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RJRIa)E AND SOOPE 

In response to a request fran Paul E. Pratt of the Division of state Iands 
arrl Forestry, an inventory of geolCXJic hazards for state lams in the Bear 
River Rarge Plarmi.n;J Unit in cache arrl Rich Counties was CCIlpiled by the utah 
GeoICXJical arrl Mineral SUI.Vey. 'l11e infonnation is needed by the Division for 
use in develqment of a general manageroont plan for the Franklin Basin an:! 
scattered Trust lands Management Areas (fig. 1). All infonnation CCIlpiled in 
this inventory is taken fran p.lblished arrl unp.tblished sources, an:! tqx:)graphic 
maps. No field work or air Ptoto analysis was perfonned. 'l11e inventory 
consists of a table of data (table 1) with aocarpanyirg explanatory text. 'l11e 
table represents a TownshipjRange, section by section CCIlpilation of possible 
hazards, arrl is keyed to sections sham in figures 1 arrl 2. 'l11e text contains 
a ll'O:re detailed description of possible geolCXJic hazards. sane hazams are 
present in nearly all larrl parcels an:! are djscussed in the text rather than 
canpiled in the table. '!he hazards ooted for each section may be present based 
on the results of this review, but all data are subject to revision based on 
site-specific investigations. 'lhe:refo:re, this inventory is p:relilninary an:! is 
interded to be used for general plannin;J p.rrposes only. 

GEOIOGIC HAZAROO 

'l11e principal geolCXJic hazards considered in this inventory inclu:ie slope 
stability (mainly nx:kfall), floc:xli.Tg, seismic activity (surface fault rupture, 
grourx:l sbak.i.r¥;J), arrl grourx:l subsidence. other hazams, such as g:rourrl failure 
acxx:mpanyirg seismic sbak.i.r¥;J arrl poor foorXlation corxlitions are disoJSSeci, but 
!'X)t, included in a site-by-site hazard assessment because they require site
specific infonnation to p:nm.ct. However, they shruld be considered in any 
detailed hazards assessment of the parcels. 

Slope Failure 

Slope failures are a potential hazard in the study area, arrl incllXle 
chiefly nx:kfalls, rock slides, an:! shallow debris slides arrl slips. Several 
lamslides have ocx::u:r:red within sarrlstone an:! c:x:n;Jlanerate rocks of the Wasatch 
Fonnation, arrl in the Brigham Fonnation (fonnerly knorm as Brigham ~ite) 
alorg the eastern foothills of the Bear River Rarge (Kaliser, 1972). Nulneroos 
large lamslides, nostly debris slips, have been mawed in these geolCXJic mrlts 
in the Bear River Rarge by DeGraff (1976). Rockfalls an:! rock toQ;>les 'Were not 
incllXled in the study. '!he JDaR'E!d area incllXles the western half of the Bear 
River Rarge Plannin:J Unit, with the east:errnoost mawed :ba.lrDary extenting north
south through the center of Rarge 4 E. landslides oocur primarily alorq the 
western nnmtain front of the Bear River Rarge, arrl on steep slopes alorg major 
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Figure 2. General geologic map of the Franklin Basin Management Area 
(Williams, 1958) . 
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canyons, includi.rg logan Canyon, Fast Canyon, an::i Blacksmith Fork Canyon ani 
its tributaries left HaM Fork ani Sheep creek. (DeGraff, 1976). None of the 
mapped lamslides occurs within parcels of the Franklin Basin or Scattered 
Trust l.arrjs Managenv:mt Areas. However, the scale of aerial photography used to 
map lamslides prohibited identification of slides less than one acre in size. 
In addition, IOOSt of the slides were ~ usirg 1968 aerial photography, ani 
thus lamslides that have cx:x::urred within the last 19 years are not shown. DIe 
to the predaninance of generally cx::mpetent rocks an::i steep slopes in the 
managenv:mt areas, the IOOSt prc:bable slcpe failure hazani is :fran rock or debris 
falls an::i slides, an::i the potential for these hazards oocurrirg is marked in 
every parcel on the geologic hazanis irwentory (table 1). 

DIe to adequate precipitation, steep slopes, an::i acx:umulations of hil1slcpe 
talus, the possibility for initiation of debris flows in the plannirg unit is 
considered good. However, the greatest hazani posed by this type of slcpe 
failure is mainly in downstream runout areas near canyon IOOUths, where water
lOObilized debris is generally deposited. None of the parcels lie in these m::>St 
hazanious areas. Debris flows may be initiated alC>n'1 arry steep canyon in the 
plannirg unit, but this hazard is not assessed on a site-specific basis nor 
considered separately fran the rockfall hazanis marked on the irwentory 
canpilation (table 1). Snow avalanches may be a hazani on an::i below steep 
slopes in the study units an::i information on this hazani may be obtained fran 
the utah Avalanche Forecast Center. 

Seismic Hazards 

Most earthquakes in utah cxx:ur within the Int:ernnmtai.n Seismic Belt (ISB) , 
which tren:is rooghly north-sazth thrrugh the center of the state. '!he Bear 
River Ran;Je Plannirg unit lies in the ISB, and has been seismically active 
durirg historical tine (fig. 3). '!he IOOSt widespread hazani associated with 
earthquakes is groun:l sha.ki.rg. '!he unifonn Buildirg Code places the Bear River 
Ran;Je Plannirg unit in seismic ZCt1e 3, inticatirg the potential for major 
damage an::i a maxilmlm M::xiified Mercalli (MM) intensity of VIII (see MM intensity 
scale, awerxlix). '!he utah Seismic Safety Advisory Cooncil (1979) places the 
sb.x1y region in seismic zones 3 ani 4, with zone 4 includirg IOOSt of the 
Franklin Basin Manage.nv:mt Area and awroximately one half of the Scattered 
Trust l.arrjs. since 1850, five earthquakes of magnitudes 4.0 or greater have 
cx:x::urred within the vicinity of the Bear River Ran;Je Plannirg unit (Arabasz and 
Smith, 1979). '!he two largest of these, the Bear Lake Valley and Richn:orrl 
earthquakes, cx:x::urred within 12 ani 8 miles respectively of parcels in the 
plannirg unit. '!he 1884 Bear Lake Valley eart:hquake had an estimated magnitude 
of 6.0 and maxilmlm MM intensity of VIII. '!he 1962 Richn:orrl eart:hquake 
registered a magnitude of 5.7 ani had an estimated MM intensity of VII (Arabasz 
and Smith, 1979). In 1966, a 4.6 magnitude eart:hquake cx:x::urred within the Bear 
River Ran:Je Plannirg unit, with the epicenter located awroximate1y one half 
mile north-northwest of the Scattered Trust l.arrjs parcel in T. 11 N., R. 3 E., 
section 36 (Arabasz an::i others, 1979). '!he Bear River Ran;Je Plannirg unit is 
subject to groun:l sha.ki.rg fran earthquakes oocurrirg rutside as W'el.l as within 
the Bear River Ran;Je. 

In the Bear River Ran;Je Plannirg unit, grcmrl sha.ki.rg associated with large 
earthquakes may cause other hazanis, such as slcpe failures ani soil 
liquefaction. Of particular concern is the potential for rockfall an:l rock 
slide initiation. Keefer (1984) detennined the minimum Richter magnitude 



Figure 3. Earthquake epicenter map for the northern Utah vicinity 
for period 1962-June 1978 (Smith and others, 1979). 
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needed to initiate these types of slqle failures is a 4.0. Rockfalls and rock 
slides were reported during the 1962 Rictuoorn earthquake. Rock slunps and rock 
blcx:::k slides can occur during a 5.0 magnitude earthquake, and a 6.0 magnitude 
shcx:::k is needed to initiate rock avalanches (Keefer, 1984). Soil liquefaction 
occurs when earthquake g:room sha1ti.rg causes certain types of soils (especially 
saturated sarrls and silty sands) to lose strergth and liquefy due to increased 
po:re-water pressures. corrlitions neoessazy to i.ndu.c:s liquefaction include 
earthquakes of magnitudes 5.0 or larger (Kuribayashi and Tatsuoka, 1975; Youd, 
1977), and grourrl water within about 30 feet of the grounj. surface (Youel and 
others, 1978). In the plarming tmit, the necessary shallOW' grourxl water and 
soil conlitions likely exist mainly alon:J flood. plains of larger rivers and 
streams. 'lbis hazard was not assessed in the parcel inventozy because it 
requires site-specific investigation. '!he grourxl sha1ti.rg hazard is considered 
present in all parcels, although the intensity of the sha1ti.rg is depenjent on 
soil and rock corrlitions and proximity to the earthquake epicenter. 

Another hazard related to seismic activity is surface fault rupture. 
Dlring large earthquakes, the ground surface t:enjs to rupture alon} established 
planes of weakness, or faults. To the west of the Bear River Range Planning 
Unit, the Wasatch and East cache Valley fault zones are believed capable of 
generating earthquakes of Richter magnitude 7.0 or larger (Cluff and others, 
1974; Algermissen and others, 1983) that may cause severe grourxl shaking in the 
Bear River Range. Geologic evidence suggests that the closest of these faults, 
the East cache Valley fault, has experieJ.'109d at least two surface faulting 
events since lake Bonneville time (15,000 to 14,000 yr B.P. [before present]) 
(Cluff and others, 1974; swan and others, 1983: M::Calpin, 1987), with the IOOSt 
recent event prd:>ably occurring prior to 6,000 to 8,000 yr B.P. (swan and 
others, 1983). 

To the east of the Bear River Rarge Plarming Unit, the Bear lake fault zone 
traverses north-sooth alcn;J the east side of Bear lake, and exhibits geologic 
and geaoor.ptic evidence of recent faulting (Kaliser, 1972; Anderson and Miller, 
1979; Hecker, 1987). Based on a preliminary field :reoonnaissance, the age of 
last lIDVement on this fault is estimated to be between late Pleistocene and 
early Holc::x:.s"lle time (awroximate1y 150,000 to 8,000 yr B.P.) (A.J. Crone, U.S. 
Geological survey, oral oamun., Ma.rdl 1987). 

'1he:re are three, down-to-~ oonnal faults in the vicinity of the Bear 
River Range Plarming Unit that are suspected of having experieJ.'109d surface 
rupture within late ()laternary time (awroximate1y < 500,000 yr B.P.) (Sullivan 
and others, 1986; J.T. Sullivan, U.S. aJreau of Reclamatioo, oral cxmmm., 
September 1987). One of these traverses generally north-sooth thra.lgh the 
Franklin Basin Management Area (figs. 1 and 2), and the others trerrl northeast
southwest between parcels of the scattered Trust I..arrls (fig. 1). '!he "Franklin 
Basin" fault is the only one of the three faults that has been previously 
identified on geologic maps (Williams, 1958; stokes and Madsen, 1961), but all 
have only recently been identified by Sullivan and others (1986) as being 
possibly active. Using air Jiloto analysis, Sullivan and others (1986) have 
preliminarily identified fault escarptents juxtaposing Quaternary-age materials 
against older rocks, and fault scarps cu.t:tin} Quaternary deposits (J. T. 
Sullivan, oral ca.tm.m., september 1987). However, additional investigation and 
field d1ecking are needed to SUWOrt these cb;ervations. For the geologic 
hazards inventozy, surface fault rupture hazard is designated within parcels 
crossed by the fault traversinJ the Franklin Basin Management Area (table 1, 
fig. 2). 



A number of lam parcels may be subject to oveJ:bank floodi.nJ from 
rainstonns am seasonal snowmelt, or flash-flc:x:xtirq durirg severe rainstonns. 
For the irwento:ry, the potential for flood hazard was noted only in parcels 
oontai.ninJ a lal:ge perermial river or perermial tributa:ry to a major river 
(table 1). For the Franklin Basin Management Area, these include the Logan 
River, Beaver Creek, am White pine Creek. For the Scattered Trust Iarrls 
Management Area, these include Rock Creek am Sheep Creek. 'lhese rivers am 
creeks may also seIVe as c:::orrluits for debris flows initiated alorq canyon walls 
of these or tri.butary channels. Flash flc:x:xtirq may also c:xx:ur in the rnnnerous 
intennittent creeks contained in the parcels, but this should be evaluated on a 
si~ific basis. 

SUbsidence 

SUbsidence of the grourxl surface is a pXential geologic hazard. in many 
areas of the Bear River Range Planni.n;J Unit, particularly in the Franklin Basin 
Management Area. Limestones of the Garden city geologic unit are especially 
prone to developnent of karst features, includiD;J sinkholes am closed 
depressions, due to the dissolution of calcimn cartx>nate by infiltratirg 
precipitation am grourxl water. '!he fonnation of urrlergrourrl drainage channels 
am caves, am subsequent c:ollapse of these features is also a possibility, but 
this has not been documented to date. LiInestone units of the Blcx::mirgt:on 
Fonnation are also susceptible to the fonnation of subsidence features; the 
well-known "Peter Sinks" am associated large sinkholes are located alorq the 
eastern am sart:heast:ezn margins of Franklin Basin parcels in T. 14 N., 
R. 4 E. Numerals sinkholes are located in the portion of laketown Ik>lanite 
that crops out alorq the soothwest.em border of the Franklin Basin Management 
Area (fig. 2). within the management area, sinkholes are fOl.1l'rl in this 
fonnation only in T. 14 N., R. 3 E., section 31. For the irwento:ry, all 
parcels oontainirg rutcrops of Garden City LiInestone, Blcx::mirgt:on Fonnation, or 
laketown Ik>lanite are considered prone to subsidence hazards, am rutcrops of 
these rocks are highlighted on the Franklin Basin Management Area geologic map 
(fig. 2). Also noted on the invento:ry (table 1) are parcels in \tthl.ch 
subsidence-related features exist. 'lhese include sinkholes, closed 
depressions, am lakes believed to have formed by solution am c:ollapse. Many 
of the cambrian-age rock fonnations in the planni.n;J unit contain soluble 
l:imestone am dolanite, but these are not marked on the invento:ry due to a lack 
of surficial subsidence features on t:qx:'Jgl:apric maps. 

RlJNI:lM'IOO' cnIDITIOO'S 

BuildiD;J fOl.ln3ation c:orxlitions are generally considered poor in the Bear 
River Rarqe Planni.n;J Unit, due to steep slq>es am shallow bedrock. Excavation 
difficulty is likely, due to shallow or c:utcrowirg bedrock, am coarse clasts 
on the surface or near surface. In addition, there is a IOOderate to severe 
limitation for cxmstructirg septic tanks am sewage lagoons, due mainly to 
slope c:on:titions am depths to bedrock (Erickson am Mortensen, 1974). Septic 
tank contamination of grourrl water is a possibility due to the aburrlant 
linestone am dolanite rock fonnations in the management areas. For the 
pn:pose of this irwento:ry, fOl.ln3ation corrlitions are considered poor, but soil 
irwestigations should be c:orxiucted to detennine specific site suitabilities. 



'!he available p.1blished information permits only a limited geologic hazaros 
evaluation. Geologic hazaros ma.J.:l>irg has generally not been c::arpleted in the 
Bear River Ran;Je, am the analysis is based on inteJ:pretations fran 7 1/2 
minute tq>ograpric qua.dran:Jles, a 1: 126,720 geologic map of cache county 
(Williams, 1958), am a geologic map of northern Ridl county (Ridlardson, 
1941) • other sources either ooverirg small areas or of limited awlicability 
are available am sane are included in the list of references. '!his inventory 
lists the possible existence of the major hazaros CXIlI1al in utah, but does not 
included all possible hazaros am does not insure that those listed ocx::ur. A 
site-specific field investigation is :recx:mnerXied to detennine which, if any, of 
the possible geologic hazaros is actually present. 

References cited 

Algennissen, S.T., Askew, B.L., '1henhaus, P.c., Perkins, D.M., Hanson, 5., am 
Berrler, B. L., 1983, Seismic energy release am hazard estimation in the 
Basin am Ran:]e Province: u.s. Geological SUr.vey Open-File Report 83-358, 
13 p. 

Arrlerson, L.W., am Miller, D.G., 1979, QuateJ:na:ry fault map of utah: Fugro, 
Inc., Long Beach, california, 35 p. 

Arabasz, W.J., am Smith, R.B., 1979, Introduction: What you've always wanted 
to :knc1N abcut earthquakes in utah, in Arabasz, W.J., Smith, R.B., am 
Richins, W.O., (eds.), Earthquake sb.:dies in utah, 1850 to 1978: Salt rake 
City, university of utah Seisloograpl statioos, Department of Geology am 
Geqilysics, p. 1-14. 

Arabasz, W.J., Smith, R.B., am Richins, W.O., editors, 1979, Earthquake 
studies in utah, 1850 to 1978: Salt rake City, University of utah 
SeisnDgraph stations, Department of Geology am Geq;nysics, 552 p. 

Cluff, L.S. I Glass, C.E., am Brogan, G.E., 1974, Investigation am evaluation 
of the Wasatch fault north of Brigham City am cadle Valley faults, utah 
am Idaho; a guide to lam-use planni:n;I with :recaruerrlations for seismic 
safety: Woodward-l.l.lID]ren am Associates urplblished report for U.S. 
Geological SUr.vey, 147 p. 

DeGraff, J.V., 1976, QuateJ:na:ry gecm::>rp1i.c features of the Bear River Rarr:Je, 
north-oentral utah: Master's thesis, utah state University, 199 p. 

Erickson, A.J., am M::>rtensen, V.L., 1974, Soil SUr.vey of cache Valley area, 
utah, parts of cadle am Box Elder Counties: U.s. Soil COnseJ:vation Service 
am U. S. Forest Service in c::x,x:,peration with utah Agricultural Experinent 
station, 192 p. 

Hecker, suzanne, 1987, July 1 am 2 reconnaissance of Bear lake fault by 
SUzanne Hecker am Gazy O1ristenson: utah Geological am Mineral SUr.vey 
urplblished Inefl¥)rarmnn, 3 p. 



Kaliser, B.N., 1972, Envirormlental. geology of Bear lake area, Rich Co\mty, 
utah: utah GeolCXJical am MineralCXJical Smvey Bulletin 96, 32 p. 

Kuribayashi, Eiichi, am Tatsuoka, F\Dnio, 1975, Brief review of liquefaction 
duri.rg earthquakes in Japan: Soils am Four:rla.tions, v. 15, no. 4, p. 81-92. 

~pin, James, 1987, Quaternary defonnation alon:J the East cache fault, north
central utah [abs.]: GeolCXJical Society of America Abstracts with Programs 
1987, v. 19, no. 5, p. 320. 

Richardson, G.B., 1941, Geologic map am sections of the RarXlolIb Quadrangle, 
utah-wyan:iIg: plate 1 in U.S. GeolCXJical SUrvey Bulletin 923, scale 
1:125,000. 

Smith, R.B., Zan:lt, G., am GajSP..r, J.E., 1979, A feasibility study of 
earthquake prediction usi.rg tenp:>ral variations in seismic velocity alon] 
the Wasatch Front fran quarry-blast, in Arabasz, W.J., Smith, R.B., am 
Richins, W.D. (eds.), Earthquake studies in utah, 1850 to 1978: Salt lake 
City, University of utah Seisroograpl stations, Department of Geology am 
Geophysics, p. 287-319. 

stokes, W.L., am Madsen, J .H. Jr., oarpilers, 1961, GeolCXJic map of utah, 
northeast quarter, scale 1: 250,000. 

Sullivan, J.T., Nelson, A.R., laforge, R.C., WOOd, C.K., am Hansen, R.A., 
1986, Final draft, regional seisnDtectonic study for the back valleys of 
the Wasatch Mountains in nort:heast:e.n1 utah: U.S. D.lreau of Reclamation 
unp.lblished :report, 317 p. 

Swan, F.H., III, Hanson, K.L., Schwartz, D.P., am Black, J.H. 1983, 
SbJdy of earthquake ~ intervals on the Wasatch fault, utah, 
Woodward-clyde Consultants 8th Semi-Annual Technical Report prepared for 
U.S. GeolCXJical SUrvey, Contract No. 14-08-0001-19842, 36 p. 

utah Seismic Safety AdvisoJ:Y cnmcil, 1979, Seismic zones for OOl'lStnlction in 
utah: J"):!]hert B. Ward, Executive Director, 13 p. 

Williams, J.S., 1958, Geologic atlas of utah, cache Co\mty: utah GeolCXJical 
am MineralCXJical SUrvey Bulletin 64, 104 p. 

Yrud, T. L., 1977, Discussion of "Brief review of liquefaction duri.rg 
earthquakes in Japan" by R\Jribayashi, Eiichi, am Tatsuoka, F\Dnio, 1975: 
Soils am FOUl"rlations, v. 17, no. 1, p. 82-85. 

Yrud, T.L., Tinsley, J.C., Perkins, D.M., Kl.rg, E.J., am Preston, R.F., 1978, 
Liquefaction potential map of the san Fernardo Valley, california: 
Proceec:lirgs of the Secorxi International Conf~ on Microzonation for 
Safer Construction Research am 19)1ication, P. 267-278. 



APPENDIX 



"ODIFIED "ERCALLI INTENSITY SCALE OF 1931 
(Abridged) 

I. Not felt except by a very few under especially favorable 
circumstances. 

II. Felt only by a few persons at rest, especially on upper floors 
of buildings. Delicately suspended objects may swing. 

III. Felt quite noticeably indoors, especially on upper floors of 
buildings, but many people do not recognize it as an 
earthquake. Standing motor cars may rock slightly. Vibration 
like passing of truck. Duration estimated. 

IV. During the day felt indoors by many, outdoors by few. At night 
some awakened. Dishes, windows, doors disturbed; walls made 
cracking sound. Sensation like heavy truck striking building; 
standing motor cars rocked noticeably. 

V. Felt by nearly everyone; many awakened. Some dishes, windows, 
etc., broken; a few instances of cracked plaster; unstable 
objects overturned. Disturbance of trees, poles, and other tall 
objects sometimes noticed. Pendulum clocks may stop. 

VI. Felt by all; many frightened and run outdoors. Some heavy 
furniture moved; a few instances of fallen plaster or damaged 
chimneys. Damage slight. 

VII. Everybody runs outdoors. Damage negligible 
design and construction; slight to moderate 
ordinary structures; considerable in poorly 
designed structures; some chimneys broken. 
driving motor cars. 

in buildings of good 
in well-built 
built or badly 
Noticed by persons 

VIII. Damage slight in specially designed structures; considerable in 
ordinary substantial buildings with partial collapse; great in 
poorly built structures. Panel walls thrown out of frame 
structures. Fall of chimneys, factory stacks, columns, 
monuments, walls. Heavy furniture overturned. Sand and mud 
ejected in small amounts. Changes in well water. Persons 
driving motor cars disturbed. 

IX. Damage considerable in specially designed structures; well 
designed frame structures thrown out of plume; great in 
substantial buildings, with partial collapse. Buildings shifted 
off foundations. Ground cracked conspicuously. Underground 
pipes broken. 

X. Some well-built wooden structures destroyed; most masonry and 
frame structures destroyed with foundations; ground badly 
cracked. Rails bent. Landslides considerable from river banks 
and steep slopes. Shifted sand and mud. Water splashed 
(slopped) over banks. 

XI. Few, if any structures (masonry) remain standing. Bridges 
destroyed. Broad fissures in ground. Underground pipelines 
completely out of service. Earth slumps and land slips in soft 
ground. Rails bent greatly. 

XII. Damage total. Waves seen on ground surfaces. Lines of sight 
and level distorted. Objects thrown upward into the air. 




