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SUMMARY 

This r e p o r t  presents the  r e s u l t s  o f  a seismotectonic study f o r  Mona Dam, 
Central Utah Pro jec t ,  Utah. The dam i s  loca ted  w i t h i n  the  I S B  ( Intermountain 
seismic b e l t )  near the  eastern margin o f  the  Basin and Range Province ( f i g .  
1). Physiography, nor th - t rend ing  l a t e  Cenozoic and l a t e  Quaternary f a u l t  
pat terns,  and geolog ic  and seismologic s tud ies  o f  h i s t o r i c a l  earthquakes show 
tha t  t h e  e v o l u t i o n  o f  t h i s  r eg ion  has been dominated by genera l l y  east-west 
c rus ta l  extension. Mona dam i s  loca ted  on Long Ridge, a n o r t h  and northeast-  
t rend ing range b lock about 6 km from the Wasatch f a u l t  and the  r e s e r v o i r  
occupies a p o r t i o n  o f  t h e  ad jacent  topographic and s t r u c t u r a l  bas in  c a l l e d  
Juab Val ley .  No f a u l t s  are mapped i n  the  Eocene vo lcan ic  rocks w i t h i n  t he  
foundat ion o f  t he  proposed dam, b u t  l a t e  Quaternary f a u l t s  are i n f e r r e d  on 
the margins o f  Long Ridge. The Juab Va l l ey  f a u l t  on the  east  s ide o f  Long 
Ridge i s  i n f e r r e d  beneath Mona Reservoir,  a few hundred meters upstream of 
the dam. 

Seismotectonic hazards t o  Mona Dam inc lude:  ground shaking from seismic 
sources near t he  dam, sur face  displacements i n  t he  rese rvo i r ,  and r e s e r v o i r  
seiche waves generated by t h e  combination o f  sur face displacements i n  the  
r e s e r v o i r  and t i l t  o f  t he  r e s e r v o i r  surface. The most l i k e l y  sources f o r  
earthquakes i n  t h e  v i c i n i t y  o f  Mona Dam are the  Wasatch f a u l t  w i t h  an MCE o f  
7 1/2 a t  a d is tance  o f  3 t o  6 km and a l o c a l  earthquake o f  magnitude 6 t o  6 
1/2 i n  the  immediate v i c i n i t y  o f  the  dam. Other l a t e  Quaternary f a u l t s  a re  
i n f e r r e d  i n  t he  v i c i n i t y  o f  t h e  dam, bu t  MCEs associated w i t h  these f a u l t s  
are sma l le r  than t h a t  assoc ia ted w i t h  the Wasatch f a u l t  and f u r t h e r  from the  
dam than t h e  l o c a l  earthquake. No f a u l t s  o r  shears have been i d e n t i f i e d  i n  
the foundat ion o f  the  proposed dam, t he re fo re  no s i g n i f i c a n t  sur face 
displacements should be considered i n  the  design and ana lys is  o f  the  dam. 
However, j o i n t s  a re  present  i n  t he  dam foundat ion and a large-magnitude 
earthquake on t he  Wasatch f a u l t  cou ld  r e s u l t  i n  small  adjustments on these 
p re -ex i s t i ng  j o i n t s .  Seiche waves i n  the  r e s e r v o i r  w i l l  accompany a large-  
magnitude earthquake on t h e  Wasatch f a u l t .  The seiche w i l l  r e s u l t  from the  
combination o f  a poss ib l e  1 m displacement i n  t h e  r e s e r v o i r  on the Juab 
Val ley  f a u l t  and tilt r e s u l t i n g  from d i f f e r e n t i a l  subsidence i n  the  hanging 
wal l  of t he  Wasatch f a u l t  es t imated a t  0.75 m across t h e  rese rvo i r .  
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2. TECTONIC SETTING 

Mona Dam i s  located near the  eastern margin o f  the Basin and Range Province 
f i g .  1 )  Physiography, nor th- t rend ing 1 a te  Cenozoic and l a t e  Quaternary 
f a u l t  pat terns,  and geologic gnd seismologic s tud ies  o f  h i s t o r i c a l  
earthquakes show t h a t  the evo lu t i on  and contemporary t ec ton i cs  o f  the Basin 
and Range a re  dominated by genera l l y  east-west c r u s t a l  extension. Coincident 
w i t h  t he  ISB ( Intermountain seismic b e l t )  on the eastern margin o f  the  Basin 
and Range, nor th- t rend ing l a t e  Cenozoic and l a t e  Quaternary normal f a u l t s  
w i t h  lower average s l i p  r a tes  and longer  average recurrence i n t e r v a l s  o f  
surface displacements are  present i n  t he  back va l l eys  o f  the Wasatch 
Mountains (Su l l i van  and others,  1986) and t he  Basin and Range T r a n s i t i o n  
zone. Fur ther  east  l a t e  Quaternary f a u l t s  are  absent i n  the Colorado Plateau 
and Middle Rocky Mountains, regions dominated by reg iona l  c r u s t a l  compression 
(Zoback and Zoback, 1980). 

2.1 Juab Va l ley  and Long Ridge 

Mona Dam i s  located on Long Ridge, a n o r t h  and nor theast - t rend ing range b lock 
about 6 km west o f  the Wasatch f a u l t .  The r e s e r v o i r  occupies a p o r t i o n  o f  
Juab Va l ley  ( f i g .  2). Juab Va l ley  i s  a topographic and s t r u c t u r a l  bas in  
about 60 km long and 5 - 10 km wide, i n f e r r e d  t o  be bounded by normal f a u l t s  
on the bas is  o f  g r a v i t y  data (Cook and Berg, 1961; Zoback, 1983). Va l l ey  
f i l l  cons i s t i ng  o f  a l l u v i a l  fan, l acus t r ine ,  and f l o o d p l a i n  depos i ts  i s  a t  
l e a s t  300 m (995 f t )  t h i c k  and may reach a th ickness o f  more than 1200 m 
(4000 f t )  (Hintze,  1962). The v a l l e y  was occupied by Lake Bonnev i l le  dur ing  
the l a t e  Pleistocene and shore l ines a re  ev iden t  on the  margins o f  the  va l ley .  
The nor thern p a r t  o f  the  v a l l e y  i n  which Mona Dam and r e s e r v o i r  are  loca ted  
i s  drained by Currant Creek, which e x i t s  t he  v a l l e y  i n  a narrow gorge 
entrenched through Long Ridge ( f i g .  2). 

The nor thern p o r t i o n  o f  Long Ridge cons is ts  o f  complexly fo lded  and f a u l t e d  
Paleozoic rocks unconformably o v e r l a i n  by the  Laguna L a t i  te ,  a sequence o f  
Eocene age p y r o c l a s t i c  rocks and f lows, which has been folded i n t o  an 
a n t i c l i n e  (Muessig, 1951). The nor thern p a r t  o f  the  r i dge  i s  asymmetric i n  
sec t ion  w i t h  greater  r e l i e f  on the steeper west s i de  border ing Goshen Va l ley  
where a normal f a u l t  has been i n f e r r e d  (Muessig, 1951). There i s  no 
escarpment on the east  s ide;  the east  s lope o f  Long Ridge merges w i t h  the 
unconsol idated deposi ts o f  Juab Valley. However, a f a u l t  a l so  has been 
i n f e r r e d  on t he  east  s i de  near the  contact  between t he  Laguna L a t i t e  and 
unconsol idated deposits. This i n f e r r e d  f a u l t  t rends beneath the reservo i r ,  
w i t h i n  a few hundred meters o f  Mona Dam (Muessig, 1951; Zoback, 1983; USBR, 
1986). 

Wasatch f a u l t  

The Wasatch f a u l t  i s  a 370-km-long, nor th - t rend ing  normal f a u l t  bounding the  
east s ide o f  Juab Va l ley  about 6 km east  o f  Mona Dam ( f i g s .  1 and 2). 
Previous geologic s tud ies have shown t h a t  repeated surface displacement 
events averaging about 2 m have occurred on the  f a u l t  du r ing  the Holocene 
(Schwartz and Coppersmith, 1984) and i n d i c a t e  an average l a t e  Quaternary s l i p  
r a t e  o f  about 1 mm/yr f o r  the  f a u l t .  S i x  t o  10 major segments o f  the  f a u l t ,  
each 30 t o  70 km i n  length,  a re  thought t o  have ruptured independently. 



Figure 1 - Physiographic regions in the vicinity of Mona Dam. ( Wasatch Fault 
shown with heavy line.) 
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The Nephi segment o f  t h e  Wasatch f a u l t  on t he  eas t  s ide  o f  Juab Va l l ey  i s  the 
c l oses t  segment t o  Mona Dam ( f i g .  2). A t  t he  Nor th  Creek t rench s i t e  on t h i s  
segment o f  t h e  f a u l t  an a l l u v i a l  f an  con ta in ing  a burn l a y e r  dated a t  4580 
14c years  i s  d isp laced 7 +/- 0.5 m (Schwartz and Coppersmith, 1984). Trench 
s t r a t i g r a p h y  and scarp p r o f i l i n g  a re  i n t e r p r e t e d  as i n d i c a t i n g  t h a t  three 
sur face displacement events o f  2.0 - 2.6 m have occurred s ince depos i t ion  o f  
the  fan  w i t h  t he  most recen t  occu r r i ng  300 - 500 years ago (Schwartz and 
Coppersmi th,  1984). 

2.3 H i s t o r i c  Se i sm ic i t y  

Mona Dam i s  loca ted  w i t h i n  t he  Intermountain seismic b e l t  ( ISB), a 100 km 
wide zone o f  contemporary s e i s m i c i t y  on t he  eastern margin o f  the  Basin and 
Range. Centered approximately on t he  Wasatch f a u l t  i n  c e n t r a l  Utah, the  ISB 
i s  considered t o  have t h e  h ighes t  l e v e l  o f  earthquake r i s k  i n  t he  Uni ted 
States ou t s i de  o f  C a l i f o r n i a  and Nevada (Arabasz and Smith, 1979). Commonly 
observed fea tu res  o f  earthquake occurrence w i t h i n  the  ISB have been described 
by Smith and Sbar (1974), Smith (1978) and Arabasz and Smith (1981). Among 
these fea tu res  a re  1) d i f f u s e  s e i s m i c i t y  which shows o n l y  general c o r r e l a t i o n  
w i t h  l o c a t i o n s  e x h i b i t i n g  l a t e  Quaternary sur face f a u l t i n g ;  2)  an apparent 
l ack  o f  c o r r e l a t i o n  between small  t o  moderate-magnitude earthquakes and 
mapped f a u l t s ;  3) sha l low f o c a l  depths ( l e s s  than 15 t o  20 km); 4) sporadic 
occurrence o f  earthquakes both s p a t i a l l y  and tempora l ly ;  and 5) a p e r s i s t e n t  
p a t t e r n  o f  normal f a u l t i n g  i n d i c a t i n g  predominant ly east-west extension 
( S u l l  i van and others,  1986). 

A no tab le  f ea tu re  o f  t h e  Wasatch f a u l t  south o f  S a l t  Lake C i t y  i s  t he  lack  o f  
h i s t o r i c  o r  ins t rumenta l  s e i s m i c i t y  d i r e c t l y  associated w i t h  the  f a u l t  (Sbar 
and others,  1972; Arabasz and others ,  1980). A composite f oca l  mechanism 
from microearthquakes recorded i n  Juab Va l l ey  was i n t e r p r e t e d  as i n d i c a t i n g  
normal f a u l t i n g  on a nor theas t  t r end ing  f a u l t  w i t h  sense o f  displacement 
oppos i te  t o  t h a t  o f  t h e  Wasatch f a u l t ,  suggesting t he  events may be 
assoc ia ted w i t h  t he  f a u l t  on t h e  west s i de  o f  Juab Va l ley  (Sbar and Smith; 
1972) a l though the  v a l i d i t y  of t h i s  mechanism has been questioned (McKee and 
Arabasz, 1982). 

Earthquakes o f  magnitude 3.5 and 4.4 ( f i g .  3 and t a b l e  2) and a d i f f u s e  
p a t t e r n  o f  m ic rose i sm ic i t y  have been detected i n  Goshen Val ley,  about 10 km 
northwest o f  Mona Dam s ince  i n s t a l l a t i o n  o f  t he  U n i v e r s i t y  o f  Utah 
te lemetered network i n  1974. The a c t i v i t y  appears t o  occur i n  temporal 
bu rs t s  i n c l u d i n g  a magnitude 2.5 event and af tershocks i n  t he  v i c i n i t y  o f  
Mona Dam i n  May, 1979 ( f i g .  2) (McKee and Arabasz, 1982). These events do 
no t  appear t o  be assoc ia ted w i t h  the  known and i n f e r r e d  l a t e  Quaternary 
f a u l t s  i n  t h e  area. F a u l t  p lane so lu t i ons  f o r  s e i s m i c i t y  i n  Goshen Val ley  
a l l  i n d i c a t e  normal f a u l t i n g  on poss ib le  f a u l t  planes s t r i k i n g  nor theast  t o  
northwest, bu t  t he  t e c t o n i c  s i g n i f i c a n c e  o f  t he  a c t i v i t y  has no t  been 
determined (McKee and Arabasz , 1982). 



Figure 3. - East-'West trors section through Mono Dam. A range of dips from 45. to 60. 
shown for Wasatch Fault. See Figure 2 for locotion. 



3. SITE GEOLOGY 

The proposed rep1 acement dam wi 11 be bu i  1 t e n t i  r e l y  on T e r t i a r y  vo lcan ic  
rocks. On Long Ridge these rocks are c a l l e d  t he  Laguna L a t i t e  (Muessig, 
1951) and cons i s t  l a r g e l y  o f  andes i t i c  t u f f  b recc ia  w i t h  minor zones o f  
l a p i l l i  t u f f  and coarse t u f f  (USBR, 1986). The under ly ing Paleozoic 
sedimentary rocks are exposed about 2 km downstream o f  the  dam ( f i g .  2). The 
T e r t i a r y  vo lcan ics  d i p  t o  the  east  on Long Ridge and reach a th ickness o f  >90 
m (300 f t )  i n  t he  immediate v i c i n i t y  o f  the  dam (USBR, i n  prep).  D e t a i l s  o f  
the geology of t he  damsite are contained i n  U. S. Bureau o f  Reclamation s i t e  
i n v e s t i g a t i o n s  repo r t s  (USBR, i n  prep.) 

Northwest and north-northwest t rend ing  f a u l t s  a re  exposed i n  the Paleozoic 
rocks on Long Rid e (no t  shown on f i g .  2 ) ,  but  ava i l ab le  mapping (Hintze, 
1962; Davis. 19833 i nd i ca tes  t h a t  these f a u l t s  do no t  d isp lace the  over ly ing  
T e r t i a r y  vo lcan ics  suggesting the  f a u l t s  a re  r e l a t e d  t o  an e a r l i e r  per iod o f  
deformation. Widely-spaced, conspicuous j o i n t s  a re  present i n  the  abutments, 
bu t  t rench ing*  d r i l l i n g  and d e t a i l e d  mapping have revealed no f a u l t s  o r  shear 
zones i n  the  dam foundat ion (USBR, 1986, p. 20). 

The i n f e r r e d  nor th- t rending,  l a t e  Quaternary normal f a u l t  on the east  s ide of 
Long Ridge w i l l  cross t h e  r e s e r v o i r  a few hundred meters upstream o f  the 
proposed dam. 



4. MAXIMUM CREDIBLE EARTHQUAKES AND CONCLUSIONS 

I n  t h i s  sect ion we de f ine  source zones f o r  moderate- and large-magnitude 
earthquakes i n  the v i c i n i t y  o f  Mona damsite based on an i n t e r p r e t a t i o n  o f  the 
geological  and seismological evidence discussed above. 

4.1 Relat ionship o f  se i sm ic i t y  and l a t e  Quaternary f a u l t i n g  

Fau l t  scarps have formed dur ing three h i s t o r i c  earthquakes i n  the ISB - the 
1934 Hansel Val ley earthquake o f  M 6.6 (Shenon, 1936), the 1959 Hebgen Lake 
earthquake o f  M 7.5 (Myers and Hami 1 ton, 1964) and the 1983 Borah Peak 
earthquake o f  M 7.3 (Crone and Machette, 1984). Important c h a r a c t e r i s t i c s  
common t o  these events are  s i g n i f i c a n t  t o  the f u t u r e  occurrence o f  o ther  
large-magnitude earthquakes i n  the Basin and Range. Doser (1985) concludes 
t h a t  i n  the ISB large-magnitude earthquakes nucleate a t  o r  near the  base o f  
the seismogenic zone (about 15 km) and rup tu re  u n i l a t e r a l l y  t o  the surface 
along p lanar  normal f a u l t s  d ipp ing 450 t o  600 forming f a u l t  scarps on the 
updip p ro j ec t i on  o f  the causat ive fau l t s .  Geologic studies i n  the I S B  and 
the Basin and Range have shown t h a t  h i s t o r i c  surface ruptures have occurred 
on l a t e  Quaternary f a u l t s  w i t h  a h i s t o r y  o f  surface displacement events. 
S im i la r  studies have i d e n t i f i e d  o ther  f a u l t s  w i t h  no record o f  h i s t o r i c  
surface rupture but  w i t h  geologic evidence o f  l a t e  Quaternary surface rupture 
t h a t  are considered p o t e n t i a l  sources o f  earthquakes. 

Network monitoring, af tershock studies, and d e t a i l e d  microearthquake studies 
i n  the ISB i nd i ca te  t h a t  small-  and moderate- magnitude earthquakes show 
l i t t l e  o r  no spa t i a l  c o r r e l a t i o n  w i t h  l a t e  Quaternary f a u l t s .  Aftershock 
s tud ies of recent moderate-magnitude earthquakes i nc l ud ing  the 1962 Cache 
Val ley earthquake o f  M 5.7, the 1972 Heber earthquake o f  M 4.3, and the 1975 
Pocate l lo  Val ley earthquake o f  M 6.0 have ind ica ted  t h a t  these events 
occurred a t  depths o f  8 - 12 km on f a u l t s  t h a t  can no t  be i d e n t i f i e d  a t  the 
surface. Recent de ta i l ed  microearthquake record ing i n  the Basin and Range 
Trans i t i on  zone i n  cen t ra l  Utah shows no c o r r e l a t i o n  o f  earthquake a c t i v i t y  
w i t h  l a t e  Quaternary f a u l t s  (McKee and Arabasz, 1982; Foley and others,  
1986). These observations suggest t h a t  seismic s l i p  manifested as background 
se i sm ic i t y  i s  occurr ing on moderate- t o  high-angle segments o f  b l i n d  f a u l t s  
t h a t  have no surface expression (Arabasz and Smith, 1981; Arabasz and 
Ju l  ander , 1986). 

For hazard assessments, large-magnitude earthquakes associated w i t h  surface 
rupture and moderate- and small-magnitude background se i sm ic i t y  occur r ing  on 
b l i n d  f a u l t s  are considered as separate seismic sources. Doser (1985) has 
a lso suggested two models o f  earthquake occurrence i n  the I S B  based on a 
compi lat ion o f  surface rup tu re  length, surface displacement, mainshock 
magnitude and foca l  depth, and geologic s e t t i n g  o f  h i s t o r i c a l  earthquakes i n  
both the I S B  and the Nevada Basin and Range. She suggests t h a t  normal f a u l t  
earthquakes are o f  two types: moderate-magnitude earthquakes (M 6 - 6 3/4) 
w i t h  f a u l t  lengths o f  10 t o  15 km, surface o r  geode t i ca l l y  determined 
displacements o f  0.1 t o  0.5 m, displacement on f a u l t s  no t  necessar i ly  
associated w i t h  major f a u l t  systems, and a good p o s s i b i l i t y  o f  foreshocks; 
and, large-magnitude earthquakes (M 7 - 7 1/2) w i t h  rupture lengths o f  20 - 
30 km ( f o r  surface displacement > 0.5 m, t o t a l  l eng th  > 30 km), average 
surface displacement o f  1-4 m along f a u l t s  showing repeated l a t e  Quaternary 
surface displacements, and u n i l a t e r a l  rupture  nuc lea t ing  a t  a depth t h a t  i s  



a t  o r  near the  base o f  the  seismogenic zone (15 km). 

Both t he  l a t e  Quaternary geo log ic  record and h i s t o r i c  surface ruptures i n  the 
ISB and the  Basin and Range i n d i c a t e  t h a t  large-magnitude earthquakes occur 
repeated ly  on normal f a u l t s  w i t h  an i d e n t i f i a b l e  h i s t o r y  o f  l a t e  Cenozoic 
sur face displacements. It i s  t h i s  observat ion t h a t  forms the basis f o r  
i d e n t i f y i n g  sources f o r  large-magnitude earthquakes. These earthquakes vary 
i n  magnitude from 6 1/2 t o  7 1/2 depending on f a u l t  l eng th  w i t h  d i f f e r i n g  
magnitudes f o r  i n d i v i d u a l  f a u l t s .  I d e n t i f i c a t i o n  o f  the f a u l t s  which a re  the 
source o f  those earthquakes as w e l l  as t h e i r  magnitudes, associated surface 
displacements, and r e t u r n  per iods are  based on geologic evidence from mapping 
and t rench ing  studies.  

A moderate-magnitude earthquake source, r e f e r r e d  t o  as the  random earthquake, 
t h a t  i s  n o t  associated w i t h  l a t e  Quaternary surface f a u l t s ,  i s  i d e n t i f i e d  i n  
the I S B  on the  bas is  o f  contemporary small-and moderate-magnitude earthquake 
a c t i v i t y .  Th is  s e i s m i c i t y  appears t o  be occu r r i ng  on b l i n d  f a u l t s  t h a t  lack  
expression a t  t he  surface. Although g e o d e t i c a l l y  determined subsidence o r  
small  d i f f e r e n t i a l  ground movements may occur i n  assoc ia t ion  w i t h  these 
background earthquakes, these are no t  surface ruptures i n  the previous sense. 
Rather, these ground movements a re  considered t o  be the r e s u l t  o f  secondary 
adjustments o f  upper c r u s t a l  b locks t o  the subsurface displacement on the 
causat ive f a u l t ,  as i n  t he  "shat tered glass1' model o f  Arabasz and Smith 
(1981). 

4.2 Maximum Cred ib le  Earthquakes 

Both seismologic and geolog ic  s tud ies  i n d i c a t e  t h a t  the p r i n c i p a l  mode o f  
deformat ion i n  the ISB i s  normal f a u l t i n g  i n  response t o  east-west c r u s t a l  
ex tens ion ( S u l l  i van  and others,  1986). The Maximum Cred ib le  Earthquakes 
(MCEs) discussed i n  t h i s  sec t ion  are  associated w i t h  genera l l y  nor th - t rend ing  
normal f a u l t s  and a re  assumed t o  be p r i n c i p a l l y  d i p - s l i p  earthquakes. The 
f oca l  depth of these earthquakes i s  est imated t o  be 10 - 15 km. 

4.2.1 Wasatch f a u l t  

The l a r g e s t  h i s t o r i c a l  earthquakes i n  the ISB, the  1959 Hebgen Lake 
earthquake w i t h  a magnitude o f  7.5 and the 1983 Borah Peak earthquake w i t h  a 
magnitude o f  7.3 a re  considered t o  be represen ta t i ve  o f  the maximum magnitude 
earthquake expected i n  t he  ISB (Doser, 1985). These earthquakes are 
associated w i t h  sur face displacements o f  > 2 m and surface rup tu re  lengths o f  
> 20 km. I n  previous USBR s tud ies  MCE1s o f  7 1/2 have been est imated f o r  
l a t e  Quaternary  f a u l t s  i n  the ISB w i t h  sur face rup tu re  lengths and/or 
evidence o f  maximum i n d i v i d u a l  surface displacements o f  >2 m ( G i l b e r t  and 
others, 1983; P i e t y  and others ,  1986; Foley and others,  1986; S u l l i v a n  and 
others, 1986). The d e t a i l e d  s tud ies  o f  the Wasatch f a u l t  summarized by 
Schwartz and Coppersmith (1984) have concluded t h a t  l a t e  Quaternary f a u l t  
rup tu re  lengths a re  30 km o r  g rea te r  and maximum surface displacements are 
> 2 m. These s tud ies  have suggested t h a t  paleoearthquakes w i t h  magnitudes o f  
6 1/2 t o  7 1/2 have occurred on the Wasatch f a u l t  du r ing  the  Holocene. We 
concur w i t h  t h i s  i n t e r p r e t a t i o n  and f o l l o w i n g  previous p r a c t i c e  assign an MCE 
o f  7 1/2 t o  the Wasatch f a u l t  ( t a b l e  1) .  

Although the  surface t r ace  o f  the Wasatch f a u l t  i s  w i t h i n  about 6 km o f  the 



dam, the  west d i p  of the f a u l t  places the  zone o f  rup tu re  beneath the damsite 
a t  a depth o f  3 t o  5 km depending on the d i p  o f  the  f a u l t  ( f i g .  3). 

Long Ridqe 

A i r  photos o f  the nor thern h a l f  o f  Long Ridge and the  surrounding h i l l s  were 
reviewed f o r  features t h a t  cou ld  be f au l t - r e l a ted .  A comparison was made 
between these features and a study o f  the f a u l t  scarps along t he  Wasatch 
Fau l t  ( Woodward-Lungren and Associates, 1973). No scarps o r  o ther  1 ineaments 
were f o u n d , i n  the immediate v i c i n i t y  o f  Mona Dam and reservo i r .  However, 
several nor th- t rending lineaments were found 7 - 8 km south o f  Mona Dam i n  
a l l u v i a l  fan  deposi ts along the eastern margin o f  Long Ridge ( f i g .  2). These 
vegetat ion lineaments correspond w i t h  a steepening o f  the  f an  surface from 30 
t o  70 and v e r t i c a l  o f f s e t  o f  the fan  surface o f  about 1 m. A normal f a u l t ,  
the Juab Val ley  fau l t ,  has been i n f e r r e d  on the  eas t  s ide o f  Juab Va l ley  and 
these o f f s e t s  i nd i ca te  t h a t  surface displacements have occurred on t h i s  f a u l t  
dur ing the  l a t e  Quaternary. However, t h i s  f a u l t  appears t o  be a n t i t h e t i c  t o  
the west-dipping Wasatch f a u l t  f o r  i t  must i n t e r s e c t  the  Wasatch f a u l t  a t  a 
depth we l l  above seismogenic depths o f  large-magnitude earthquakes i n  the  ISB 
( f i g .  3). Therefore, t h i s  f a u l t  i s  no t  considered an independent source zone 
f o r  l a rge  -magnitude earthquakes. The 1-m-high scarps on the  Juab Va l ley  
f a u l t  are i n te rp re ted  t o  have formed as sympathetic movement associated w i t h  
a large-magnitude earthquake on the Wasatch f a u l t .  

A west-dipping normal f a u l t  has been i n f e r r e d  on the west margin o f  Long 
Ridge (Muessig, 1951) a t  o r  near the base o f  the  bedrock escarpment formed i n  
Paleozoic and T e r t i a r y  rocks on the east  s ide o f  Goshen Val ley  ( f i g s .  2 and 
3). Our review o f  a i r  photos revealed no scarps i n  l a t e  Quaternary deposi ts 
along t h i s  margin o f  the  Long Ridge although small l a t e  Quaternary surface 
displacements a t  o r  near the  base o f  the bedrock escarpment may no t  be 
discernable (e. g. Su l l i van  and others, 1986). The i n f e r r e d  surface t r ace  o f  
t h i s  f a u l t  i s  about the same distance from Mona Dam as the  Wasatch f a u l t ,  the 
f a u l t  d ips  away from the  dam, and the maximum f a u l t  l eng th  i s  shor te r  than 
the Wasatch f a u l t ;  therefore,  earthquake e f f e c t s  from t h i s  f a u l t ,  i f  i t  was 
determined t o  be a p o t e n t i a l  seismic source, are g r e a t l y  overshadowed by 
those e f f e c t s  from the Wasatch f a u l t  and i t  i s  no t  discussed f u r t h e r  i n  t h i s  
r epo r t  (Table 1). 

4.2.3 Random earthquake 

A random earthquake i s  considered a p o t e n t i a l  seismic source f o r  a l l  s i t e s  i n  
the ISB (Su l l i van  and others, 1986). As the threshold  f o r  surface f a u l t i n g  
i n  the ISB appears t o  be w i t h i n  the magnitude range 6 t o  6 3/4, an MCE o f  
magnitude 6 t o  6 1/2 i s  assigned t o  t h i s  random earthquake source (Su l l i van  
and others, 1986). Based on ca l cu la t i ons  o f  p r o b a b i l i s t i c  ep i cen t ra l  
d istances from geologic and seismologic data, f o r  annual p r o b a b i l i t i e s  o f  
occurrence o f  1/50 000 t o  1/100 000, an earthquake o f  magnitude 6 o r  greater  
could occur w i t h i n  5 km o f ' a n y  s i t e  ( S u l l i v a n  and others, 1986). Therefore, 
the magnitude 6 t o  6 1/2 random earthquake should be considered a l o c a l  event 
t h a t  could occur i n  t he  immediate v i c i n i t y  o f  Mona Dam. 





Table 2 - Surface f a u l t i n g  parameters associated w i t h  selected h i s t o r i c  
earthquakes and est imates f o r  t he  Wasatch f a u l t .  

sur face average max. 
EARTHQUAKE magnitude rup tu re  v e r t i c a l  v e r t i c a l  4 tilt 
(date ) l e n  t h  disp. d isp.  

(MS) t d (m) (m) (m/km) 

1 Borah Peak 
(1983) 7.3 3 4 0.8 2.7 0.1 

2 Hebgen Lake 
(1959) 7.5 30 4 6.7 0.6 

3 Pleasant 
Val l e y  
(1915) 7.7 59 2 5.8 n 

Wasatch 
F a u l t  
(Nephi 
segment) *7 1/2 **35 **2.0-2.6 n ***0.5 

n n o t  known 
1 from Crone and Machette (1984) 
2 f rom Myers and Hamil tom (1964) and Doser (1985) 
3 f rom Wallace (1984) 
4 est imated a t  a d is tance o f  4 t o  8 km from the  sur face rup tu re  
* MCE 
** from Schwartz and Coppersmith (1984) 
*** est imated f o r  MCE a t  4 - 8 km from the  Wasatch f a u l t  



subsidence ( t i l t s )  o f  0.1 m/km and 0.6 m/km were observed f o r  t he  Borah Peak 
and Hebgen Lake earthquakes. Th is  g rad ien t  i s  r e l a t e d  t o  the maximum and 
average values o f  sur face displacement on t he  f a u l t .  Maximum values o f  
surface displacement f o r  the  Wasatch f a u l t  a re  n o t  known, bu t  t rench ing has 
shown t h a t  v e r t i c a l  displacements o f  2 t o  2.6 m have occurred on the Nephi 
segment o f  t he  Wasatch f a u l t  i n  t he  l a s t  4500 years (Schwartz and 
Coppersmith, 1984). Th is  value i s  g rea te r  than the  average displacement f o r  
the Borah Peak earthquake and l ess  than the  average displacement f o r  the  
Hebgen Lake earthquake. Therefore, we have est imated ti lt t o  be 0.5 m/km, 
s l i g h t l y  l ess  than the  0.6 m/km associated w i t h  the  Hebgen Lake earthquake 
and g rea te r  than the  0.1 m/km associated w i t h  the Borah Peak earthquake 
( t a b l e  2). 

I n  f i g u r e  4 t h e  combined e f f e c t s  o f  1 m o f  sympathetic displacement on the 
Juab Va l ley  f a u l t  and subsidence o f  the  hanging wa l l  b lock o f  t he  Wasatch 
f a u l t  have been estimated. The r e s u l t i n g  r e s e r v o i r  surface p r o f i l e  i n  f i g .  
4b should be used i n  any ana l ys i s  o f  seiche waves i n  the r e s e r v o i r  t h a t  may 
accompany t he  MCE on t he  Wasatch f a u l t .  

4.5 Reservoir- induced s e i s m i c i t y  

Small- and moderate-magnitude earthquakes have resu l t ed  from the impounding 
o f  reservo i rs .  Large, deep rese rvo i r s  o v e r l y i n g  young f a u l t s  seem t o  be the  
most suscep t ib le  t o  reservo i r - induced se ismic i t y .  Although young f a u l t s  may 
be present  i n  Mona Reservoir  t he  he igh t  o f  t he  proposed dam (15 m) and the  
r e s e r v o i r  volume (19,000 ac re - fee t )  are  small .  The proposed dam w i  11 impound 
a r e s e r v o i r  about the  same s i z e  as the  e x i s t i n g  reservo i r .  This rese rvo i r  
was f i r s t  f i l l e d  i n  t he  e a r l y  1900s and no reservo i r - induced se i sm ic i t y  has 
been noted s ince t h a t  t ime. Therefore, we conclude t h a t  t he  p o s s i b i l i t y  of 
f u t u r e  induced earthquakes occur r ing  i n  Mona Reservoir  i s  very  remote. 
Further,  based on t he  magnitudes o f  induced earthquakes from documented 
h i s t o r i c a l  examples we conclude t h a t  i f  induced earthquakes were t o  occur 
t h e i r  magnitudes would n o t  exceed the  MCEs proposed f o r  the  random earthquake 
o r  the  Wasatch f a u l t .  

4.6 Fur ther  Studies 

No f u r t h e r  seismotectonic s tud ies  are recommended f o r  Mona Dam. 



Dam 
0 )  
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Figure 4.- Mona Reservoir surface profiles, a) before and b) after a 
hypothet icol MCE of M 7i on the Waratch fault. In b) upper 
arrows represent I m of displacement on the Juab bblley foul t 
(figs. 2 and 3 1, lower arrows represent reservoir t i l t  (0.5 m/km 
at a distance of 4 to 8 km from the Wasotch fault), and the 
lower solid line represents the combined effects on the 
reservoir surface profile. 
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The following errors have been noted since the reproduction of this report: 
 
1) page 2, sec. 2.2, second line should read: .... eastside of Juab Valley about 6 km east of Mona 
Dam....... 
 
2) page 5, line 1 should read:  The Nephi segment of the Wasatch fault on the eastside of Juab 
Valley is the .......... 
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