uniL'> crop out over a large a.rca in 1bc 

southern pan o( tbe study area and alluvium 
derived from 1hcm bas utanium levels or up 10 
4.7 ppm. Di.s1ribution or u.rsnium in alluvium 
derived from 1bcsc bedroc k sources it 
80\'ernod by Ou.a1ernary .sedimen1alion pnt• 
terns.. The Nnvajo SandSlone of Juriwic age 
is common to the norlb part of the study area 
and is cxccplionally deficient in uranium, wi1h 
levels gcneraJly bel°"' 1.5 ppm. 

Field da1a C(>IICCCcd in die.Si. George area: 
included l)gam.m.a•rayspectromelry, 2) le, ·c.ls 
or radon in s<>iJ gas, and 3) s<>il lCXlurt. Air• 
borne ri diomeoic su.-vey& of the are.1. C()n, 
ducted for tht NURE 1,r0g1,:un, indic.·ue lhzit 
the St. George basin has low a,·erage appan:nl 
uranium c.:onoenlrations. Hov,-e,·c.r. bel.lUlie 
the resolul.i<>n of lhesegu.rveY!i is insufficienl lo 
«.leled loca.1.izcd oom.:enlr.ilicms of uranium, 
g.round,Wlsell gamma,ray spt<;lr(>metry w.is 
~ 10 dt.ltnnine lhe .Je1ailed dislribution or 
uranium in lbcarca. Tbc licld d:u:i, ro1nbi.ncd 
v.ith evaluation of ground-watct dcplh and 



di5tributioo of surficial geologic units, was us~ to evaluate 
the radon-hazard potential or the St. George basin. 

r.EOLOGIC INVESTIGATION OF RAOON-HAZARO 
POTENTIAL.. DURING THE THIRD C ~ANi YSAR 

In 1992, the UGS plans to im,cs,jga1e 1he radon h37~'ud 
potential of the Sevier VaUey area and Weber River Hood 
plain. using tcehniqucs similar to thos.c u..~d in di,e Ogd<:n 
Valley and St. George study ate as. 

The Sevier Valley iuudy area is i.n Scvict Cout1.1y and in• 
dudes Monroe, Joseph, Ridl.fkld, and Sevier. Indoor radoct 
le\dc; in the Scvict Valley ar~ ranged f,om 0.8 pCi/1 to 22.4 
pCi/1, "'ith 35 pcrccm or !he me:·L~ure111c111$ &rea1er th:ln 4 
pCi/1 (Sprinkel and Solomon, 1990). Geologic uni.ts wicb tbe 
poeential to provide souroe rusteri:il with cleva1cd levels of 
uranium lo the unoonsolidatcd valley fiU rusy be aile-alkslioo 
vl'lle11nic HO\\-s and tuff bedrock or the Marysvale ••olcanic. field 
(Cunningh:1111 and ochers, 1983). 

The Wcb,er River flood plain is lo Weber County, and 
includes Ui111:1b, South Webe,, an~I Roy. Indoor r-adoo levels 
in the Weber River Hood plain ranged from 0,8 pCill 10 (,8,2 
pCi/1 (the bis,Ju:st ...alue ,cco,dcd in Ul.lh), wi1h 15 pc,oen1 of 
lhe 1ncssurcmcnts gre,11c r 1han 4 pCi/1 (Sprinl:cl am;I 
Solomon, 1990). 011ly four indoor radon IC\'tls we,e 
mc~urcd in lht ~tatcwide SUl''ey io the Weber River Oood 
plain; 1hrce wt.rt tr..:~lcr 1h:rn 4 pCi/1 (Sprinl: c,:J ;ind Solomon, 
1990). A geologic uni1 lhat may have potential to provide 
::.ou,ce m:11c,i:tl wi1h l.!levated IC\"Clsof uranium to the Quater­
nary dep~its in 1hc ,i.rca i,i, tht f>r..:cambri.in F'armington 
Can)"On Complex, whicb ronsi...as of a.rgi.Ui1e,sncis.c;, and s.ehiM 
(O.i\'iS,. 198.5: Nelson and Personius., 1990). 

CONCWSION 

Radon is 311 C11\1ironmcntal concern throughout the 
ooumty bccaus.:: or iLS s1&Spectcd link to lung canoe,. i he 
SIRG Program dcvclo1)ed by 1he EPA bas been successful in 
fostering an indoor radon prOgr.'lm in Uu1h, 8e¢;1uSt of the 
complex rc.lstionship bt.twcen geologic and oon•gooklgic fac-
1or.sd1:i1 contr(>] ,a don le\'els. succcsslul i.ntcragenqcoopera­
tion bc1wcc11 1hc UGS and the UDRC has played an 
in1p,or1:1nt ,ole in the indoor radon program. Additional 
granis by the E l) A wiJI streng:Lhcn federaV5Cale partnerships 
.ind continue lo provide \'tt.luable information fot com• 
munieiting ;rnd rWucing the radon rid; in the state. 

Geology can be successfolly used as a prcdktor o( areas 
1,0,ith el~tcd i.odoor radon le\-e,ls. Airborne radioruetric.sur• 
,•eys ean be used in conjunction with rc.giontt.l geologic maps 
10 lden1ify regional uranium anomalies. Grouodsurveys then 
de1erminc detailed uranium di5tribution io geologic units and 
idt.ntify Olher geologic factors suc:h as shallow ground water 
and soil pC.nneability. This combination o( airborne and 
S,<>1ind s1udies enibles idwti.lication ol areas that h.a"e a 
higher 1>0Ct.11tial for t:.levated indoor radon levels. 

Although geologic in,;cstigations can show the relati,•e 
b:lJ..:trd pOl..:ntic1I of an area, indoor testing is sti.11 the only 
rcli.ablc w.;.yto tlettrmine indoor r.idon le,-els i.n ao individual 
building. Non•gcologic foaors such .-s weather, lif~yl~ and 
buildingconscructi<>n.ind design m.a.l:e predicti.ng radon h,!\-Cls 

from building to building diflicult e\·en in areas of high 
geologicpoteotial for radon. In the pa.st IS )-CMS, lht: builtling 
ioduslryhas made structures moreenergyelftcient b)·reM.rid • 
ing \'(.ntihilion and ;tir flow, which ha$ to some extent in• 
<:rc.:ised the indoo,- rado,, ha1.2td. Indoor 1euing C3n be used 
in exis1ing~ruccurcs t() monilOc' indoot ,ado" lc,-c:ls and show 
which buildings ntay require miligation. HO'W'C\-c:t, it is still 
il'npor1.an1 10 dcicnninc the indoor radon hazard potcotial of 
sn area so that in high-hazard areas, mit.igalkin techn}quescan 
be incorpora1ed i.nto building design prior lo constnlction. 
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REPORT~ ON RADON AVAILABLE FROM T HE 
UTAI-I GEOLOGICAL SURVEY 

Rat/()11 iiu:tml!t i'n Utali b)' 0.A, Sprinkel and B.J. 
So lomon,;·, 2A-p3.ge re port gi,,inga thorough inlroduction to 
radon, why it is .:i ha:c..ud, where itsoocurrcnce m.iy normally 
b<: expetted, and what measures arc needed for m.itiJatioo. 
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P()fc111iul nulM laazard map of Ura11 by D.A . Sprinkel. An 
,:wc.l'\•icw of r1sdon ha:c.ard areas i.o Utah at I~ • 17 miles, 
produced i.o 1987 and rc\ised to 12/89. The acrompan)i.ng 
tel11 dclines mup medlodl,fog)'. 

Open-file Rc pott I~ 1987 (1989). S3J)0 
Uruil indoor ,aew,, data by 0 .A. Sprinkc-1 and BJ. 

So lomon. This ts essentiaU)' the data from the indoot radon 
s1udy in a computet-scarchablc file format oo n djskette. 

, Open-File Rt-J>Orc 175--0F, l.2 Mbyte, April 19')0, S5.00 

1.: umquc 011 ~p«!Q.(;U a, sw14:ry o 11()111em fa 1 41 
u.~hi'murd by d)namlc JHOt.:e$ses rhat (>Ccu, (),1 a11d wililin lhe 

Eort/i', crus1. Imagine ihfJl /()(" O~'t'r 2()() milli<J.n :,vws die 
nu)u11ral 11$ an(l ,·all<:)'$ we sec: ux tuy in n()ftiiun Uruh 14-'ltt C!' 
p,1!l•iou.,Jy the sit~ of a shallow vopical sea.~ 
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Skillfully illus1ra1cd, plw:,1og,aphcd, :ind wriucn, l11is new 
98 p;i,ge compiJ,.ui()n leads Lhe reader through the diw;rse 
gt:◊108,)' a nd M;enie beauty of n(>1them U1:th's roc:ky moun• 
rn.in p.t.Sscs. A brief inLroduction cm basic gcolog.ie prin• 
ciplcs and a time scale acqusi111s 1bc :un:i.teur geologist with 
1bc rocks and scenery of no rthern U1ab, after whiclt 1bc 
rtadtr is guided t hrough 1be following scenic drives s nd 
hikes: 

Tour 1 • Log:l.ll Canyon Tour 8 • Tony<irovc La.kc 
Tour 2 • Garden Ci1y10 Og_dc-n Hike 1 • Jardine Juniper 
Tour 3 • Sardine Sun·unir Hike 2 • Naomi Peak 
Tour 4 • Brigham Ci1y to Ogden via Cache Butte 
Tour 5 • Log.·u , to Brigham Cily Oi\ide 
T(>ur 6, Red Rock Pass 
Tour 7 •Minnetonka Cave 

A\•ailable for S6.00 from Sales, Utah Geological Survey; 
Utah rcs.idc-nts please add 6.25% sal« tax. VISA and 
M:t<:;lc.rcard accc )tcd. 



l'ACJt 10 

HORIZONTAL DRILLING FOR OIL AND GAS IN THE 
MOAB AREA 

b)' Craig 0 . Morgan 

N:Hi◊nal suc,uion h:.$focuscd (mtlte Moob:lre:1 as a rcsuh 
or the .succcssfol oomplctio11 in 1991 or a b0ti?.on1ally dl'iUcd 
oil well Columbia Ga.s Development's K:meSpring,i Federal 
27-1 (Grand Co., Vt.ah) ht1:i a neatly 1,000.foo< hn,izontal leg 
drilled at a depth of ove r 7,<XX) feet below the surface. Tbe 
horizonu1J kg goes beneath tbe surface location n( two wells 
drilled in the 19<.:&.. One of the older wells produced a minor 
amount of oil before it was abandoned, and the other was a 
di}' hole. 

Horiw ntal drilling, us the name implies, invol\'CS drilling 
horiw nt~tly or nearly hori:,;ontatly (parallel to bedding) for 
distance-5 commonly of 1,000 to 3,000 fe,et io an oil.producing 
h<,ri1.()n, r\n oil-producing horizon or •pay" U>ne m3y h<wc a 
true thicknc.s.s or only 20 feet but can h,wc 1,000 to 3,000 feet 
or 1)ay ope n 10 1he wellOOrc if 1,cnctrt11cd horiZ(Nltally. 
Ho,i1.01u:1I drilling is an ideal tcthnique h't e,tplore for pay 
zones thm depend (>11 Cr:tc1urcs 10 Cl)nl;l.in the oil ;·m(I provide 
{KlthW-i)'i for oil ll':11lped \\il11i11 the r(l<;k, Fr.1c1ure densily in 
rock is seldom uniform. oflen OC(Ufring i ll fractu,c $CIS 
sc.paraled by unfracturcd or poorly fractured intef\':i]s. There 

: . 
i 

- ---1 ·-4, 
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~~li()tt$k!;l th(lr a hori.ron t11Uy drilled wd l j,.. 
l~twnltl( :fit\'l:f~I (r.i.-1\l(C ,c1, ill lhc "(;ane Ctl:ek· 
Shnk (! l'QM (.Qh,trol.lNI Ga.$ l)e,dOpmcnt ~-
1ion C'.\11.ibiu before Ilk: 1~1'1:1 cl Oil, V,,S, • nd Mini­
ng. Dod:l'I 91-0:??, 011.lk 196-28 

i:i a small pl'ob­
ti b il it y of c-n• 
co un t er i ng 
numerous fra"'• 
lures in a 20· 
foot•thicJ; pay 
zone w ith 11. 

small•dia1ncter 
\'-C-rt ie:il wclJ. If 
die same zo11t 
i.s drille d 
h◊ri1.0111 :·1 1ly, 
tht◊ugh 3,000 
fce1 of r(l<;k in• 
stead o(20feet, 
the probll.bility 
of encounter• 
ing fractures is 
gr e ti l l)' in­
creased. 

In ll1e J)aSt )'t.i.f, li,·e wells have used borirontal-drilling 
techniques in 1he Mo:1b ;m.:a. Two wells drilled b)' Columbia 
Ci:\.$ Dc\'Clo1,men1 li.;h•C been highJy sucoes.sfol. Columbia's 
firsi well, Kane Spl'in~ Federal r,. 1, was completed Oowiog 
!H4 barrels of oil atld 290,()()() cubic fee, or g.tS per d.:,y from 
the -Cane Creek" Shale. n ,c well W3$ cl.rilled in the 8artleu 
t-1at field which wa:i ab!lndoned in 1965 aner producing less 
than 40,000 barrels of nil. The 27• 1 well produced nearly 
100,000 barrels of oil during 1be first nine months or 1,rodue• 
tion. Columbia drilled 1heir second well, the Kane Spf'lng.,; 

fedcra.1 19-lA, six miles to the southe.i.st and (;()mpk:ted i i 
flowiiig 1,158 txirrels or oil and 2:34,000 cubic feet n( gas per 
cby also from tlie •cane Crcet • S h.1lc. Columbia'$ third well, 
lhe K.;\ne Springs Feeler-al 28·1, 1 rnile wc&1 oldie 7:/- t well, is 
o.,rren1ly being tested. 

The 1)ay7.one 1bat the bo,i1.0111all)' dt i.Ued wells are exploit• 
i.ng is a 40- to (iO-fooHbick interval in the "Cane Cree.k" Shale. 
The •cal'le Creel:" Sbalc i.$ a naturally fractured, organic-rich 
bed in the Pc.nOS)'lvanfan Paradox Formation occurring at a 
vertical de pth o( 6,000 to 9,000 feet in the Moab area. The 
"Cane Crec.k" Shale is boch the source of the oil (generated 
from tbe organie•ricb matter) and the rcservoit with oil 
trapped in .sets of densely fractured rock. The f'u-st oil drilling 
in the Moab area occurred along the Colorado Ri\'c.r at Cane 
Creek antklineandShaferdorue during the 1920s.. These we Us 
encounteted numerous shO\\'l; of oil and e\-e.n expertellced one 
blowout that Rowed oil for two weeb. Actual production was 
nevi::r established. In the 1950s and 1960s., drilliogd)d establish 
oil prod:oclion in the area, 

Many or these older 
lields. a.II driUed \'ertical~ 
ly, arc. cous.idcrcd hithlY 
favorable arc :i$ I◊ ex• 
J)lort using hori7.()nl:II• 
drilling cedmiques. The 
Shafer Ca11)'()11 fie.Id, Oil 

1he nor1be rn flank or 
Sh:1fer dome, wa.s di5-
co,<tred i.n 1962 and <:On• 
sisted or two J)rodut tivc 
we Us, <>neon each side or 
the Dead Horse Point 
Stale Pa rk O\'erlook. 
The fit.Id produced less 
111..111 68,000 b:·1.1Tcls of oil 
btforo being ab:·mdoncd 
in 1967. 

Long Canyon a nd 
Bartlett A:u fi elds we,e 
diSOO\'Cred on Big Fl31, 
the 13bleland :i.rc3 near 
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• 

• 
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• 

-­··­.. , .. ,c,, 
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Ownj.-4c1ed and pl1111t1cd hoti:rion.tllll)' 
drillcd•,:llil,, I • AtthciNationalPul:, 
2 • 0 tr}OfllflnJ,s {\"illiOUl P"-tk. • • 
oilwdl,{,-• <1,yhok.o • p1a11.M1h,-c,U. 
Only horiwnu.1 "'1'11, 11« .,_,,_ 

Dead Horse Poin1 S1a1e P:i.rk and CanyonJands N:u«)nal Patk. 
Tbe Umg Canyon field was discovered in 1962 and continues 
to produccoiJ from Lbe •CaoeOeek" Shale from one well. This 
is lhe onJy truly suctess(ul \'C.rtically driUed "Cane Creek" v..i::ll, 
h;wing produced over 900,000 barrcls o( oil as o(Oeccmbcr31, 
19')(), The Bartlett Flat field was disoovcred in 1961 and 
abandoned in l96S. The lie.Id is the site o( Columbia's first 
horiwntatly drilled well. 

Columbia Gas, ChC\T()n, Meri<.li.~n, Coors Energy, S:xxon. 
and McC◊rmick Enctgy h:aw; :a.11 :i.nnouneed drilling J)l..l.n.s t() 
tesl 1hc Csnc Creek Sb:ile in lhc M0,1\) are:·1 in 1hc near future. 
Hl)rizontal drilling i.-s ,-cry expensive (Columbia spe.111 over $4 
million/wclJ}, bu! Cl)11linucd succCM will rcsull in aC1i\·i1y in 1his 
arc.a for )'C.'l!S 10 come .. 



EARTHQUAKE ACTMTY 
I IN THE UTAH REGION I 

July I • Seplen1bu 30, 1991 

SusaJJ J. N11w1 
Unfr~nily of UtQII Stism-0grupl1 S1ati<ms 

During 1hc thrte•m-Onlh period July 1 lhroug.h September 30, 1991, the Uoivcrsity ol Utah Seis.mouapb 
Stations loaitcd 132 earthquakes within the Utah region (see epicenter map). The total includes four earthquakes 
in the magnitude 3 range. spccHicaUy labled on the cpicc.ntcr map, and 60 in the magnitude 2 range. (Not~ 
Magnitude indicated here is cJthc-t local magnitude, ML. or coda magni.tu~ Mc. All times llldicated here are 
local time, which was Mountain Daytig.ht Time.) 
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l'AGI!' 11 VOW.HE V Ntl.HJlVt l 

SOIL AND ROCK CAUSING ENGINEERING PROBLEMS 
IN UTAH 

b)' William 6.. Mul\'ey 

Geologic materials ..,,ith cbaraueristics that make them 
su.~epciblc 10 V(•lumi:tric cb:1ngcs, c,ollaP6(:. subsidence, or 
01ber cng:inccting-gcologic prolilenis are referred lO in tl1is 
stud)' as problem .wll 011d ,ode. Geologic ;·md c.lim:tl ic C(l,n.di• 
1jons in much or U1ab l)t(wide a varic[)' ()r bo1h locali7.cd snd 
widespread occucrenocs o( these matecialo:;, as 013)' be seen io 
Ggure I. This article is ooodensed from a map (1:.500,000 
scale) and report soon to be published by the UGS as pact or 
;i $1.:.lles of goologic-hazard maps of the state (see Mulvey, io 
J)rCM), 

Nine l)1JCS of probk.m soi.I and rock are di.s.tu.ssed: (J) 
t X]):.\.nSi\'C soil aod rod: wllh high shriok/swc.11 potential; (Z) 
coll<1psible wil OT hydroc.:ompactible soil; (3) gypsum and 
gyp.sifcrol1$ soil susccp1iblc co solu1ion; (4) lin.icswnt Sl.l.',(tp• 
1ible1osolu1ion under some h)Xlrogcologicconditions; (5) soil 
subjed 10 pi~)ing (l~;:.li:,,ed su~urface erosion); (6) active 
dunes; (7) hig.hly comJ)ressible pe.11. subject to decomposi~ 
tion; (8) underground mines which m.ay .subside and collap.\C; 
and (9) soil containingsodiwn sulfate. Some materials such 
as expansive soil and limes.tone cover large areas o( the st.ate; 
others. Ii.kc dunes .and peat, arc of limited are3J cxtcnl. 

Gel1logy and di.mate are the main factors wbkJi influence 
the disoibutioo ol problem soi.I and rock. The geologic parenl 
m:ilCri:.d fargelyc:letermines the l)l)e ol problem prcsc:nt. For 
ex:1m1>lc, tJtp:·~1isi"c soil is most ofteo aswciated ..,,;th shale, 
and k:u-s.1 dis.wlu1ion rc.:Hurc:.s form in limt:MOne and gyp­
siferous fom~atio~. Wc-stheri,ig a nd erosion arc <:Ontrolled 
b)' local :1nd region.al clim:ue. A prime example of the in• 
fiuenceor d im.ace is colla~ible soils, found predominantly i.n 
arid regions where ri.nnU;1J rainfall is low. 

As urb!in de\1Cloprncn1 <:-nc:roachts on lesssuilable terrain. 
dsma.ge from 1,roblcm soil and rocJ. bas increased. Detailed 
g<:Olcelmical saudies are oeeded in arc.as of problem soil and 
rock 10 identiry 01.nd mitigate potential problem~ and co a\-oid 
cc:xsdy C(lrrccti~-c mca.sur~. 

M E'l' l-100$ ANl) SCOPE 

1nrorn1a1ioo on problc.m soil and rock in Ulah vr.1s coru­
pilcd from im•c:s.1igatio1is conducicd by n111ne r<n.i.i. agem.:ies 
:-uid :1utl1ots, snd from limi1cd aeri,J photograph interpreta• 
tion and fi eld work. 

T...,·o t)'('>CS orinform.;nion are sh<r,1,'ll on the map: (1) docu­
mcnccd occurrt ncts or problem soil and rock which common­
ly ~11$C damage lo structures, and (2) geologi.c units wich ,he 
pOlcntisl 10 c:·1~e problems. Oocumented occurrences pro­
vide !he basic information used to idenci()' problem geologic 
units. Des)(lsi1s wi1h the potential to cause damage are more 
wides1Head 1J1a 11 do<:umc nled occurrences, which are 
clustered in urb:1l, ste3s wberc p1obkm ~ ii 3nd rock :.m.: 
em.:ountc.red by de\'elopmcnl. A\•aifal)le d:H3 conocrning 
problem materials cons.isl 1>ci,na1 ily or uupublii;hcd consuh• 
anls' reports, and in\'CStigations b)' state, local. snd redcral 
gow;.rmnt.nts. Documented occurrenocs include i.nstanocs o( 
dam.ige lo $Cructures and roads, and soil•te.c;t results. 

PROBLEM SOIL AND ROCK 

The. \-Uious c:ategl'>fits of probltm soil and roek are dis• 
cu.sscd acc.:ording: to the pr~s th;il created the depOSits, 
their dis1ributio11 v.i1hin Uub, d1e i, a$$0ci3ted engineering 
geologic ha7-itrdS. ,ind 1hc mi1ig:uio11 1ecbniqucs used 10 
tr.duce ,he hazs,&. 

Expansive Soi.I and Rod: 

Expa,Lo:;i, •e soil and rock contain day minerals that expand 
and cont,sct v.i1b changes i11 moisture content. Clays absorb 
watCt when wetted, causing the soil or rock to e.xpand. Con­
versely, as the material dries, Lbe loss ol watCt between clay 
«)'Slals or grains causes the deposit to shrink. The most 
com.moo clay mineral .wodated v.ith expansive depo5ils in 
Utah is montmorillonite (Bauman, 1964). Certain lypcs of 
mOntmorillonite can swell 2,000 t imes their o,igin:11 dry 
volume (Too.t1el0l. 1974). 

Problc.nis a$$0Ci:itcd wilh tJt~~nsive m:11erials arc crackr.d 
found:uions, hcs"i.ng and crncking or rnsd .surr:1ocs, and 
failure of wa.51CWS[et disposal systetns. Sidewalb and roads 
arc paniculady susc-cp1il)lc to danuige. Wauew.ucr disposal 
systems using soil absorptw>n fields a,e dam.aged wtien clay­
rich deposits go through the wet-drycydc. When di)', cracks 
de\'Clop lea~ing ~-oids that allow large volumes of w.lter lo 
infiltrate until lhe clay m.ineralsswcU and close the voids. The 
soil then becomes impcrincable, and S)'Slems clog and rru~ 
often causing wastewater to rise to the ground surface. 

Expansive soil and rock are the most common type o( 
pcoblcru deposit io Utah, CO\'cring approxiinatel)' 10 to l5 
1:icrccn1 of thes1a1e. Most or1he cx1>:1nsM:! soil Md rock was 
originally deposited in seas or lakes that at one time o, 
anc11hcr CO\'Cted much or the state. Mesozoic-age marine 
s.balcs ate the sou.rec or most expsns.ivedepa,s.its. n.cscsbalcs 
crop out O\'Cr a large a,ea or the state and are a particut.a, 
problem in southeastern Utah due to their ..,,ide e.'(pos,ute 
there (rrgure 1). Other problem deposits include Lake Boo• 
nevi.lie aod othe.r deep-la.kc scdime-nts in the \\'CUC-rn bas.ins 
and volcani,e tufts in the no,th•ocntral part or the state. The 
extent of e.xpansive Lake Bonneville s.cdlllle.nts in lhe central 
bas.ins of western Utah is unknown. 

In Uc.ah, bQmCS and otl1cr Sl!UCIU!CS built on Mcw .()tc-age 
marine sh.sics (for ex:ample 1he Manct'.>6, Ttopic and Arapien 
Sb:1lcs) have suffo,ed cx1ensi"e d:1rnag:dn P,ice, Green River, 
,i,c.-s, Mo:1b, Vernal, and Sc. George (ligurc 2). 8x()3nsivc 
,'Olcanie luff has ilimiag.ed s1ruc1urcs in Morgan., 0-svis, :md 
Sunimi1 Cc,,untics. 

Mitigation measures for expansive soil and rock include 
installing guue,s and do\>ll'lspoucs. that direct w.lter at least 3 
ru (10(1) away from foundation slabs; landsc.aping..,,i lb \'Cgela• 
tioo that does not concentJate or dcaw lacgc amoun1s or wate, 
from the soil nC.\r f04111cbtion.s; in.i,111.ating floors or waUs near 
heating Or cooling uoil-S l◊ pre\-enl ~poration thal could 
C;'l.1.1.SC kx:al chao,ge.s in wi.1 moisture, stre~1.hening founda.,. 
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1iQns, cxcav:.uiQ11 and rcplaccmcm of e.xpansi\'e foundation 
soils with 11on-exp:1nsivc g~nula.r fill; and tbc use of piles or 
Qiiss(}ns t () pl:u:e lhc foundatH'.ln 011 deeper non-expansive 
1'11:ilcrial or e.xpnnsi\•c material that is protected Crom changes 
in Oll)islurc content b)' \irtue o( its burial. 

Collapsible SoiJ 

The phenomc.non ol hyd.rooompactioo, which <:auses sub• 
side1u::c in c:olJapsc-prone soil, occurs in 11:,o,se, dry, k)w,cLe1t· 
sit)' depooits that decr~e in \'Oh•mC ()r coll.\pst when 
s:nur:·11ed for 1he fir.SI 1imc folJo.wing depositio11 (Cooca and 
R:\ker, 19$1). Coll,pse occurs when su.scc1)(ible soils are 
wcncd 10 a depth below th:at 11(1rmally reached by rainfall, 
destroying the clay bonds between grains. Colla1Jsible soil i.s 
present in g.cologie:·1lly)'Oung m;11erials.sueb as Holocene-age 
alluvial-fan ;:and dcbr~•flow y;dimc; 111.s, and in SQme wind• 
blown silts. 1'hc:.c depo:sils ha-,,: a loo:.e '"honC)'COmb" siruc­
lu.re and high dry strt:.nglh, rcsuhing from rapid deposition 
and drying. When saturaled, lhe honeyoomb Slrueiure collap­
ses and Lhe ground surface su~ ides. d.tm;:.ging ~1ro1)ct1y artd 
structures. The most oommon cau:se of hydrooom~e1ion i$ 
hum.an acti\'ity lhat invol\~ some form of w31er ;·11Jplicatio11 
sut'.b as ini,gatioo, wattr impoundme nt, l:'i:wn watcting, all era• 
tions to nalu.ral drainage.. or wa.stew.iter d~~I. 

Alluvial fansoonlaioiog fine-graioe;i.l dtposi1sdcri\'Cd from 
shales, muds.tones. and volcanic rocks are the m<»t (;(>rrun()n 
sites for collapsible.soil in Ulah. fans h-ll\'e steeper sJOf)cs a1 
the.it apiccs that allow rapid runoff of surface w;:iter d uring 
fan-building depositional events, Thi.s allo-.-.-s deposits io dry 
quicklyv.ilh tiule reworking by st rc.amfl0\,1,-. ;md the sedimen1s 
are commonly CO\'ertd by m.;11eri;:.I from .suhsequcnt deposi­
tional C\'t.:nls before being salurated. This rcsulls in matetfals 
-.-.i lh voids formed by air e nlrapJ)Cd :11 1hc 1inlc of dcpo.-.i1ion. 
Soils with bigb void ratios and low bulk dcnsi1ic:s ate s11bjcc1 
to selllement. 

CollaJ~ible soil i:sprcse:111 around Richfield and Montoe in 
central Utah. and parti¢ul:)rly ne.:·1r Cedar City al,d 1he Hut• 
ricane Cliffs (Iron County) in the w u1hwcstctn p.'ltt of 1he 
stale (figure 3). In Cedar Cil)' ;·1p1,roxima1c.ly $ 3 n1illion in 

flprt- S, IM.map, to foundalicm aad '8lc4 \l.'l>c 10 OOllll)'iblc ~ in the 
N'cptli 1ru. rboto byO.E. Chffilclli80n.. 

dMlagt. 10 public and ptivalc Slructures bas been attrib 111ed 
lo collapsible soil (Kalis.er, 19'78). Other areas lD Utah v.i th 11 
polenlial c;olh1pSible $Oil J)toblcm are along an)' mountain 
front where young aUuvial-fan deposits conu1.ining fine­
gr.tined sediments ate present. Qi.mate also plays ;) rolt in 
the loca1ion of coll:tpsib le soils.. Drier areas, such :is tbc Basin 
and R:,ngc Provinoe and Colorado Plaleau J)rovll\Ce, pro..,ide 
the best conditions for development of oollapsiblc 5()il. 

If coll!lpsible soils arc suspected 10 be prtsent, 5()il con• 
soJidation tesas should be performed. Mitig,uion ,nctbods 
include wetting and compacting a site pr.Or lO consuuction, 
excaval ing and backfilling with suitable materials, and 
landscaping to direc.:l water away from a structure. 

Gypsi.ferous Soil and Rock 

Gyps.i(erous deposils are subject to sculcmenl caused by 
1be djssolucion of gypsum, creating a IOMof inrernal u ructure 
and volume -.-.ithin lhe deposit. G)1,sum is a primary com­
r1oncnl in some rocks and the .wiJs derived from them. G)'J)· 
sum cao also form in lwo olher w.1)'$ • .ts a sccondary mineraJ 
deposi1 leached from surficial layers and conccncratcd lower 
in lhe soil profile. or as a m;:.1eriaJ lr;inspor1cd b)' wiod from 
oucside sou.recs. The most common sources for a.itbome 
gypsum are playas, on which cruses of @;)1)Surn s;ilts arc (()mled 
:\S the wetted play-a surraoe dries during the w;\Mncr mondss 
of the )'Cat. ~ gypsum crusts .tre broke n it1tO individual 
crystals tb:u are casil)' transported by wi.nd. 

G)'J)Sifc..rous rock and soil deposits c.1.n cause damage co 
foundation.-., and can induce land wbsidence and sinkholes 
similar to those seeo in limeS:l(>ne 1errairt (fig.utc 4). Water 
introduced for irrigation and landSC.IJ)ing ()r' il'ltO wastewater 
d isposal system$ can cause underground S(>h11io11 cavities to 
develop aod uhimalelycausesurface oollap.y;. GYJ>$um is also 
a weak material with low bearing s1tcngth, ,,..,hicli cnn cause 
problems wheo Jo-aded with the wcighl of a structure. ln 
addilion. when gypsum v,,e:)thers it forms sulfu.ric acid and 
suJfate, which reacl with c.::rtain l)'peS of ccmc.111 and "''Cakco 
foundalions (Sell. 1983). 



~""~ -1.su~l:hole i111fleld due mdluoru110,u'lll)'Jl'W'l'l •l'I Mptli.le R.di:t 
Mcmbn or th( Grttn RiYC-t r'Orman,on. rho1ob),(H!. Chn,:;icnmn. 

Gypsiferou.<; 10,:,l; and sc,il dcpo,s.i1s :ire comnlQn in 1hc 
Uinta Ba.~in nest Vernal, and in sou1hWC$ICrn Uuh, par• 
1icularly nJong 1hc b:isc of 1hc HutTiCime Oiffs. 1n south, 
westero Utah, inucb or the ~um is dctivcd frotn ctosion or 
gypsum•rich rock units . 

Soil 1cs1s c~u1 dc1crminc 1hc 1Jr~noe or g.)'1m 1m, If gyp.<,um 
is 1lre.s,cn1, 1hc 0111cr w3lls of ~ln.1c1,,ncs can be co;1ted with 
impermeable cooling,.., s1>ccial l)'l)CS of con<:rcie c:·m be ~d 
that resis.t damage from gypsum., runoff from roofs tu1d gutters 
should be directed tiwa)' from saructurcs, and l:u1dsc:11li11g: 
<.:lose lo a .structure should not indude plant.s that rcqufrc 
tcgul:lr w:Hering. 

Karst tcw,in is ch,vac1erizcd by closed dcprt.s~ions 
(sinkholes), C<l\ 'CfOS. and streams that abruptly disappear un• 
dt-rg.rouod (ligure 5). Karst features are c.auscd by ground• 
and surfaoe-water dissolution of cslc.'ltcow. rock5> such a$ 
limestone and dolomite. Frnctures wi1bi.n the rock, frost shst• 
teri.ng, and stream erosion also 3id ill 1bc dcvcloptncn1 ofk:\n;t 
terrain. 

Karst reatures dfrc« ly sffcct bo1h ~utfoct 311d .subsmfacc 
dr.iin;igc. The cavernous nu1urc of karst terrnjn prM•idC$ 
;.venues for contaminants from surfoce or subsurr11cesouttts, 
w<:h ••is w-11,lewater d lSposaJ systems, landfills, and buried 
gasoline t.inks, lo enter the ground-water sys1cm. Con• 
1amin:intS C.:)n spread rapidly due to lbe i.nterc.onnected S)'S· 

1cm or conduits. 
Cavernous sublernanc.u.n opening.<; in kstst 1crrain ,,ftctl 

colk1psc. k.a.vi.ng sinkholes at the surra.x. Struclutcs in the 
:.ire., may be damaged b)' lhc coll11psc. Allbough no docu• 
mealed oocunencc o( damage due m colfapsc bas occuttcd 
io Utah.1hc potential foe damage cxis.1.s, in known kar.s,1 areas. 

Karst is prcsc.nt in Pako;,.,,)ic limcsrnnc!:> and dolomites 
th.roughout notthcrn snd \\'CSICtn U1ah, with the best dc,,cloJ)· 
mcnt in the northeastern (Xltt of1he s1:uc. M().\I kar$1 re.:,1urcs 
found in 1he Ba.sin and Range of \\'C!Ucrn Urnh arc ,·clicc 
fcalurl"Sthat relate 10 moistcrdim:nes during the Plcis1oeenc, 
Or m;1y h;.'11;: been creai., d by ground waler prior co che rod; 

= f lgurt S. Slntholc I• 1-be lu.lbnb Um,:51:.,c, bcnuth nllv,,wm 11101'1( 1M 
Viri;in Rhu nor St, Oeoq,t, l'hOIO by JU ,. E~'l:rill. 

bci.11g uplifted and lilied duringOOsin ;)nd range faulting (F.O. 
Davis, Utah GeolQS.ical Sun ,ey, verbal C(>mmun .• J.lnu:try, 
1990). U11der present clim..ttic covditioos. the 1,oceot.ial for 
oon1inucd k.'u--sc developmenl io westero Ulah is low, except 
in areas where. suffi eic 111 ground water is present 10 cause 
$Olu1i(>nal w~1l1criog of limestone and dolomite. 

In norlhcrn Utah, surface a.nd ground ws1cr :,re ,norc 
abu11dan1 :uni k:111;1 fea1 ,m::.$ :If<: widc.s~1rcsd s nd well 
de,'Cloped, especial!)' in 1he Beat Ri,·er Range and in the 
northeastern part orthesw.1e. South ofthe Bear Ri,-cr Rang_e. 
sinkholes were found beneath a reser.nir i.n Laketown C.myoo 
i.n Rich Count)' and i.n the eicca\·ation for Porcupine da.m in 
C:,clie Coun1y. Olhcr .:ire:\$ of 11tc s1;uc con1ainine, ka.rst 
terrain are the nortb and so,~th nanh or lhc Uin1a Mou111ains 
;i.n,1 the central Wa.s,'ttch Rom.gt lx!tween Alpine tmd Sp.'lnish 
Fork Canyon (Utah County). 

A"oiding areas of limestone and dolomite terrain where 
karst fcatu.res rui,1e formed is the best method of pre\t:oling 
ground-wa1er contamination and collapse problems. 1r 
a,•oidsnce i<; no1 possible, preco11s1rue1ion 1>l:uu,ing txised on 
1hotougb geologic and bydrolog:ie invcstigalfon.s of construe­
lion sites csn pre,•ent ground-wster :u1d founda1ion ptoblems. 

So,ils Subjec.:t to Pipi.ng 

Piping is sub6.11rfoce erosion by ground water that mO'o'ts 
:il011g ptrmcable, noncohe.sive layers in unconsolidated 
t'llatcrials and c.xi1s at a free face, usually u ~rcam b,a11k or cliff 
th:at interseca:s tbe fayer (Cool:e and Warren, 1913; Costa and 
8a.l:er, 1981). Removal of frne-,grained particles (sill and cla)') 
b)' this process creates voi& within 1he material that acl as 
minute channels whkh di.reel the mo"ement of water. As 
ch.a.noels enlarge, water lllO\ingthrough 1heconduit increases 
~locity and remo,'CS more materia~ forming a ·pipe.' The 
pipe betom<:$ a prefc.ned avenue for g:rnuod-water drainage 
and eoJarges as more wat.c..r i.s intercepted. The increas.ing.sii.c: 
or the pipe remo,'« support from the walls and roof, causing 
1.:"entual collapse. Collapse features rorm a11hesurfaceab01o-e 
the pipes. dfrecting e,'en more surface water into the pipes. 



l'li;un f.. 1•1rln1 d:unai:c m " mild i.n I lol<l«ne atluvi\tfll alQQ.g Moel· 
1t111ma Crtt.t in~ J uan County. PhotubyCUi Oirht~nSOn, 

EvenlUa.lly. toe.al oollapse forms a guJly lhi!l com;entr3le$ 
erosion aloog the li.ne of collapse fealu.res. 

Piping is tolllJru.)n i.n arid c.:li.m.:ttts where finC:·8J3incd, 
un(;emenual Uoloc::ene•:ige 3lh.1..-iu1n is incised by stream 
drainages (fi&'Ure 6), When enou.gh w;11t.r i.s int roduced, W31Ct 

soaks into the sub:s.urfatc unlil it rt.:1<.:hes ll'l)'CtS lha1 e:in 
conduct the w;1ter to a fr~ faCI.!, 

Piping e.1_11 C.'lu .. se darna.ge lO ro:1ds, bridge$. culvcrL\ and 
aoystructure bui.11 over wi.l.s subjC<.:l t(> 1Ji~)ing. In stcas where 
piping i.s common, roadl> are mOsl freq11t.11lly damaged be· 
c..ausc they oflen parallel s tre am drainages .ind crOSS•Cul 
pipes. Rom.J conwuction can c,:(,nlribu1c h) 1hc piping 1>tol.>­
km by disturbing nalliral runoff and con<.:entr;uing w:i1e1 
along paved surfaocs. which alk,w.s gre3ler infiltration :ind 
potential for pipes to develop. Earthfi.ll struc:lures such as 
dams may also be susoeplible to piping. 

Deposits susceptible lo piping are found throughoul Urnh, 
bul the)' arc particularly common in lbe southe.aslern part or 
the state. Types of material susceptible to piping indude 
fine-grained allu\iurn: weakly cemented, fine-g,aint d rocl: 
(siltstone.. mud-stone. and day-stone), and vok.anic luff ;tn<J 
ash, Moloocne-age allu\fal fill in c:.anyon bouoms ii, lhe 
Colorado Plateau is the most oommon material w.scepeible lO 
1,ipi11g in Ut.ih. Ck,)'31ont: in lhis ;.1rea is lhe ne,a m(X')l lil:c ly 
material to devclOJ> 11ipcs. Outside of tht Color:)dO P-la1c:iu, 
fine-grained m.arl and sill deposited by Lake BoMeville art 
susceptible to piping i.n the western and northern deserts ol 
Utah. ln the Ui.nla Basin, piping caused by the irrigation (>f 
cropland adjaocnt to inc.ised drainages has r~ ulted in t:Xten• 
sivc. damage. 

Oa1nuge c.aused by piping can be reduced by limiting the 
dcg1t:e lo which n;1tural drainage in soil su.s(.:epCible to piping 
is dist u it,e,d b)' con.strucLion. Proper drainage along roads and 
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a.round structures is the most oOSL•effcc:1ive and succc.ss(uJ 
mitigation procedure. 

Sand Dunes 

Dune& are common sutftcial deposits in arid areas where 
sand derived Crom ~'CSlhering Qr rock or uncoo.solidaled 
de.posil.S is blown b)' the wind into mounds or ridges. Dunes, 
form dOWO'-'-ind or 50uroc-arcss v,hicb may contribute a variety 
of different types of wind-blow1, matc,lal. 

lo areas where dcvdopmcnt encroaches on dunes. in.acli\·e 
or w:g.eta1ed dunes ,nay be reaetivaled, allO'Wt.Og them I◊ 
migrate o~, rQ.'lds and bury structures (figure 1), Olher 
problems ioclude burial of sttuctures that were o,iginally 
coa.strvcced 0111.Side of, but near, ac:t.i\'C or migrating dunes; 
.wd C(mtsrnin31ion of loaa) ground water from wastc~1er 
disposal in dunes. The uniform size of the s.tnd gr:iins C()nl· 

prising dunes makes them highly permeable. The line ssnd in 
dunes can nlso clog wa:stew.ttcr disp<)l,;11 sy1>,1enl.~. Gypsiforous 
dunes would be an especially 1>oor wastewate, dispOS.tl 
medium because the)' dissoh'C when v.-cucd. 

In Utah, dunes are comp0sed of three types or materials; 
silica. gyJ'llWm. and oolite.s. SiJ«,.~ (qu.,rtz) make.~ up ap­
pro:Omalely 60 perctnl or Ulah's, dunc.s, gypsum constitutes 
up to 30 peroent or lhe dunes, and 1hc rc1naining 10 percent 
u,e oolitic. 

.. 
-

fli;un- 7, ()(llitk dunon tluf)'ing 11 $lf11c11arc (In Aa1clope l.$l11nd in the 
G~11t Salt Lat~. l'boto bySuu nm; ll« kcr, 

Ba.-.io-fi.11 dep~ ls consisting or a.Uuvia1 and l3custrinc fme 
sand, silt, and day in the ,,,alleys or western Urn.I, are 1be main 
source for silica dunes. The dunes ouc typiC3lty found on the 
west side or lhe mountain ra.n,ges; (cast side or 1hc v:illey) and 
are found from the southern end (>!Tooele :ind Sl:ull Valleys 
to the Escalante Oe.sc.rt north of Entcri,rise. 

Most of the gYJ>SUm found in dunes L~ derived from 
evaporation and cveotu.al Cl')'Stall i1,a1io11 of gypsum mineral<; 
during the seasonal wet ling :ind d.t)'in-3 or J)l:,ya L<tl:e surfaces. 
When these ephemera.I l:l.l:u dry 01.11, sand-size CfY$13li of 
gypsum are m(ro'Cd by the wind and :iccumulste as dun!:$. 
Grpsum dunts are found in g,e.i,tw concen1r31~n in 1be 
Great Salt Lake Desert south and easl of the Bonneville S:ih 
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f lats. They are also found along the Ice side 
o( many playas io Lbe basins west of Delta. 

Oolitic dunes are composed ol calcium 
cstbon:ue, g-enerally precipitated ar(>und a 
11uclc1tSor bri11-e sl,rirnp fecal 1,ellets. Oolites 
fonu in shallow waler near 1he v.11\'C ?.(>ne in 
1erminsl lakci; (for example, Great Sail 
Lake) in northern Ulah, and are exposed as 
lake levels Ructuale. During low lake levels, 
winds rework oolitic beach deposiu into 
dunes. Oolitic dunes arc found only in as­
social ion with oolit ic sand beaches along 
Great Salt Lake and in the Great Salt Late 
Desert where the dunes consist ot reworked 
earl)' Holocene-age beach deposits as­
sociated ..,,ith high k,\·els o( Great Salt Lake. 

l'Aat: 11 

Avoidance of d unu is the best way to 
prevent damage to structures. However, ac­
li\'e dunes usuaJly are a main1enance prob­
lem only :md do not preclude devi.:lopment. Fii;u,t &. SilOOICllc (circvlar llolt in Cblldo..-10 tht rigtu of tht pit) formed by !he 

coQ,.~ ol und~rgtWnd tr1iM wotbnp ia Utl'l~kil4 011ka M>O<Yo $.lit Late City. 
l"llc)l() by W,U. MW,,ey, 

Peat i.~ an unconoolid:11ed dep<l$lt of p:~r1i;illydeoomp0sed 
plan! rcmainl\. Peal usually a«umuhncs in 3re.'IS of sli.tllow 
ground wa.tcr and near !:,landing wa1er whtn: oxygen depltli()n 
limits the rate of decay. Low•lying arc.as and 111oisa: climates 
provide condi1ions oonduci\'C co 1)ea1 formal ion. Plan1 1)ar1s 
are s1iJJ recognizable and make up 2S 1)Crccn1 of 1UO$I pest; 
the rc.111aining 75 pcrecm i.s water. 

Peal has a high water-holding capacity and shrinks and 
o.xidl'les rapidly when drained. Hazards affecting struetutes 
l>uiJl on peat indude rapid oxidi1.atioo and subsidence when 
w:Jh:r is rcmo\'ed: oompression and settlement when loaded 
b)' lltrnct11res; .ind in the longer term, decomposition of or• 
g:lnie ma1erial m11y cause forther subsidence. 

Out 10 a gent:.rally dry climate, peat deposits in Utah are 
\'t,ry locali.:Ged. Peat is fouod in poorly drained arc.as along the 
:;hores of Great Salt Lake. Utah Lake, and in low Meas 
formerly occupied by Lake BonneviUe. J n mountainous areas., 
pc..al common!)' form.,; in poorly dtained deptC:S$iOns behind 
glt1ci:i.l moraines or in the head scaq) areas or la11d\lidcs. 

Peat dc-pns.its should be re moved or a\'oided :i1 eQJl.$1ruc-
tion siccs.. 

Mine Sub.side nee 

Mine ~ubside11cc occurs abo\'C bod1 :·,c1ivc a nd :i~ndontd 
mines in U1:lh. U,nlerg,(>und rock remO\'al IC,JNCS \'Oids th.al, 
if not supported, can cau.-.c. colfa,i,.sc of ()\'er'lyin,g material arid 
suhs.idencc of tl1c ground sutfsce (figure 8). Ul:lb li.'1$ :l long 
history of mining rmd tl1crc are numerous are.'ls wi1b $urfacc 
su~idcncc or sinkholc:s. 0(1(:umcnccd mine subsidence exists 
in the Park Ci1y n1ining disuid (Summit Coun1y) and the 
Tintic mining districc (Juab Coun1y). In bo1b of 1hese atcas, 
sinkholes bavc forincd due 10 oolJaP\C,ofui,dcrgtound work­
ing,,;, damaging structures fo Eureka (Tin1ie mini113 dWriCI), 
and cre..ating.. in one case near Park Ci1y, a sinkhole l4 meters 
( 45 ft) a cross and 427 meters (14<X) ft) deep. Suhs.idc.ncealso 
occurs over Jarscactivc ooal mines in the Book Cliffs(Carbon, 

Emery, and Grand Counties) and along Lbe eastern slope of 
the Wasatch Plateau (Se\tier, Sanpete, and Emery Counties). 
Future risk Crom mine subsidence is reduced by a law th.it 
requires companies to de\i.SC a mining methOO lhat r«!uots 
Lhe potential for surfacesubsidcoce. H subsidence O<:t\111, the 
mine is required to aller mining methods to 1,re,•ent fmditr 
subsidence. l,ists e>f .1b.'~mloned mines and their condit ions 
are •wail.able from tbe Utah Oi\'isiori of Oil, G3S, :md Mining. 

Development in old minio.gdistric1SsJ1ould avoideons11uc­
LKln O\'C.r abandoned working.1 and, if 1>0ssiblc, 1)fa1l$1'hould 
be obl:tincd for mine layouts so as 10 tl\'Oid arc.as pcoae to 
subsidc11cc. 

Sodium Sulfa1e 

Soil wilb a big.It concentration of wa1cr-soluble sulfates arc 
subjce1 10 expansion and oomraction Ute expansive clays. 
Problems issocittted wit It sodium sulfa1e in soil are similar to 
1laose experienced in arC!ls of c-x~l:tnsh-e soil a,1d rock. 

Sodiurn sulfate is de1>0si1cd llfk'.>n C\'aJ)Otation of surface 
w:i,1ers in pl~yas, :md i$ oommori i11 die 8;1.sin :md Range 
Pro\ince of wt.5ttrn Utah. 0 Lher occurrences noc associated 
wilh 1,tay:1.S a,ppe,tr lO be inlroduc«I :,s ai1bornc par1iculates. 
ln some ca.ses the wdium .sulfote is deri,-cd from a l)cdroct 
source such as in Duchesne County where Lhe s..llinc focics of 
the Green River formalion iotr0011ces SOtlilam sulf:llC into 
klca1 sur face 01.11d t,'fOund W3ler, Sodiu1n .sulfotc-rich soil i.~ 
presc:nl in the highfands no,d1 of S1. Geotg.c and in dams 
impoundlU.gstocl. ponds in tht Blue Cret-1:,l·l(>Y,'Cll wa1er$11cd 
in Dox Elder County. Most sodium sulfaLe in 1w:,r1hcrn U1:1l1 
is derivell from fine-gr::iiitcd, dcep-watc,r scdimcn1s left h)• 
L.:i.l:e 8onne.\'iJl.e.. 

MiLigation measures for sodium sulfste-ricb soil.s sre 
:;imiJar lo thOSI.: listed for t xp,t 1tsi\'C soil. 

SUMMARY AND CONCLUSIONS 

Deposits of ptobkm soil and rock are some of the most 
widesprt3d and C06dy g.cologie ba?.ards in U1ah. They CO\'t'r 



approxin:i.:.tely 18 to 20 percent of Lbestateand underlie many 
urb,;,ni~(t ;u-cas. Local and regional geology aod climate are 
tbe m:,i11 faCl(>r$ that inJlucm.:e the distribution o( these 
hazards. 

The two m~t widespread pmbleiM arc cxpansi\•e soil :and 
rock deri,'Cd Crom marine shale, and kars:1 tc.rrain developed 
Crom the di.ssolutioo o( limestooe, dolomite., and ~um. 
Exp.wi,,e soil occurs O\'Cr much o( souLhero Utah and in the 
ctnlral basin areas of western Utah. Limestooe and dolomite 
a.re rou,nl throughout northern and western Utah, witb tbe 
gn::a•~ • concentration in tbe norLheastern part or the state. 
G)'JMifcrous .soil and tock :uc: {;(>mmon in s<>uthwcstero Ulab 
and in the Uinta Basin. Sodium sulfate-rich soil is knO\\o-n to 
oocur throughQut YICS:IC:rn Urn.h. Along the mountain fronlS 
from. Provo s;oulh 10 !he Ariion.-i border, collapsible soils may 
be found in alluvial-Can sediments. 

More locuJlyoccuniog arc the sand dunC$v.i1h a ,•:irie1yor 
compositions found in isolated p:uebcs llu·oughou1 1l1e 
western deserts. Ha.1.ards as;.5()cia1ed with piping•SUS¢t.ptible 
$Oils are found primarily in incised Holooc41e-age :.llu-.ium in 
canyons of eastern Utah. Pest deposits ate found around die 
&bor« of Great Salt Lake and Ucah Lsl:e, and in nl(lunl:'li11 
drnin~es dammed by glacial morai.ncs and landslides. Sub• 
sidcnce due IC) collapse of underg,ouod mine WOl'k.ing,~ has 
occurred in P:1rk Cil)' :ind Eureka. and alxwc active mines in 
lhe Dool: Cliffs and on 1he eastern s lope of the Wasatch 
Pla1eau. 

The majorily or damage to saruccurcs frolll problem soil 
aod rock results from human t1ctivilie$, usually 1hrougb addi• 
tioo of waler or bycxeavation, b<)1h of whicl1 aggr:iv;ue 1X,C(:.n• 
tiaUy unstable condition$. Mrmy urb,<i11i7.cd MC:a.S in the st.ite 
are wscepe.ible lo damage rron1 these ha7.a.rd$. As dc...clop· 
ment encroaches on less sui1able cerrain, damage from prol>­
k: rn soil .ind rock bas increased, a.~ has the need fot awareness 
o( these hazards. 

Most of the hantdscreatcd by these problem soil :md tock 
deposits can be mitigated or avoided iJ !hey ate understood 
:md their .iteal extent is knov.n. Recognizing tba1 problem.soil 
:).n(t r<x:); -.:over parts of the state and laking ptec.<iulions 10 
mi1ig;11c lhC p()teotial hazards can reduce the need for costly 
C'Ofrecci~-e measures after damnge 10 Sl.ructures and road<, ba.'i 
occurred . 
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UTAH'S HOTTEST 

QILPLAY 
UGS imroducC$ clircc newly rckased publitalioos 

rel:l tcd 10 recem major oil di.~O\'eries ict 1he ~c :i.ne 
Creek~ horizontal driliing play of sou1bcaS1cm U1all. 

"CANE CREEK" EXPLORATION PLAY AREA 
(Opc:.n File Reporl 232) 9 plates. 15 pages 
• Eighl 1:500,000 maps and two crosssections; 
• includes Slrut (UJ''C• is.op.1t h, fracture, and show m.aps 
• Report evi,luates oil and gas poc.enti.aJ of the Cane 
Crec-k and other shales o( the Paradox Formation 

PRICE, $20,00 

GEOLOGIC CONSIDERATIONS FOR OIL 
AND GAS DRILLING ON STATE POTASH 

LEASESATCANECREEKANTICLINE 
(Circulat 84) 24 pages 
• Geology and historical drilling near Cane Creek 
• Impact ol recent horiwntal drilling on pola.~h mines 
• State pocash leases, covcri'l$. thousands of acres, 
scbcdulcd 10 be a,•ailablc fot od and gas leasing 
PRICE, $4.00 

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

UTAH 
(Open Fi.Jc Re po,I 2:30) 3 plates.. 73 pag« 
• l :24,000 llltcri.m gooklgic map and tt(IM stctioo 
co-.tring much of lbe Cane Creek anlicline 
• Structural contour 1nap of the IOJ) Qf "salt 5~ in the 
Moal>.$:111 mine 
• Well infotma1i-on which includes Long Can)'()n field 
• 1'J page rcpor1 (>n gcolClg)' of the are, 

PRICE, S3-'i0 
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EARTHQUAKE IN SOUTHERN SALT LAKE VALLEY 
by Gary E. O ,rislcnson 3nd Sus.'1.11 S. Olig 

At 7:42 uu. on Monday, March 16, 1992, Salt Lat e and 
11or1hern Utah Valleys were sh.a.ken by a m.agnitude 4.2 
earthquake. It W3S reported felt from Kays,ille in Oa,is 
County to Otero in nortbero Utah Valle)', and from Brigbton 
in the Wasatch Range to Tooele, west oftbe Oquirrb Moun­
tains (Susan J. Nava and Jim Tingey, ,-erbal conunulUCatioa, 
March 3l. 191J2). Shaking was strongest in the southern Sall 
Lake Valley (Bluffdale. Riverloa, Draper, Sandy), where 
11<:W$ l"CJ>Orts indicated some fo-md:t1ion and building cn,cks, 
sidewalk and ()3ti(> tracks, and at le~t (>nt rt1,0rt or falling 
bricks djslodgcd from a chimney. M0$1 other rt:pQ,tt$ were of 
raiding dishes, swa)'ifl8 or hanging objc.«$,. and rocking m<:>-
1jons. Shaking was o( very shorl duration, and in many c.ases 
was a single jolt. 

The epicenter wns located in the Traverse Mountains near 
Camp WiUiams. Early reports from the U.S. Geological 
Sun-ey's worldv.ideseismie network indicated a magnitude of 
4.8, but later reports from the University of Utah Seismograph 
Stations' (UUSS) local network downgraded the magnitude 
to 4.2. They calculated a focal deptb of l2.3 km (7.7 mi). Jim 
Pechmann and Gerard Schuster al lhe U ni\•ers.il )' of U tab bad 
deployed 10 acoeleromcters in lhe Salt Lake Valle)' lasl fall 
under a 2-yea.r granl from the National Science Foundalion to 
look .1t I-ow.strain (weak) earthquake ground motion in the 
\':illcy. Records from theM: inwumen1s MC being relrieved 
;md a,,aty,...:d, s11d will hopcJully yitld inform:uion regarding 
ground motions in tbe v:illcy. Tite level o( gtound sh.<tl:ing w:1.t 
100 s,n:i.11 m trigger any o( 1be U.S. Gcol()8.ic.1l Sur"VCy ~rong• 
motion instrumenls in lhe \'alley (Ground-s.haki.ngaspccts are 
dlSC-USSCd lulJ>• i.n Susan Ol.ig's article, S11n-ey Nous U !.l). 

Tbere are no mapped Quaternary faults in the c.picentral 
arc.n. Bec-.auseof the relatively great focal deptb, il is J)(IIUible 
th.11 lhC t.1.11.hquake was on the wesHJippi.ng Wasatch faull 
(assuming a fault dip of29 to 35 degrees). lf so. il is neat tbe 
boundary between the Sall La.kc and Ptovo scgmenls o( the 
fauh (see arlides by Chrislc.nson and Hecker in S,uvcy NOlts 
U/J for c,q,l:'tna1ion.~ of the sc,gments). A 1,rtlimin.1.ry (~I 

IA·•ltC'Jn or the eitnhqual(e, «I' 21.W N. 11i-2Ji?' W. 

mechanism determined by1he UUSS indicates normal slip on 
either a northwest-striking plane dipping 38 degree$ wesl or 
a norlh•northwcst--striting plane dipping S6 degrees cast (J.C. 
Pedunann, ,'Clbal oom.municalion, 1992). The v,cst•dipping 
plaoe is<:cmsistcn1 with 1hege-0me1ryo(Lhc Wasatch fault 1.t)fle 
segmenl b<>und:'lry at this loeMion. 

Tiie earthquake W:!1$ generally too small IO expect any 
sig,iifiea.n1 geologic t JTeas other 1han local rock falls and 
strcam-ba11t ca'ting. Urnh Geologkal Survey (UGS) teams 
were dispatched 10 1hc c 1)iccnll'!ll area ...,ithin bnurs o( the 
enr1hqual:e 10 scarcl1 for po.~ible geologic effects.. The 
T ra'l\'.:rse Mou,uai.:is were eon1bcd for rncl: falls, laodslides., 
and ground cracks, while the Jordan Ri\cr and other areas of 
.sbalJowground water were searched for e,idenoeof liquefac­
lion. Nncbins W3$ found, as ,night be expected, but a la.ice 
i.nVC:$lig.fltiQ11 by Kin-un M. Ht.Hy (UGS) of a reseNoir on lhe 
Jordan Ri\'et near 9400 South (20.0 km or l.2.4 mi norlb of 
lhe epicenter) lhal was drained the ruorningofth4.! earthq,ll~l:c 
lurned up poosibk. C\id,e.noe or liquefoccion in freshlycxJ)oscd 
rtsen 'Qir ,!,Wimenl.$, Many small holes, sornc $urroundcd by 
cones or sed.iment (soophoto), \lo-ere found i.11d1cnrg.anj~silty, 
bouorn scdimcn1 (avg, dfam. l cm). Possible origins o( tbcse 
rc:uures include cat1hquakc-induced liqucfnctioa, expulsion 
ofunpped gases, and de-watering of scdinienl following rapid 
drainmg or the reser\'oir. The invcstigalioo ooncluded lhal a 
combination or these processes., including liquefaction, 
probably formed the features. 

Altl1ough ibis was 110t: s larsc or damaging eartbqua.ke, it 
s.bou.ld yield some valuable ground•s.hak:ing info,ruali.oo. It 
nlsoscr,ed as an opporlunity for manyprivale companies and 
government agencies to tesl lheir emerg\:.nC)' rtSpOnse and 
nnc.ilic.ation plans. which v.ill now be te\ised a.nd i1111>rovcd as 
oeoessary. t'"'maU)._ il bas sen-cd as a scndc reminder 10 
e\'Cryonethat we live in earthquake (:(>11ntry, 1hat eartbqu:i.kcs 
oew.r v.ithout warning. aod that W\:. nu,si be prc1):ircd ror 1hc 
inevitable, large, damaging ea.r1.bqu:1ke 1h:i1 \\ill one day hi1 
the W.-sa1ch Front. 
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Jon King. recentJy or lhe W)-oming Geological Sun1ey, has 
acccpccd the posilion of mapping geoklgi.SI. 

Mike [..(m-'¢ was voced in as vice presidenl for Lhe Utah 
Sea ion of 1be ASSO<:i..atio n of Engtne4,:.Tlng Geologists (AEG), 
while Burry So/Otn<>n has become the new president. Both .u-c 
in 1hc Applied Section al UGS. 

Dtm B1trkt: i$1he new secretary for the Applied and Map• 
1,ing Sectionli and replaces D~bbi~ Oi't'mroe wbo has gone 
b;;.d: to 11chool for a le.aching certi.ficate. He was formerly with 
1he S:m Fr~nc~ City/County Archit«tu.re Department. 

Do~i-tl Tol>ct h.;13 acttp1ed the pOOtion of co.ti geologist i.o 
1bc Economic Section, coming to u.s from a b;1c;l:ground of New 
Mexico Burcsu or Mines .\nd Mincr~,I Resources, the ARCO 
Coal Company, and nl0$I rcccmly P<:rtlasl.3.r Sup1>0tt 5(:t\'iCC$. 

Ct:NTEKVILLE CllY COM.MENDS LOWE 

On January2L. 19')2. CenterviUe City presented a Rcsolu­
Lion of Appreciation to the Davis County Commission and 
0.ivis County Public;. Works Departmc.nt for help in appealing 
F'CMJ-\ -desi.gnaled Rood-luu:ard areas in the city. The :ippc3J 
si,gnilicantJy reduced the area.\ identified by FEMA, and con• 
sequenlly reduced oo.•,ts to homeowners., to Ccnlctvillc City, 
and lo Davis Counl)' for flood insurance and flood-ha1.a1d 
mitigation measures.. Mike Lowe, rormc.r Davis Coun1y 
Geologi.sa (J)rt:$Cnlly i.n the Applied Geology Program at the 
UGS) was n.1mcd in the resolution, along with Sidne)' W. 
Smith, Oitcctor, and Scott R. Willianis, Assist:ml Director, of 
the Davis Counly Public Worl:3 Dcp:l.rtment. All were also 
recognized for the help in J)r'C1)ari.ng 1he "Dcbris.-F'low Haiard 
~fitiga1ion Plan fot Cc111ervillc Cit)" published by the Utah 
Oi\•ision of Comptehc,nsi\-e Emcrg-cncy M:ln:).gt-ment. 1n lhe 
pbotogtaph, from lcfl, :i.re 0.1vid A I lales (Cenlcnille City 
Manager), Williams, Smith, and~. 

William Mulvey of the UGS wilJ be perfl,cming ru11bcr 
work for Centerville City th.i.s spring al Lone Pine Canyon, an 
area noc included in the fl:J,.,tA study. The study 'Aili asscs.s 
llcbris,Oow ha:r,;1rds al the ean)'On mouth and will be IL~ by 
the d ly to cvaJunle the need for hauird-reduccion mcasur'C$. 

NEWS 
ATIVOOO IIONOREO 

WITU JOIIN WESLtY P()W£ LL,AWAJU) 

Eadi ye.u- the U.S. Geological Surve:y(USGS) preseotil the 
John Wes.Icy PO'olodl award to persons or groups outside the 
Federal Co,,.ernment for mluntary actions that result in sig­
oificaot gains or imprO\'Cmeots in the efforts o( the USGS to 
ptO\ide •earth scieooe in the publiesenice.~ 

Genevie\'C Atwood, Cormc.r Director of the Utah Geologi• 
cal SUJ'\•ey, recei\,ed the 19')() PowcU .award. lo a leuer from 
Dallas Peck., Director of the USGS, she was cited for several 
significant acwmpl.ishmeot.s. Genevieve played a phuaJ role 
"in the form..u ion or the Utah Sei.s:mic Safety Advisory Council 
( and the) successful complc1ion ( of its 4 yea.rs wotk,) which k:d 
10 the adoption of improved seismic safely policies in Utal1.• 

Her "advice and counsel as a f)3t1icipan1 in (1he USGS} 
v.t)rl:shop.s and as a member of (the USGS) Ear'lhquake Ad· 
visory Panel wen:: or great l>enefi.1 10 tl1e Nation.al E:ird1quske 
Ha7~'1rds Reduetio,, Program: 

He, 'in.an.1gcmcnt ability and scien1ifie leadership" we,e 
vital in guiding the 5-ycar cooperative National Earthquake 
Ha1.tml$ Rcduc1jon Program in Urn.h, whose ambitious gOfl 
was •a.,~ssing e~u1hc1uake h:wArds along the Wasa1eh Fu:>nl 
and translating the results for u.c.e by planners, emergency 
managers., and cnginoers." Utah's exceptionally su«e~c.ful 
program ~has become a model fOJ all lo emuJale.~ It included 
muJtiple trenche.s acros.s the Wasatch fault to determine 
earthquake recurreoce intervals, a County Hazard Gcologi.st 
program, efforts to improve instrumentation along the 
Wasatch Front, efforts 10 get lcgi.c.l.atfoo passed to addtcss 
U1ah's sci.smic risk, and sponsoring annual eatthqu:tl:e 
\\'Ork.c.bops and awards. 

Her 'V~ion and influence" he.11)(:d ichie\•e •·• "close COl• 
bl>oration' between the Uta.h Geologic.al Survey. the Utah 
Division of Comprehensh-e E.mtrt,.otocy Mana.g-ement, I.he 
Univcrsi1y of Utah Sei.smograph Stations. Ut;l.h Slate Univtr• 
sity, and 1he USGS Office ol E.uthquakes. Volcanoes, and 
Engi..-ccring. fostcrin3 efficient and coordina1cll ac1«)ns On 
mlllly fronts.. 

Her overall cffor'IS to "deepen under.sa.i.nding of lhe scien, 
lific and social aspe<:lS of natur11I di3asler redu"ion~ h.;1\'4.: put 
Utah "in an excellent pc)Siiion 10 be :l lc~der <luting the 1990s 
in the ln1erna1ional Dcc.1dc for Natural Di.s.lstcr Reduetion.• 

Wenz.hi Zlr.uo is the nev,-cst Visiti,ig Scientist to the Utah 
Geological Sul"VCy. He comes from China and will be hc.te 
until the end of August working on oil and ga.c, projeccs in the 
Ui.nta Bas.in. Pre\ious Visiting Scientists John Hubcn and 
Guimt.i Ai (from U. of Massachusetts and the Chinn Na1ion• 
;l.l Petroleum Corporation, respect.i\•ely) proved the effic-acy 
ofthe program. 



New Publications of the Utah Geological Survey 

The M,m:11 1992 Publica1Ums Lisi is /,cc on rcqrus/. 

R<x:klww1d gi,idc to mineral ar1d fossil /,x.olities in Utalt, 
comp. by C.H. Stowe:., ?CJ p., 1979, Circular 63 Reprint, $6.00 

Oil umlgus drilli11gin Utah 1989, byT.C. Chidsey, Jr., and 
M.D. Laine, 3l p., 19'Jl, Circular 83 $5.00 

Geological considaa1io,1s for oil a11d gas drilling 011 State 
f)()t11Jh l~u..te1 ut CIJn,: Cruk umiclinc, Grand 011d S,111 Juan 
Cow11ld, Utah, by C.D. Morg:1.n, W.A. Yonkee. ~nd 6,T, 
Tripp, 24 p., 1991, Ci,cular 84 $4.00 

Geologic t!.X<.1'1sim1s in volca110/Q~•: ea.~tem Snake R1\'U 
Plain (Idaho) 011d sowllwtstenr Utah, Geo/ogiGal Society of 
Am~co gµiddwok • PUff Ill, edited by K.D. Gurgel, 1983, 
SS p. (reprint). Special Study61 $6.00 

Quatc:mary geology of lhe Scipio Vulley urea, Millard 011d 
Juab Cow1tt'c.s, U1uli, b)• C.G. O\iau, 16 p., I pl., 1:62,500, 
1992, Special S1udy 79 $6,00 

Pn.wisi(mul ~()/Qgi.c mup of the Lel'un qu"dra11glt~ Juab 
Corm.I)', Uwh, b)' W.LAuby, 13 p ., 2pJ .. 1:24.000. 19'Jl, Map 
135 ss.oo 

Geolog,'c map of 1l1c Ulmpo Junc1Wt1 qi,odrungle, Box 
EJdu Cow11)•, Utalt, by 0 .M . Miller, M.D. Criuendc n Jr., 
andT.E. Jordtm, 17 p., 2 pl., 1:24,000, 1991, M;lJ> 136 $5.00 

Pro1<isi0Jt(I/ geologic map of the Nephi quadrtmgl~, Juab 
W 11nl)', U1alr, by R.F. Bick, 21 p., 2 pi., J:'24,000, 1991, Map 
137 ss.oo 

Geologic mup of the Rtdmo11d Ca,1yo11 quadra11gle. Sa11• 
pctc (Ill(/ s(rl'i('T ea,mtits, U1al1 , by G.C. Willis, 17 p., 2 pl., 
1:24,000, J!)C)L, Map~ SS.00 

Gtt>l()Jfc 1()11~· of not1hcm Utal1, by S.K. Morgan, 98 p., 
F'ebru.11y 19!>1. Miscellaneous Publication 92-1 S6.00 

Nt:111 ~0Arl' Ar ages of inrnuiw rock,; from the Hen,y and 
Lu Sol Moumaim, Utah, byS.T. Nelson, M.T. Hciilt r, 3nd 
LP. Davidson, 24 p .• April 19()2, Mi.-s.cclhmcous Public;:ition 
92-2 $4.50 

Fir!d g11id11 to geologic exr:uniom in U10Ji am/ adjac.em 
'1rcu.rof Ncw1dr1, ldol10, 011d H)'Ol11i11,:,edited by J.R. Wilson, 
481 p., 1992 Misoellaneous Publ.ica1ion 9'2-3 S2S.OO 

Mincrul om/ C'll fl'ID' rcsoorce.s in K(lne Cowtl)', UwJ1 and 
111('/r occ1111tncc with rosp«,t to IVildemtss Study Areas, b)' 
R.E. Bl.1ckeu, C.J. Brandl, T.C. Chidscy, Jr., and C.E. 
Bis.hop, 42 p .. ApriJ l9'J2, Report of Investigation 221 
$3.50 

Eort11q11uke ttspome stra1eg,'r.J for UGS und the eilrth• 
science commu11ity, by G. Atwood, M. Noon:m., \V.F. C.; sc, 
and D. Mabey (updt11ed to December 1991 by G,E. Chris• 
tenson), 31 p., Opcn•FiJe Re~)()rl 115 S2.75 

lnttrim ,:.rolo/,tic map of 1lie Oak City Somh qu,utro.,1gle, 
U1ul1 und Milltud Cot1ntie.s, Uralt. by L.f'. Hint.7.e, I pl., 
1:24,000, Nc)\'ember 19')1, Open-File Report 2 17 Sl.00 

ftOle: mi.p, li" W Al> inltrilll are A} in R vitw a.ttd f►rOth•ctiOa &nJ will 
be R lcescll Q5£inb11«1 ('O)()( INJ')' a, Q latc:rc.ta1e..orb) are mllf16 that will 
0,01 pl'()~ pau l bi5 point l)ltl ,.tlj(li a,c 11()( ritli~ cno,,Jti (Qr lite 

ronaa, mrip ~ tic$. 

b11en'm gf,(J/.ogi.c map of tl1e Sc:ipio South quudra11gi,, 
Millard County, Utah, by L.F. Hintze, 1 J)I., 1~24,000, Novem-
ber 1991., Opera-File Rcpott 2 18 $2.00 

hitetim grologic map of tlte Scipio North quadrw1gle, Mil• 
lurd C.-.-11111); Utah, by l.,._F', M.inlU., I pl., 1:24l~X>, Nc)\'cmbcr 
19'>1, Ope.n,Fi.le Rep0rt 219 $2.00 

lnten'm g«,IQgic mup of tl1c Fool Crc:ck Peuk qumlrungle, 
Juab "nd Ali/lard Cou11ties, Utah, by L.f. Hinczc.. l pl_ 
1:24,000, NO\•cmber 1991, Open-File Rcp0r1 220 $'-00 

lmerfm gt:Ologi.c map Qf the Oak C,'1y NQrth qua,Ira,igte, 
Utah and MU/ard C()umles, Ulul1, l)y LF. Hinl'l.C, 1 J>L, 
1:24,000, NO\-ember 1991, Open-Fi.le Repor1 221 $'-<)(I 

lmetim geol-0gk map of the Sdpi-0 Pan quatba11gle, Mil• 
Jo.,d C0t1nry, Utah, by LF. Hinc:,,e., 11>L, t :14,(XX), NO\-t.mbtr 
1991, Open-File Repon 222 $2.00 

/Jiterim geologic map of tl1e IVillioms Peak quadro,1J;le, 
Juab a11d Millard Cowtties, Utah, by L.F. Hintze., I pl., 
1:24,000, No,.1ember L991, Open~Fi.le Report 223 S2.00 

fntC'rim ~ologic mQp of the Duggins Crct:k qtuulru,We. 
MillurtJ CtJfm.ty, Utah, by L.F. Hiotte. 1 pL, 1:24,000, N0vtm~ 
ber 19'>1, Opt.n•File Repc)rl 224 S2.00 

Interim J;tiologic map of the HQ/de,i qitodrangle, Mllla,d 
County, Uwh, by L F. Hint,..¢, 1 pl., 1:24,000, No\-embc;r 
1991, Open°File Rtp<>r1 225 S2.00 

Interim gc!(J/.ogic map of the Mills quadrongle, Juab Cou111); 
Utah, by LF. H.in1ie, I pl., 1:24,000, No-,.-t.mber 1991, Open~ 
file Report 226 S2.00 

Interim geol01,1c m'1p of the Coffee Peak. quudra11gle~ Mil­
lard Coon~ U1al1, by L.F. Hintze, L pl., 1:24,000, No,-c.mber 
191)1, Opeo-File Rt:.port 227 SZ.00 

Interim geologic mop of the Scipio Lake quadro,1gle, Mil• 
11ml County, U1(l}1, by l,..,F. t-l lDlU::, l pl., l :24,000, No,'Cmbcr 
19!)1, 0J)en•File Rt-J)(>ll 228 $2.00 

lntuim g,r,ol(Jjjc map of t l1c Logtm quatlrangl<, Coche 
Q:111111); Urah, by J.P. E,•ans, J .P. McC.d1,in, and O.C. Hol. 
mes, 59 p., 2 pl., 1:24,000, December 19'>1, Opco-File 
Report ZJ9 S6.70 

lli(erim gcologicmup of l l1e Gold Bar Ca,1)'0/I quadrwiglt, 
Grrmd County, U1aJ1 , b)' H.H. Doelling, W.A. Yonl.:oc., and 
J.S. Hand, 73 p., 3 pl., 1:24,<XX>, December 1991, Open-Fa.le 
Re potl 230 SS.50 

"Cane Cre(•k' explorQtion pluy area, Emery, Grand. a,id 
$011 Ju,m Countia, Uu1l1, by C.D . Morgan. 15 p., 10 pl., 
1500,000, Ma r ch 1992, Open-file Repo rt 232 
$20.00 



l'ACIU1 

lmedm f,tt'Oiogic map of tJ,e Hayes Canyo,1 Q1tadrangie~ 
Sanpete County, Utalt, by David Petersoo, S7 p., 3 pl., 
1:24,000, March 1992, Open-File Rc~lOrt 213 SS.00 

lmedm geologic nwp of the L1u:i11 NW Qufldra11gk, Bo:c 
Elder County, Utal1, by O.M. Miller and C,G, Oviau, 44 p., 
2 pl .. 1:24,000, April 199'2, Opeo-f'ile Reporl 234 
$6.20 

lnterin, gr:ologic map of the K~ Pa.u Quodnmgle, Juob 
Cou1ll)•, Utoh, byM.A.Shub:u andG.E. 01ris1ens<>n, 106p .• 
2 J)L, 1:24,000, AJ)ri.l 1992, 0 1,cn-Filc Rc1>0tt 235 $10.50 

Landslide mop of tlte Solt Lake Cil)• 30' x 6fY quadrangle, 
by K.M. Harty, 17 p., I pl., 1:100,<XX>, May 1992, Open-File 
Report 2.16 $3.50 

Sci.Jmologir:al analysis of fo1u r«.tm mode:rate (ML4,8 to 
5,4) eart.l1quakes i11 Utalt, by J.C. Peebmann, SJ. Nava, and 
WJ. Arab.as.:, 107 p., January L992, Contrac1 Rcpon 92-l 
$8.50 

GOTHIC • gw, oil, find l l1umal history i11teg-utcd code· 
~·ource~odc, user guide~ und sample U1pt1t und 01,tp11t file, b)• 
O.-.\'(. Oeming and D.S. Chapman, 30 p., t disk, 300k b)te, 
J:inuary 1992, Conlract ~c.:-porl 92-2 $4.00 

Ma.V QI Fil)( Ord« To: 

SALES 
Utsh Geological su,vey 
2363 S , Foolhil Orive 
$all Lsko Cl!y, UT 84109-1491 
Ttl-tpho~: (801) 467,7970 
Fax: (801) 467•4070 

GoologyoftheGru.s:sy Trull °"kfidd, Carb(;l,i and Emery 
CountiCJ, Utah, b)' S.J . Lutz and M.L. Allis.on, 36 p., 
fwruary 1992, Cootraa ReJ)(>rl 92·3 $2.75 

The ()rigin ()f gl/J()fl[te win dtp<>Jiu i11 tJ,e Uinta Basin, 
U1oh, by 8. Monson and J. Parnell, 27 p., March 1!)()2. 
Contract Re port 92-4 $2.25 

Uncm•ering Se,•i£r ovotlttust stmcture and potcmiu/ 
l1ydroc,(Jlt,m1 smm:e rock 1uing nwgn~Olellurics, by P. E. 
Wannamaker and J.M. Johnslon. U p,, ApriJ 19CJ2, Con• 
lract Report 92-5 $2,00 

£,1ergy and mineral rtsources of Utuh, odilcd by M .L. 
Allison, (1990 6..:14 lrip), 1991, 222 J), • U1ab Gcol. As.iOC. 
Guidebook 18 SU.00 

Ge-0/ogyof ea,/-(;(!tUrul Utul1, edited byT.C. 01idscy, Jr., 
(l.991 Geld lrip), 19'11. 394 p .• Uta.hGeol. Assoc. Guidebook 
19 $25.00 

Hydro<:ari>on and min~ra/ rm.1urr:es ()/ lhe UlnlQ Btui,r, 
Utah and C()l()f(ldo, edi1cd byT.D. f'oudl, V .F. Nuccio, and 
T.C. atidscy, Jr., (1992 field ttip), 19()2, 366 p., Uu.b Gool 
As.~oc. Guidebook 20 S30.00 (hardbound) 
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BITS AND PIECES 

Augus1 17- 19SE.PM 1992Thc:me: Mee.ling: Meso~.oic:orthe 
Wes1ero lnterior, i.o Fort Collins, CO. Co1uact Frank G. 
Ethridge. Dept. or Earth Rcsour~ Colorado State Uni\1

. , 

Fort Collins, CO 80513. 
Septerobe,r 1 l·l1 Association for Womco Cicoscicntis.ts 

meeting, in Denver. CO. Contact Leslie Landefeld, Barranca 
K.c.sourOC$ (303) 278-1292 

September 22-25 International Symposium on Radon and 
Radon Reduction Technology, in MinneapoJis, MN. Con Lace 
Radon Symposium c/o Conference of Radllltion Control, 205 
Capirnl A,'t.nue, fraot.furt, KY 40001. (502) 227-4543. 

September r,. Oct l American institute ol Pro(essional 
Geologjsts Annual Meeting. in Lake Tahoe, NV. Contact Joa 
Price, AIPC, P.O. 6o.x Ci65, Carson City, NV 89702. (702) 
784-66')1. 

St.J>tembcr JO. Oct 2 National Ground Water Association 
Annual Meeting. io Las Vegas. NV. Contact NGWA, 6375 
Ri\'ttsidc: Dri\'t,., Dublin, 01 143017; (614) 761°1711. 

Oc1obcr 2-9 Associ,uion of 6.ngineeriog Gw logi1,t1, An• 
nu:,I M«:«in~ in Long 6e.,ch, CA. Oe.1<.Uine for submiuals i.s 
~fo)' I 10 ~fa r1i11 L SIOul, ASG Prog,am Chair, Oepe. of 
Geological Science) C:i.lifomis State Univ., LO!i Angdcs, CA 
CXX,32-8203. For the mce1ing.con1a1.1Jobn Byer, Kovaei1•8)'Ct 
Inc:., 11430 Vemurn 8 1\'d., S1udio Cit)', CA 9 1()04. (818) 980· =-October 5. 7 Conrercnce on Risk Assessment/Man.age• 
mc.nt Issues in the Environmc.ntal Planning of Mines. at St. 
Louis. Missouri. Contact SME Moctings at (303) 973--9550. 

October 8- IO Utah Geological Association annual field 
trip, ~engineering and Environ1nc-ntal Geology of South• 
w-c~ern Utah" in SL George., UT. Contact Robert C. Rasely, 
U.S. Dept. or AgricuJturc,Soil Con.scn•:11ionServicc, P.O. Box 
11350,Sall LakeCil)', UT84()92. (801)52A·50".-6. 

Oc1obc.r 17-22 American lilStilutc or Hydrology Con• 
rcrcnce ·1ntcrdisciplin.ary approaches to hydrology a nd 
h)'dtog_cologf in Pott land, OR. Con ta cl AIH,3416 U11i\'t rsi1y 
Ave. SE, Minneapolis, MN 554 14·3328; (612) 379-11)3(). 

October 22-29 Geological Sociccy of America tui.nual meet• 
ing in Cineinnoti, O H. Abs1racts deadline is July 8 10 
Abstracts Coordinator, GSA, 3300 Penrose Pl.ace, P.O. &x 
9 140, Boulde-r, CO 80301. Contact GSA Mec.tiJ1&$ De-part• 
mt.nt, P.O. Sox 9140. Uoulder, C.:O. (303) 447-2020. 

ERRATIJM 
The last issue or Survey Notes p. 14, column 2, pcnul• 

1imste line should ,cad• ... ooracode;sand bra11cl1io1>ods .. ." 
rntbc.r than brachiopod$. A1>ologics. «o Dr. S1c,kcs and all 
e:ruunceans ore in order. 

Th1: I farris mine in the Wah Wah Mountains of Utah is 
t he 0 111)' pl.;·u;e i11 the world where red bcrtl is found• they 
arc 11cstlyalm)'Sgretn, pink, blue, Or ye1Jow(emerak1s and 
aqua1n:irinc arc mcmbersof«be beryl f.t mily). The rc.(ls;'lrt 
1101 red and rarer than rubies. 

Rl!CEN'l' PUBLICATIONS OF "'TEREST 
(nQII IMoilloble {""9 VGS Sol«) 

Earthquakes in U1:1h 18$4-1989, byS.K. Qo1cr, tWJ, U.S. 
Geological S utvC)' Open -File Report 91-0 128, scale 
'J:..i00,000. 

Rates oh.oil dcvelo1)rucnt from r our soil chronoscq uc nccs 
in the southern Great Basin, by J. W. Harden and others., J 91) l, 
Ou.atcnwy Research, \'. 35, p. 383-391). 

Hydrology of Heber and Round Valleys, Wasatch Couoty. 
Utah v.i-Lh cmphar;is on. simulation or grouod-water Row U1 
Heber Valley, by O.M. Roarkaudothers. l?=Jl , Utah Depar1-
ment o( Natural Re.sources l'ec:hnical f'ublicatioo 101, 9'J 1J, 

ls there enough waler for both farms and cities along the 
Wasatch Fron(, Utah Science l.991, published by Utah Staie 
Uni\'. Agricultural E.~pcriment Station. 

The Academy of Natura.I Scicnct.s has juSI 1>ublishcd a 
se'ienty-fn,-c page rc(erence for earth .scieooe cduc.1t◊rs C.Llled 
Rr.souru Guid(t to £'1rtli Scic-,i.cl:f~ .. H explores:. range of earth 
science topi~ and includes numerous activit ies, iUustr::uions 
and rts(>ur<:e sugg~ions. The Ii.rs, prin1itt3 is available !tee 
to WucalCH1 in the earth sciences by wriling 10 1be Academy 
on school leuerhe.',d. Send rcque;s1 I (>: Sc<>H S1cpans.kj, 
Educati(>II Oepa,cmen1, Academy or Namrsl Science.,~ 1900 
Ben Franklin Patlcway, Phib dclpbja PA 19·103-1195. 

USU/SALT LAKE COtn-"TY QUAKE \aOEO 
WINS AWARD 

The Ulah Cha pier or cite American Planning A.~r;oci.ution 
ga,-e an Award ol Merit for lnfonnation Tcchrl()IOgyto lhrcc 
U1ahS1a1e Univers.-il)' (USU) racul1y and l\\'O Salt U kc Coon• 
1y proftwema.ls for thei.r vide0t,·Lpe: 'Earthquake Awa1encss 
and Haurd Mitigation." USU partic:ip.tnlS ~v;re sociologisl 
Gary Mndsen, civi.Jfen,i ronmental e.nginecr Loren Anderson, 
and producer Ste-.-c Soulier from tbe Instructional TcchnOI08Y 
Oepa.rtment. Salt We Coun1y g.eol<>sist Craig Nelson and 
Jerold 8a..me:s. Director or the Salt L:1.ke Counly Pfo nning 
Oi'lisioo, ~trc the Other participants in prtJ):l.ring the video. 

The ZJ•minute ,idoo J)rcs,(;111$ much ,encr:i l inform:ilic,,n 
on earthquake ha1.ard'i as wcU as specific infonnation on 
!1.;11~1.rds in Sall L3ke County. Crc~Jcd as a joint project of 
USU rmd the Sall Lake Coumy Planning DM.r;ion \l.i th grant 
fuodsfrom che U.S. Geological Survey'.s Nalional Eatthquake 
Hawd Redu<:tioo Pr(J(;.ram, the \'ideo's production cosLS ran 
a pprolllmatel)' $6.000 (t)'J)ica.l video programs nm abpul 
SJ,000 per minute). h represent& the ftl'M Joc;al govl!.rnmCnl 
earthquake cducalion ,·ideo in tbc United States. It ~also the 
first collaborative effort to integrate infCH"mation :1bou1 plan· 
ni.ng. geological, e ngi.neering. and sociological ;ts J)Cd.S or 
Wasatch Fronl earthquake h.i.:e.m.ts. ·rhis iml()V3tivc lL'w:: of 
information technology has su<:ceeded in 1ransla1ing complex 
ccchnic:il infortnali<,n int() a n C3$Y·lO•understand formal to 
cduc.11e a nd inform Uiah ci1i1.cns about car1hquakc ha-t.ards 
a nd risk in 1heir own bae.ky:'lrds. 

The video expl.a_ins wt,y cat1hquskcs (>Ccur and wbere they 
occur in 1he wcs1crn UnitcdSiau~$. The program also discu.c.-
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scs pocenti.nl en.rthquake hazards and lhetypesor dam.age lhal 
arc likely to occur. It provides suggestions on rcducing:risks, 
including building to code standards, strengthening existing 
structu1cs, planning and zoning lo control buildiog in high• 
l1.'17~trd 7.0nCS, t1nd prt 1Jarin,g individu.'llly for earthqu.'lkcs. 

By ht lJ)ing people undersa:anc;I earlhquake h.'17~trds, tl1is 
pro3r3m l1c1p$bridge !he g3J> between •wh:u will happen" and 
•whst I can do :i.bou1 it." A bcuer u"dcrstandi.ng by the public 
or the potential impacts posed by earthquake hazards means 
bcucr acccpc.ance and support or natural•hazard ordinances 
and promotion or re.'iponsible land-use poljcies as weU as 
promoting personal prcpared.-cs.s. 

Tbe Salt Lake County Planning Division ((SOI) 468-~l) 
keeps 10 oopie.s of the video a\•ailabJe for free checkout by lhe 
1>ublic. Over 2,.500 vie'A'trs in !he p:~ )'C:3t including local 
gO\'trnmt nl officials, members of oommunily oounci.ls, in• 
di\'iduals ftom school cl.nsscs a1 all education IC\'Cl~ cbu1ch 
groups, and neighborhood organizatioos ha\'C bad an over• 
whclmii1gly J)()Sitive rcs1)onse to tbe video. Interest in 
earthquakes a.nd support fot publiepolicysteps. such a.sbuild• 
ing rode and wntng improvements "'71S found to be surpris• 
in_gly high in a $Urvcy o! Salt t...U:e Coonty r1:-Sidents and 
community lcade~<:onduce:ed as par1 of the proje<:1. B~_usc 
IJt.th his earthquake ha1:ards O\-Cr much or the 31.tte. nOt JUSl 
in Sith t.;·1ke County, Ors. M;idsen ;'tnd Ande rson obl:li11ed 
funds to pr<>dm;e a more generic ,ustOn of 1he video, useful 
i.ncommuoitits throughoul Utah, This vidoo is available from 
the Utah GeologicaJ Survey as Public Information Series 10, 
E;l.rtltcp,:tkc A1,1,';1.rene~ and Risl: Reduction in Urn.h. It$ eost 
isS6.00 plus $2.50 for shipping (Utah rWden~ must ;)lid 6.2.S 
% $."lits lax), 

Tbc money was appropri.:i1cd to the UGS to bcgi11. the 
progrsm. We are commiucd 10 \1/0tk.ing with other agencies 
with .scisn1ic ins:1rumcn1:11ion in Utah such as 1he Un.ivcrsi1yof 
Utah Sci$mogra1>h S1a1ions, tlie U..S. Gcologic:al Survey, tind 
the U.S. Bureau of Redam:uion lO esublish a sa:atc sirong• 
moifof'l col\sottiun1. There i.s :1 good dwucc tlla1 1he state's 
financial oommilment e:111 be lcV(;ra.gcd with 1nMching funds 
from fcder:1.I rmd priw11e sources. 

Unil'Unu Building Codr. 
Usually, the UGS is not .t very eontroversial agen<:y. We 

don't have any regulatory powers but rather provide unbiased 
technical and sctC-ntific information for a variety of USC!'$. So 
we ~re more lh;l.n a lit1le surpri.sed ;it lhe Ol)nt.r()~rsy 
ge.nera1ed bya 1Jropos:il b.1.SCdon our work10 ;I.mend 1be UBC 
10 upg_r;l.c;IC m11ch of the Wasat<:h Fr0t11 from seisiniciorie 3 to 
seismic zone 4. Af1er five )-Cars of inlensi\-e s1udy as par1 of 
the U.S. Geological Survcy's Nations! Earthquake Ha1.ard 
Reduction Prog:,am, much new informa1ion is now a,•ailable 
on c-anhquake gtound sbsking. The 1.ona1ion l)!Ol)()MI 
tcsulced ftom :a UGS cvalus1io11 ofrhe building~oode implie3• 
tions of this new dntn. For more than a )'Cat UGS staff 
prcsemcd nnd explained ouJ conclusions to building officials, 
profc:M.ional groups, and tbc publk. Tbc UBC Commission. 

VOi.iN£ U ,VWIJlUt l 

TEACHER'S CORNER 

by Sandra Eldttdgc, 

There a1c sc\lCNII workshops and rield trips a,11ilable this 
summer ror teacbeu. 

The Mining Education Project. The- National Energy 
Foundation and the Utah Mining Association offer teacher 
workshops through this proje<:t. The eonferenocs tmd 
worksbopg <:ombint fi eld experiences and clawoom ac• 
tivities. For infonnation on the 3-da.y s.ummct conference in 
Sall We Cily. the 2-day summt.r oonfcrenoe in Price, or 1hc 
10-bour faU workshops in Delta and along 1be Was;uclt Fro111, 
contact Oari Soon at Z78-,9117 or Bob Poulson at 539· 1406. 

Volcanoes, deserts, and more • St. George/Cedar Cily 
(sponsored by the Utah GcoJogica.l As:sociatioo), Oo O<:· 
tober 24 and 25 come e)(J)lore ancient w lca.noc:; and dC$Crls, 
and see present landforms in th<: Sl. George-. Snow Canyon 
Stale Park, Cedar City, and Cedar Brtaks areas. Credi1 ( t.O) 
1,1,ill be offered 10 teacherg through 1be Utal1 Museum of 
Nalun.1 His:tocy. Keep 1he.sc elates m:i.rkcd on you1 caJcndaJ 
ror an exciting event, including a catered dutch oven din.nc.r 
in Snow Canyon! Details \I.ill be ad\'ertised later, or l.111 
Sandy Eldredge at the Utah Geological Sur.-cy 467• J'Cno, or 
Deedee O'Brien 111 the Urnb Museum or Natural History 
581·6928 for more information. 

after receiving in1>ut at a wcll•alleudcd public hearing. en• 
dotsed 1he change but decided ta let the final decision go to 
the national body of tls.e l111etna1ional Confcrenoe of Building 
Officials (1C80) which J)ublishes 1hc UBC and bas mote 
cKperience in these issues. Then, in 1be l3.$1 week..,; before the 
n;i_tional mce1i11g. opponen1s S(!ner31cd wide.<1pread appre.hc.n• 
sioo about di.e proJ)(l63I. The U1ah Chapter of the ICBO 
abandoned ilS neutral stance to oome ou1 agains.1 1hc proposed 
change just be.fore the decision was 10 be made. As a res.uh of 
the oootr()'o'trS)' and 1be mixed sign.a.ls C()fning 01.11 of Utah, the 
na.tiooa.1 IC60 voted .-gain.st the proposa). 

Nooe of this changt:ucieotific rtalily, bowt\"Cr. Our inler• 
prctations and c.onclusioo.utand. The Wa.salth front e.xoeed.s 
the minimum criteria for sc.i.:sro.ic 1:cme 4 and the UGS 11..'IS 
fulfilled its duty lo inform lhe appropriate auth()fil~S of 1he 
poc.c:ntial for greater !,.'TOund sbak:i.n,g along 1he Wasatch Fron 1. 
Those responsibk for amending the USC apparently decided 
1h;11 01hcr, non·gcologic conccfl!S or im1>lcme11ti11g seismic 
zone 4 arc mo1·c impor1a.n1 1han dealing wi1b the c1Tec1s of 
pe.-.ter ground sbaki11,g. 

The wes1ern Tr11,,erse Mount,i.ins earthquake is a gcn1lc 
reminder or 1be scis,n.ie danger tbat hang,-. over all of us. I 
believe a.it imp,or1:1.n1 opportunity tostrengthcn at least ou1 nlWi' 
buildings has bee.11 mi&Y;d, and I fear th:31 fumrc gc"cr:UiOO$ 
1,1,ill en~I up paying for this decision• 



l'.t,OF. tl 

CAMERON COVE SUBDIVISION DEBRIS FLOW 
by W.€. M11h-t-y 3nd l\lilce Lowe 

OnSepcember 7, 1991, t1 pproximt11cly8 p.m., a debris Oow 
d:unaged several houses io 1he C:uncron Cove Sulxliv~sion i.n 
North Ogden, Utah. Tbe dcbtis now origi.,,ated ill an un• 
n<1n1ed can)'on in the \Va.<,,atcli Rt1nge northea.<,,t of the sub­
di"ision nnd was triggered by unusually hC3V)' rainfall in the 
Norlh Ogden :ux:a. Over a 24-hour period, r~linfall in 1he MC3 
ranged from 2.S t(>8.4 incl1t:s, $Cllinga nc·w 1,1:ue record for a 
24-hour period (Brendri Graham, National Wc.alher Senioe, 
oral comniun., September 11, 1991). 

OJ(Mt(J h,:ve<:s: ,il;w 1(1 SW, 

R11noff from the storm conctnlr.'lltd in c;:h,i.rmel$ (>11 the 
Lc,wcr Cambr1;m Tiutic Ouart:,jlc (;liff~ al the Jie,.·,d of the 
ulln:uned c:rnyon. During heaY)' r~lin$, th¢$¢ <:h:)nnr;ls oflc.n 
fMm waterfalls, C.'IAf::Hlinssevcral hundted feet 101slus slopes 
below (Bruce Dur1.1clc.-, M:t)'Or, No11h Ogden, or:il commun. 
Sepccmber 9. 1991). The 1.X)l)ct.11lr.:Uion of ht3~)' ruo<>fT ;,,p, 
1•:.ren1ly m-Obilr~cd talus and other debfls along sc.1son.il 
tri l>1.1t.1rych3m1els .it the base of tli~ cliffs. The tributary flows 
moved down Lhe canyon, oombined W1lh Lhe Oow i.n Lbe main 
t.'.h.unnel. ttnd scoured additional nu1tcrial from the channel for 
1he debris flow. The llov.• exited 1he C.'lnyon moulh and 
lnm;led down an alluvial fon for a distance of l,3(X)(eel before 
re;icbing the subdivision. Ooe house wns destroyed, eighl 

othe.n; had consider.:able damage, snd 79 had minor damage 
due 10 the debfls Oow, while flood wa1c.~ dam.'lsed an addi­
tional 640 home:s. 

The debris i.n the Oow w:i.s mostly CO.'l.tse clas1ic maleti.al 
wilh boulders up 10 7 fce1 in dia meter. The matri); maicri.:il 
wa.s a sandy silt, with \'tr)' few org.a.1Lic.s. Silts conccn1ra1ed 
around the homes, wft.ich appa.renll)' slowed the flow ;·md 
ponded debris. 

The estim.:llcd volume <>f m.atetial deposited by the flow is 
Z.6.000 cubic ya.rd$. Ex.'l1nin.at i<>n <>f 1he m:iin and tributary 
channclssho•,w:d th!II 1hedebris fl(>Ylinoorporated mateflal in 
¢1,:1 nncls f1 ()m t be ba.~ ohl1e cliffs to the mouth of the canyon. 
Scout in the main channel a~'Ctaged 5 to 6 feel deep, but in 
plaoe.<,, W3S as much as 17 feel. Much debris remains in the 
channel, 1>rima1ily behind large boulders which act us natural 
d!ims. 

Although a wildfire 
damaged \'egctution on 
slopes in lbe drainage 
basUl be-low the cliffs in 
Au.gust 1990, debris and 
sedimcnl conlribution 
frorn the burned slo()C$ 
wns minor, due to rapid 
r eveget.ation. On 
slopes bekiw the cliffs, 
slos.1C•wash erosK!ri lo• 
c.tlly r{::m()\•ed 1 10 2 in• 
cbcs or soil. Cras.se:s 
were ab!ient in thc!>c 
areas, :ind cobbles mre 
kft standing <>n pcclcs­
tals of soil $urroundcd 
by small rills. 

1 lea.,y 111iofall, Mtep 
topography (spcci.fical• 
ly the cli rrs a l che ...,. ~ ~ 
canyon's head), .i.nd <ln flo11ld-cniffld sooun-dbtdtod,: in th,c dla.nnd 
abundance of av.tila~c ,.;,b uwm: 111"1'.11,isibk UI b11dlgro11m.t. 

channel debris com• 
bined 10 c.'•U-.Se 1he 1991 C.:anieron CO\<e Subdivision debris 
now. Al prt~nl, slrt..l.m channels in 1hc unnsrned C31l)'OII still 
contain debris that oould be m<>bili1.cd and incorporated into 
;mother debri$ now. 1'111.1$ the hai.vd from debri$ llows con• 
tinues. 

I.A:\'CC.S from prt hi.s1oric debris fl{)V,'S 011 1he slllMal fan :u 
tht m<>uth of the can)'On imJic:ne d1:.t 1he reo::t1.1 large debris 
now was not a geologic.dly unusual t ,'(:.nl for this c:inyon, bul 
instead is 1)ar1 <>fan <>ngoirtg alllMal-tan-building procc.<.S. 
Debris nov,<s will likcly()(;(:ur :\g;li11 on 1hi:s fan. Hou.~s remsin 
:it nsk anti :·1 long 1e:rm., pcrm:inent .wt.uion 10 the ptoblem is 
needed. State and kica.l officials are looking :it V3rious :.her• 
11.:Ui\'C$ I(> protect 1he subdivLsio11 from future debris Hows. 
Dcl>ris•flow ha1,ard lll3J)S J)re1>3ted under the UGS-spon• 
sored Cou11t)•Cco101;is1 Progr:·1m arc nowa,·:,.ifable ro, Nor1h 
Ogden ;i_nd much <>f the Wasatch Fr()nt, :md 1bci.c are being 
\L~d I() guide new devclopmenl in hazardous areas.. 



Geologic Projects in Utah 
1991 

t,y Nic~l Ross 

The Geologic Projec,:t& io Utab summary for 19'Jl (all.bough 
a bi1 tale) pro,videsgeoscienti!;u: with infonnatioo on reported 
active or ocarty eompkttd geologic stud.U io the &late. The 
wmmaty coo1aitl$ iafonnation oa: I} Iovcstiga.lor(s), 2) Or• 
g.aniution($), 3) Couacy(ies), 4) Specific geographic or 
geologicarca(s), 5) Typeor 4'-udy, 6) TitLeor cc>ptC ol project, 
and 7) Scale or mapping (tf rcle\-aot). Special searches olt~ 
database can be made on the following fields.: ltl,'CSligator, 
county, t)'J)C of study, and sea.le of mappiag. 

EXPLANATION FOR COUNTY CODES 
Beaver .. . .. .. . .. .. .. • ... .. .. .. BE 
Box Elder . .. .. . .. .. .. . ... .. .. .. . BX 
Cache .. .. . . • •. . .. . .• • . • •. .. .. CA 
Carboa . .. . .. . . . .. .. . • .. .. .. .. . CR 
Daggett . .. . . • •. . .• • .• • . • •• .. .. 0G 
Davis .• . .• .. •• . •• .. •• . .•• .. •• DA 
Duc:hesoe .. • . ••• . .•• . •• . ••• .. •. DU 
Emery .. .. .. • . • .. •• . •• .. •• , ... EM 
Garfield . .. . .. .. .. . • . . • .. .. ... . GA 
Or<U>d . • .. ••.••..• • . •• . ••• .. •• GR 
Iron .. • .. • . ••• .. •• . •• . ••• . . . • I_R 
Juib .. . .. . .. . .. .. . . . . .. .. .... JU 
Kaoe .. • .. ••••• .. •• . •• . ••• ... • KA 
Millard . .. . .. .. .. . .. .. .. .. ... . Ml 
Mo,gao . .. .. . •. . .• • . ••. • .• ... . ,-,10 
Piute . . .. . .. . .. .. . • . .. .. .. ... . Pl 
Rich . .. . .. • . ••• . •• .. . ... • . .. . RI 
SaJt Lake . .. . .. . • . .. .. . . .. .. .. . SL 
San Juao . . .. • • . •• . •. .. . . . . • . .. . SJ 
Sanpete . •. . •. . •• . , •..•. . , •. . , . SA 
St.vies- .. •. . •• . •• . •••.••• . •. ... SE 
Summit . • .. •• . . . . .. .. . . .. .. ... SU 
Tooele . . .. •• . •• . •• . • .. • . • . ... TO 
Uintah . . .. . .. . • . . . .. .. .. .. ... UI 
Utah .. . .. . .. • • . •• . ••• . •• . ... UT 
Wasatch • .. .. . . • . .. .. . . .. .. ... WS 
Washiogtoo . . .. • • . • • . • • . . . • . ... WA 
Wayne . . .. . .. . • .. . .. . . .. . . ... WN 
Weber .. .. . .. •• . ••• . •• . . •. ... WE 
Statewide . .. . • . .. , • . , . . . . . •• , .. SW 

The UGS is beginning to oocnpile lhe 1992 summary and 
would greatly a.pprtci.a.le rccel'ling rcpl.CS ft00t au i.nvcs­
tiga10rs expecting to wor-t io Olah oexa year. PLca~e fill out 
the: information form e.ncloscd i.n this issue of Su.n'Cy Note& 
and mail 10 thc. UGS. The 1992 summary will be publis.bed 
in the next is$uc of Sun,,ey Not.el, therefore please respond as 
S()C)o 8$ J>06$ible. Tbaok you. 

EXPLANATION t'OR 'IYP£ Ot~ STUDY CODES 
Economic Geology: 
a. General .. .. .. .. .. .. .. . . • .. . • EC 
b. Coal .. • • .. •• .. •• .. •• . • • • .. . CO 
c. Geothermal . . • • . . • • • . • • . • • • . . . GO 
d. Mioer.tls • .. •• ..• •• . •• . • .. .. . MO 
c. Petroleum • .. •• ... • ..•• , • .. ... PG 
(. Salines • • .. • • • .... . •• • • .. ... SO 

Enginccri.n3 Oco'°SY ... .. . .. .. .. ... EG 
Environmental Geology . .. . . ••• • • • ... EV 
Geochemistry . . . . . . . • • . . • • . • • . . . . GC 
Geochronology .. .. .. ... . •• . ••• ... GR 
Geologic H:nards .. ... . • . . • .. .. .. . GH 
Geologic Mapping • • ... •• . • • . •• . .. . GM 
OeopbysiC$ •• .. • • ... •• . •• . •• . ... GP 
Hydrogeology ... .. . .•.. •• .. •• ... HO 
t.i.inc,aklgy • • . . . • • . . • • . • • . • . . . . . ~iN 
Pak:olnilgnCUsm . , .... •• .• , .. •• ... P~i 
PakootoJogy: 
a. Uodiferreotiated .. . • •.. •• .. •• .. • PU 
b. Invertebrate . . • .. •• .. •• .. •• , .. Pl 
c. Vertebrate .. •• .. •• .. •• .. • . , . . PV 

Palynology/Paleobotany . •• . . •• .. .. .. . PY 
Petrology . •. .. •• .. • • .. •• . •• . .. . PT 
Ou.ateroary Geology . .. .. .. .. . , .. .. . 00 
ScdiJneotok:,gy .. , • .. •• .. .• .. •• .. • SD 
Stratigraphy .. .. .. .. .. .. ... ••• .. • SR 
Struccural Gcology/TectoniQ .. .... •• .. • ST 
Vokaoology . .. .. .. .. .. ... • •. .. • VO 
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WHERE DID THOSE UGS 
PEOPLE GO? 
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U!ah Goologic.ul Sur"CY moved from Research P.:irk to new offices 
loc.:itcd m 2363S. t-·oochill Orin,Salt Lake City, lTf84109-149 l, ph1>n~ 
(80 I) 4'7-7970. The new focilitie.,; inchldela.rgeroffices. s:iksund li.br:lt)" 
areas. and :inclev:uor for whcelch:Unccess. Visit the new UGS Mond:1y­
Frid:iy 8a.m.-5 p.m. The Sample Library houses 1hccullinll,1 and rorefot 
over4.<XX>drill holes in UL'lh. Fncilitics :i.rem 4060 S. SOO W.14, phon~ 
(801)266-351.2. 

- ! ~ 
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New UGR Guidebook Ruailable 

ltydro..-.,rl>on und Mim:rnl Rcsourt~ oflhe Uinta llasio, Utnh 
:md Cqh)r-;ido, 1992 Sp.:ci:11 SymJ>U!,ium Guidebook 20 i.s now :.wtul­
:ihk for s:1le :,t 1t,e U1:;ih G,:;olOg,te.ll Sun•i.:y. lllis publie~1tio11 w~ .l 
highlight ol 1hc reccn1 B11,c::iu of Indian Affair'$ l)i.n13 B:isin Synlp()Sium 
in Vl-rn:ll. Ulnh. T(l)ics coveted in the guu;lel)ook include: l ..r(IJint ()j 
Alloucd Propr,tfrstJj llit' UmraJ, orul Ou11Jy Rr$en a11on: II()-.. tiJSt't11N 
a Mm.-rol Al'e t'JJ A,tr1•M11'11t mu/ IUfhl•Qf•Wt1yfor 1hr Oe~·dopnu.·111 iJ,{ (In 
lmlla11 O,I am/ G"J l.,,ta:1e Qn tltr Uintah cmd Ouwy l11di.tm lfr!>rnt1ti1>11, 
Utah, Oil (Int/ Gm in Ut11J('rrtW,\1 CrcfllCc'Qt,S (UI(/ frrtiury N0<k. Uillf(I 
811,\111, Ut(lh . 011 ~ll<JI(' Ht'WUffO of lht· Uintah 1.111d Ouray l11di(m 
fic-Jr1 rt1tim1, Uintll 111.1~·111. ond Ilic UGA Eas1r1·11 Uinta Basin Fidd Trip. 
The guidcb(l(1li. was OOi1cd by n ,omas D. J"uutl1. Vito r-·. Nuccio. and 
it10111~is C. Chid~y. and the wver illustration was produced b)' Kesslcy 
UIRo,i,.; ;1Jld l!m~1 L. Welsh. llie wumcrs uf the BIA•Sll(JOSCX'Cd 1mer 
llesi!!u con1cs1, with the cvvcrdcs111:n by P'Jlh MaO:wrn of Ilic UCS. TI1is 
3(,6,p.:,gc h:m.M,ound tlUldel'OOk IS S30 and ~-...111 l,c Onlereid by filling Oul 
111v OrJ..r f'1)11n on 1x:1ge 22of llus LS>OC of Sunry NQtrs. 
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