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SUMMARY OF CONCLUSIONS 

Th is  r e p o r t  presents t h e  r e s u l t s  of a Bureau o f  Reclamation seisrnotectonic 
s tudy  f o r  S o l d i e r  Creek Dam, Centra l  Utah Pro jec t ,  Utah. Fieldwork f o r  t h i s  
s tudy  was begun i n  September 1980 and was completed i n  October 1981. 

S o l d i e r  Creek Dam i s  a zoned e a r t h  and r o c k f i l l  s t r u c t u r e  8 1  m h i gh  w i t h  a 
404-m c r e s t  length.  When water i s  impounded i n  t h e  new, enlarged Strawberry 
Reservo i r  w i t h  about f o u r  t imes (1.36 x 109 m3) t h e  capac i t y  o f  t h e  
e x i  s t i n g  St rawberry  Reservoir ,  Strawberry Dam and I nd ian  Creek Dike w i  11 be 
i nundated . 
The most l i k e l y  sources o f  f u t u r e  l a r g e  magnitude earthquakes producing 
s t r ong  ground motions a t  S o l d i e r  Creek Dam are  t h e  Wasatch f a u l t ,  t h e  Strawberry 
f a u l t ,  and t h e  S t i n k i n g  Springs f a u l t .  Extens ive s tud ies  by Woodward-Clyde 
Consultants on t h e  Wasatch f a u l t  (45 km west o f  So ld i e r  Creek Dam) have 
documented t h e  h i gh  a c t i v i t y  r a t e  on t h i s  f a u l t .  These i n v e s t i g a t o r s  found 
evidence o f  magnitude 6.5 t o  7.5 events on t h e  Wasatch f a u l t ,  r e c u r r i n g  every 
500 t o  5,200 years f o r  f o u r  o f  s i x  segments o f  t h e  Wasatch f a u l t .  Recurrence 
o f  1 arge events was est imated a t  50 t o  430 years f o r  any p o i n t  on t h e  f a u l t .  

Al though reg iona l  s e i s m i c i t y  pa t t e rns  do no t  p rov ide  conc lus ive evidence o f  
f a u l t  a c t i v i t y  near So ld i e r  Creek Dam, the Strawberry f a u l t  ( 8  krn west o f  
S o l d i e r  Creek Dam) has experienced s i g n i f i c a n t  sur face displacements dur ing  
t h e  Holocene [ t h e  l a s t  10 Ka (thousand years) ] .  The S t i n k i n g  Springs f a u l t  
(180 m west o f  So ld i e r  Creek Dam) i s  s t r u c t u r a l l y  .and phys iog raph i ca l l y  
s i m i l a r  t o  t h e  Strawberry f a u l t ,  b u t  i t s  prominent topographic scarp i s  l e s s  
than h a l f  as long  as t h e  scarp on t h e  Strawberry f a u l t .  The o n l y  Quaternary 
depos i ts  which might be used t o  assess t he  a c t i v i t y  o f  t he  S t i nk i ng  Springs 
f a u l t  l i e  under t h e  present  So ld i e r  Creek Reservoir .  

Estimates of pa l  eoearthquake magnitudes f o r  t h e  Strawberry f a u l t  der ived f rom 
displacement da ta  from two exp lo ra to r y  t renches across a f a u l t  scarp range 
f rom 5.9 t o  7.4. The l a r g e r  magnitude est imates are based on displacements 
which were probably  t h e  r e s u l t  o f  more than one f a u l t  event; i f  so, magnitudes 
would be <7.0. However, these displacements were measured on a subs id i a r y  
f a u l t  p a r a l l e l  w i t h  t h e  main f a u l t  which may have experienced l a r g e r  d isp lace-  
ments. Fau l t  length-magnitude r e l a t i o n s h i p s  suggest a magnitude 7.0 earthquake 
i s  c red ib l e ,  assuming t h e  l eng th  o f  t h e  St rawberry  f a u l t  marked by i t s  
prominent topographic scarp rup tu res  i n  a s i n g l e  event. S t ra t i g raph i c  u n i t s  
exposed i n  t h e  trenches and age d a t i n g  s tud ies  i n d i c a t e  recurrence i n t e r v a l s  
f o r  t h e  l a r g e s t  sur face f a u l t i n g  events on t h e  Strawberry f a u l t  are i n  t he  
range 1,500 t o  10 Ka. 

Although we have no d i r e c t  evidence t o  suggest t h a t  recent  displacements on 
t h e  S t i n k i n g  Springs f a u l t  have been less  than those on t h e  Strawberry f a u l t ,  
geophysical da ta  obtained du r i ng  o i l  exp lo ra t i on  i n  t he  area suggest d isp lace-  
ments a t  a depth o f  3000 m are l e s s  on t he  S t i n k i n g  Springs f a u l t  than on t h e  
Strawberry f a u l t .  The topographic scarp o f  t h e  S t i n k i n g  Springs f a u l t  i s  
a l so  sho r te r  than t h a t  o f  t h e  Strawberry f a u l t  ( 1 1  km versus 28 km), suggest- 
i n g  t h e  leng th  o f  f a u l t  segments sub jec t  t o  repeated rup tu re  are shor te r .  
These d i f f e rences  i n  physiographic f a u l t  l eng th  and displacement a t  depth 



suggest a somewhat smal ler  MCE (maximum c r e d i b l e  earthquake) f o r  t h e  S t i n k i n g  
Springs f a u l t  than f o r  t h e  St rawberry  f a u l t .  A magni tude of 6.5 der i ved  from 
f a u l t  length-magnitude r e l a t i o n s h i p s  corresponds w i t h  t h e  physiographic 
l e n g t h  o f  t h e  S t i n k i n g  Springs f a u l t .  

The R i c h t e r  magnitudes and hypocentra l  parameters o f  t h e  design earthquakes 
f o r  those f a u l t s  capable o f  genera t ing  earthquakes hazardous t o  So ld i e r  Creek 
Dam are l i s t e d  below. The magnitudes o f  t h e  25-year and 100-year earthquakes 
were est imated from t h e  magnitude versus frequency o f  occurrence curves shown 
i n  chapter  7. 

Design earthquakes f o r  S o l d i e r  Creek Dam 

Seismogenic MCE 100- ear 25-year Ep i cen t ra l  
( J)  

Focal 
s t r u c t u r e  (ML) (ML) d is tance  (km) depth (km) 

Wasatch f a u l t  7.5 5.8 5.0 45 7 

St rawberry  f a u l t  7.0 5.2 4.3 8 6 

S t i n k i n g  Springs 6.5 5.2 4.3 0 4.5 
f a u l t  

The S t i n k i n g  Springs f a u l t  t rends  across t h e  present  So ld i e r  Creek Reservo i r  
180 m (600 f e e t )  west o f  t h e  r i g h t  abutment of So ld i e r  Creek Dam. An MCE of 
6.5 on t h e  f a u l t  cou ld  produce a down-to-the-west displacement i n  t he  rese r -  
v o i r  near t h e  dam o f  0.5 t o  1 m based on emp i r i ca l  displacement-magnitude 
r e l a t i o n s h i p s .  Thus, displacement on t h e  f a u l t  would produce a r e l a t i v e  
increase i n  t he  he igh t  o f  t h e  dam reduc ing any hazard t o  t h e  dam due t o  
r e s e r v o i r  seiche. Because our s t r u c t u r a l  i n t e r p r e t a t i o n  of t he  S t i n k i n g  
Springs f a u l t  i nc ludes  eastward t i l t i n g  o f  t h e  downthrown block, t h e  degree 
o f  t i l t i n g  and ne t  v e r t i c a l  displacement would decrease t o  t h e  west away from 
t h e  dam. 

Our a i r  photograph l ineament study, general  geolog ic  mapping near t h e  dam, 
and USBR cons t ruc t i on  engineer ing geology i n v e s t i g a t i o n s  d i d  no t  reveal  any 
f a u l t s  w i t h  s i g n i f i c a n t  displacements extending under S o l d i e r  Creek Dam. 
However, t h e  dam foundat ion,  p a r t i c u l a r l y  t he  r i g h t  abutment, i s  ex tens i ve l y  
j o i n t e d  and a l a r g e  earthquake on t h e  S t i n k i n g  Springs f a u l t  might produce 
some displacement along p r e e x i s t i n g  j o i n t s .  

Based on our general geolog ic  mapping near S o l d i e r  Creek Dam, t h e  const ruc-  
t i o n  engineer ing geology r e p o r t ,  and consul t ants r epo r t s ,  t he re  do no t  appear 
t o  be s i g n i f i c a n t  l ands l i d i ng ,  reservo i r - induced  se i sm ic i t y ,  o r  foundat ion 
l i q u e f a c t i o n  hazards t o  t h e  dam. 



1. INTRODUCTION 

1.1 P u r ~ o s e  and S c o ~ e  

The c o n s t r u c t i o n  o f  S o l d i e r  Creek Dam, Bonnev i l l e  Un i t ,  Cent ra l  Utah Pro jec t ,  
was completed i n  1973, b u t  earthquake hazards were no t  considered i n  t h e  
design of t h e  dam (Wahler and Associates, 1977). I n  1977, t h e  c o n s u l t i n g  
f i r m  o f  W.  A. Wahler and Associates reviewed t h e  design, cons t ruc t ion ,  and 
ope ra t i on  o f  S o l d i e r  Creek Dam and concluded " t h a t  t h e r e  may be s i g n i f i c a n t  
r i s k  o f  se r ious  d i s t r e s s  and/or f a i l u r e  assoc ia ted w i t h  f i l l i n g  t h e  r e s e r v o i r  
beh ind S o l d i e r  Creek Dam." Wahler and Associates (1977) made a  number o f  
recommendations i n c l u d i n g  t h e  f o l l o w i n g :  "An eva lua t i on  should be made o f  
r eg iona l  and s i t e  s e i s m i c i t y  t o  determine a  design earthquake and develop 
at tendant  baserock mot ion c r i t e r i a .  As p a r t  o f  t h i s  eva lua t ion ,  t h e  recency 
o f  and p o t e n t i a l  f o r  movement on t h e  S t i n k i n g  Spr ings f a u l t  should be 
determined." 

Th is  r e p o r t  summarizes t h e  r e s u l t s  o f  a  USBR se ismotecton ic  s tudy designed t o  
address these concerns. We have est imated MCE1s and earthquake recurrence 
i n t e r v a l s  f o r  geo log ic  s t r u c t u r e s  i n  t h e  v i c i n i t y  o f  S o l d i e r  Creek Dam and 
have i d e n t i f i e d  o the r  p o t e n t i a l  s e i s m i c a l l y  induced hazards t o  t h e  dam. 
Ana lys is  o f  ground mot ions ( f o r  example, Hays and others ,  1980) f rom these 
des ign earthquakes i s  beyond t h e  scope o f  t h i s  r e p o r t .  

Our s tudy  inc luded:  

a. Review o f  p e r t i n e n t  l i t e r a t u r e  on t h e  s t r a t i g raphy ,  s t r uc tu re ,  and 
t e c t o n i c s  o f  t h e  U i n t a  Basin and U i n t a  and Wasatch mountains 

b. Review o f  USBR eng ineer ing  geology documents on t h e  p recons t ruc t ion  
and c o n s t r u c t i o n  geology o f  S o l d i e r  Creek Dam 

c. I n t e r p r e t a t i o n  o f  smal l  - and 1  arge-sca le  a e r i  a1 photographs f o r  
i d e n t i f i c a t i o n  o f  suspected l a t e  Quate rnary  f a u l t s  

d. Two low-sun-angle reconnaissance f l i g h t s  over t h e  St rawberry  Va l l ey  
area 

e. Review o f  h i s t o r i c  s e i s m i c i t y  

f. L im i t ed  reg iona l  reconnaissance geolog ic  mapping w i t h i n  15 t o  20 km 
o f  S o l d i e r  Creek Dam 

g. De ta i l ed  mapping, excavat ion o f  t renches across f a u l t  scarps, and 
c o r i n g  adjacent t o  t h e  most s i g n i f i c a n t  bedrock f a u l t  scarp i n c l u d i n g  
14C and s o i l  ana l ys i s  o f  samples f o r  d a t i n g  

USBR geo log i s t s  and se ismo log is ts  spent approx imate ly  15 man-months complet ing 
t h i s  study. Geologic f i e l d w o r k  began i n  September 1980 and was completed 
i n  October 1981. 

Van Arsdale (1979a) s t ud ied  t h e  s t r uc tu re ,  s t r a t i g raphy ,  and geomorphology o f  
t h e  St rawberry  V a l l e y  i n  d e t a i l .  Because h i s  t h e s i s  i s  recent ,  concise,  and 



deals  w i t h  many o f  t h e  problems addressed i n  t h i s  study, we quote ex tens i ve l y  
f rom i t  i n  sec t ions  2 and 4 (quotes i n d i c a t e  h i s  o r i g i n a l  t e x t ) .  Addi- 
t i o n a l  r eg iona l  geolog ic  da ta  are d i scussed . i n  S u l l i v a n  and o the rs  (1983) 
(Cent ra l  Utah P r o j e c t  Regional Seismotectonic Study, which i s  ava i l ab le  i n  
d r a f t ) .  

1.2 So ld i e r  Creek Dam 

S o l d i e r  Creek Dam ( f i g .  1.1) i s  loca ted  on t h e  St rawberry  R iver  about 
50 km southeast o f  Heber, Utah, and 53 km west of Duchesne, Utah. It i s  i n  
sec. 16, T. 4 S., R. 10 W., about 11 km downstream from t h e  e x i s t i n g  Straw- 
b e r r y  Dam and Reservoir .  So ld i e r  Creek Dam w i  11 rep1 ace Strawberry Dam when 
water i s  impounded i n  t h e  new enlarged St rawberry  Reservo i r  some t ime  a f t e r  
1990. The new r e s e r v o i r  w i l l  h o l d  1.36 x 109 m3, about f o u r  t imes the  
e x i s t i n g  capaci ty ,  and inundate bo th  St rawberry  Dam and I nd ian  Creek Dike. 
The a c t i v e  conservat ion l e v e l  o f  t h e  enlarged r e s e r v o i r  w i  11 be 2319 m 
(7602 f t )  (Wahler and Associates,  1977). 

The r e s e r v o i r  w i l l  p rov ide  p r i n c i p a l  s torage f o r  t h e  Bonnev i l l e  U n i t ' s  
St rawberry  Aqueduct. The aqueduct, which cons i s t s  o f  dams, tunnels,  and 
p ipe l i nes ,  w i l l  t r a n s p o r t  waters d i v e r t e d  f rom Rock Creek and o the r  t r i b u -  
t a r i e s  o f  t h e  Strawberry and Duchesne Rivers .  Water from t h i s  u n i t  w i l l  be 
conveyed by t h e  Wasatch Aqueduct t o  t h e  Bonnev i l l e  Basin f o r  munic ipa l ,  
i n d u s t r i a l ,  and i r r i g a t i o n  purposes. 

S o l d i e r  Creek Dam i s  a zoned e a r t h  and r o c k f i l l  s t r u c t u r e  8 1  m h i gh  and 
404 m long. I t s  cons t ruc t i on  requ i red  2.6 x 106 m3 o f  embankment ma te r i a l s .  
It con ta ins  two o u t l e t  works tunnels ,  t h e  upper 44 m above t h e  lower. The 
h ighe r  tunne l  w i l l  r e l ease  h igh  oxygen con ten t  water f o r  downstream f i s h .  
Both t unne l s  can be used f o r  t h e  re lease  of r e s e r v o i r  water (Randolph, 
1974) . 
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F igu re  1.1. S o l d i e r  Creek Dam and Reservoir .  The scarp o f  t h e  S t i n k i n g  
Springs f a u l t  runs f rom t h e  l e f t  foreground, across t h e  r e s e r v o i r ,  a long 
t he  s lope p a r a l l e l  w i t h  t h e  road l e a v i n g  t h e  r i g h t  abutment, and through 
t he  no tch  i n  t he  r i d g e  on t h e  sky l i ne .  



2. REGIONAL GEOLOGY AND TECTONICS 

So ld ie r  Creek Dam i s  located on t h e  western margin o f  t he  U in ta  Basin i n  t he  
t r a n s i t i o n  area between the  Basin and Range and Colorado Plateau physiographic 
and tec ton i c  provinces. The U i n t a  Mountains l i e  45 km t o  t he  nor th  and t h e  
Wasatch Mountains 35 km t o  t he  west ( p l  . l ) .  

2.1 Post-Precambri an D e ~ o s i t i o n a l  H i s t o r v  

Van Arsdale (1979a) provides a concise summary o f  t h e  geologic h i s t o r y  o f  t h e  
Basin and Range - Colorado Plateau t r a n s i t i o n  zone: 

"The * * * [ t r a n s i t i o n  area i n  Central  Utah] was a s low ly  subsiding 
miogeosyncline from Lower Cambrian through Upper T r i a s s i c  t ime 
(Armstrong, 1968; Stokes, 1976). During subsidence, what would 
l a t e r  become the  Great Basin, d i v i ded  i n t o  a mosaic o f  l oca l  basins 
w i t h  l a rge  po r t i ons  of t h e  s h e l f  having been u p l i f t e d  above sea 
l e v e l  (Armstrong, 1968). The major basin was t h e  Pennsylvanian t o  
E a r l y  Permian Oquirrh basin, whose southern lobe coinc ided w i t h  
t he  wester ly  p r o j e c t i o n  o f  t h e  present U i n t a  Basin ax is  (Roberts 
and others, 1965). Late Precambrian t o  Permi an age sediments, 
115 000 m] 50,000 f e e t  t h i c k  i n  t h e  geosyncl ine, t h i n  g r e a t l y  where 
they  cross the  Wasatch Front which marks t h e  boundary between the  
Cord i l l e ran  geosyncl ine and t h e  s tab le  p la t f o rm t o  t h e  east 
(Burchf i e l  and Hickcox, 1972). Sedimentation terminated i n  t he  
miogeosyncline w i t h  t h e  onset o f  t h e  Sevier Orogeny dur ing  t h e  
l a t e s t  Jurass ic  t ime (Roberts and others,  1958; Armstrong, 1968). 
Accompanying t h i s  u p l i f t  was t h e  development of an extensive 
foredeep basin t o  t h e  east o f  t h e  Wasatch Front (Armstrong, 1968). 
[Six thousand meters] 19,000 f e e t  o f  syntectonic  sediments accumu- 
l a t e d  i n  t he  foredeep basin i n  Cretaceous t ime. Sedimentation 
continued i n t o  T e r t i a r y  t ime w i th  t h e  U i n t a  Basin accumulating a 
maximum th ickness o f  [ 4  000 m] 13 000 f e e t  o f  Paleocene t o  Eocene 
f l u v i a t i l e  and l a c u s t r i n e  sediments (Hintze, 1973).11 

2.2 Sevier Orogeny 

"The Sevier Orogeny i n  Utah was t y p i f i e d  by u p l i f t  o f  t he  Sevier 
Orogenic B e l t  i n  excess o f  [14 000 m] 45 000 f e e t  and eastward 
t h r u s t i n g  dur ing  l a t e s t  Jurass ic  t o  Late Cretaceous t ime (Roberts 
and others, 1958; Armstrong, 1968). A [15 000 m] 50 000 fee t  
thickness o f  Late Precambri an and Paleozoic m i  ogeosyncl i nal  
sediments o f  predominantly marine carbonates was t h r u s t  over a 
[5 000-m] 15 000-foot p la t f o rm sequence near Provo, Utah (Baker, 
1959). Apparent ly the  miogeosynclina1.sequence was detached from 
the  c r y s t a l  l i n e  basement whose upper sur face acted as a regional  
decol lement s u r f  ace (Burchf i e l  and Hickcox, 1972). Eastward 
displacement has been est imated t o  be [64 km] 40 m i l es  i n  the  
Charleston-Strawberry-Nebo t h r u s t  ( C r i  ttenden, 1961). Concurrent 
w i t h  t h r u s t i n g  was the  development o f  many l a rge  f o l d s  (Eardley, 
1934; Burchf i e l d  and Hi  ckcox, 1972) . Large easter ly-over turned 
f o l d s  i n  t he  Stansbury, Oquirrh, and Lake Mountains, and i n  t h e  
southern Wasatch Range, have curv ing  a x i a l  t races  which form an arc 



convex t o  t h e  east  (Proctor ,  1959; B u r c h f i e l d  and Hickcox, 1972; 
Cr i t tenden, 1976). Most o f  these f o l d s  l i e  i n  t h e  area o f  t he  La te  
Paleozoic Oqu i r rh  Basin and i t  i s  be l i eved  t h a t  t h e  abnormally t h i c k  
sec t i on  i n  t h i s  bas in  i n f  1 uenced t h e i r  format ion (Armstrong, 1968; 
Bu rch f i e l d  and Hickcox, 1972). The Oqu i r rh  Basin may a lso be respons ib le  
f o r  t h e  more e a s t e r l y  t r a n s l a t i o n  o f  t h e  Charleston-Strawberry-Nebo 
t h r u s t  sheet ( C r i  t tenden, 1964; Burchf i e l d  and Hickcox, 1972). 

"Thrust s t r uc tu res  o f  t h e  Idaho-Wyoming t h r u s t  b e l t  a re  we l l  
documented i n  t h e  subsurface. The dominant f ea tu res  o f  t he  t h r u s t  
be1 t n o r t h  o f  t h e  U i n t a  Mountains are low-angle, west-dipping, 
reverse f a u l t s  t h a t  l i e  above an e s s e n t i a l l y  undis turbed westward 
s l op ing  sur face a t  t h e  t o p  o f  t h e  c r y s t a l l i n e  Precambrian basement 
(Royse and others,  1975). Fo ld ing  i s  a1 so p reva len t  w i t h  many of 
t h e  f o l d s  be ing over turned t o  t h e  east.  Beutner (1977) modeled 
deformat ion o f  t h e  Idaho-Wyoming t h r u s t  b e l t  by compressing a 
g e l a t i n  s lab  against  an i r r e g u l a r  c l a y  f o re l and  t o  generate v i s i b l e  
s t r ess  t r a j e c t o r i e s .  The s t r e s s  t r a j e c t o r i e s  are c h i e f l y  a f f ec ted  
by  t he  'Southwestern Montana Recess' and t h e  ' U i n t a  Recess,' 
deep-rooted bu t t resses  around which t h e  eastward moving t h r u s t  
sheets were deformed. Such a model i s  supported by  paleomagnetic 
s tud ies  o f  T r i a s s i c  redbeds (Grubbs and van der Voo, 1976). 
Far ther  south, t h e  U i n t a  Mountains and t h e  northwest corner 
o f  t he  Colorado Plateau may have acted l i k e  but t resses,  thereby 
a l low ing  more e a s t e r l y  t h r u s t i n g  along t h e  ax i s  o f  the  U i n t a  Basin 
(Cr i t tenden,  1976; Stokes, 1976). Per iods o f  u p l i f t  o f  the  U i n t a  
Mountains a l t e rna ted  w i t h  e a s t e r l y  t h r u s t i n g  i n  t he  S a l t  Lake C i t y  
area, so a b u t t r e s s  e f f e c t  i s  considered probable (Cr i t tenden,  
1976). 

"Whether t h e  e a s t e r l y  convex a x i a l  t r aces  o f  t he  f o l d s  and t h e  
lead ing  edge o f  t h e  Charleston-Strawberry-Nebo t h r u s t  sheet are a 
consequence o f  an anomalously t h i c k  sedimentary sec t i on  o r  due t o  
bu t t ress ing ,  t h e  r e s u l t  was more e a s t e r l y  extending Mesozoic 
deformat ion along t h e  U i n t a  Basin Ax is  and t h e  fo rmat ion  o f  an 
arcuate s t r u c t u r a l  gra in . "  

2.3 T e r t i a r y  Tecton ics 

" U p l i f t  o f  t h e  U i n t a  Mountains and concurrent  subsidence of t h e  
U i n t a  Basin cont inued s p o r a d i c a l l y  f rom rnid-Eocene i n t o  t he  O l i -  
gocene (Osmond, 1964) . The 01 igocene epoch was a per iod  of 
volcanism throughout much o f  t h e  area * * *, w i t h  vo lcan ic  centers  
a t  Bingham and T i n t i c  (Hintze,  1973). 

"Gentle Miocene f o l d i n g  may have been r e l a t e d  t o  minor r e a c t i v a t i o n  
o f  t he  Sevier  t h r u s t s  (Walton, 1959); however, t h e  next major 
t e c t o n i c  event was t h e  Basin and Range Orogeny w i t h  normal f a u l t i n g  
con t i nu ing  t o  t h e  present.  The t ime o f  i n i t i a t i o n  o f  Basin and 
Range f a u l t i n g  i n  t h e  Wasatch Front  area has been placed from l a t e  
Eocene (Crosby, 1972) t o  e a r l y  Miocene (Armstrong, 1968; H i  ntze, 
1973). Dur ing segmentation o f  t he  Sevier  up1 i f t ,  the  eastern edge 



o f  t h e  f o l d  b e l t  was u p l i f t e d  wh i le  subsidence o f  t h e  Basin and 
Range occurred (Stokes, 1976). The t o t a l  re1  a t i v e  v e r t i c a l  move- 
ment between t h e  two provinces i s  est imated t o  have been [21 000 m] 
70,000 f e e t  (Crosby, 1972). 

"The geometry and mechanics o f  Basin and Range s t ruc tu res  have been 
t h e  subject  o f  numerous studies ( G i l b e r t ,  1928, Nolan, 1943; 
Osmond, 1960; Atwater, 1970; Stewart, 1971; Scholz and others, 
1971; P r o f f e t t ,  1977; and Stewart, 1978) t o  name a few. Four 
p r i n c i p a l  hypotheses f o r  t h e  o r i g i n  o f  t h e  Basin and Range Province 
va r i ous l y  invoke subduction o f  the  East P a c i f i c  Rise, mantle 
plumes, wrench f a u l t i n g ,  and back-arc spreading (Stewart, 1978). 
Subsurface dep ic t ions  o f  Basin and Range s t ruc tu res  range from 
n e a r l y  v e r t i c a l  f a u l t s  bounding ho rs t s  and grabens t o  t i l t e d  b locks 
bounded by downward-f lat tening ( 1  i s t r i c )  f a u l t s  (Stewart, 1978). 
* * * eastward t i l t i n g  o f  t h e  Stansbury, Oquirrh, Wasatch, and West 
T i n t i c  Mountains and Thorpe H i l l s  has been noted ( G i l b e r t ,  1890; 
Moore, 1960; Stewart, 1978). G i  1 b e r t  (1890) dep ic ts  t he  mountain 
range and basin immediately t o  i t s  east as a s i n g l e  t ec ton i c  b lock.  
That i s ,  S t  ansbury Mountain-Rush Val ley ,  Oquirrh Mountains-Jordan 
Valley, and t h e  Wasatch Mountains are th ree  separate eas ter ly -  
t i l t e d  blocks. A very  s i m i l a r  subsurface i n t e r p r e t a t i o n  o f  t he  
Great S a l t  Lake basin i s  g iven by Jones and Marsel 1 (1955). 

"The d ips  o f  Basin and Range normal f a u l t s  has been a p o i n t  o f  
controversy (No1 an, 1943; Crosby, 1972). Vari a t i o n  i n  repor ted 
d ips  may be explained i n  p a r t  by f a u l t  planes t h a t  decrease i n  d i p  
w i t h  depth (Longwell, 1936; Hamblin, 1965). If downdip f l a t t e n i n g  
o f  normal f a u l t s  occurs, then t h e  d i p  o f  the  f a u l t  would vary as a 
f unc t i on  o f  depth o f  exposure. Downdip f l a t t e n i n g  o f  normal f a u l t s  
i s  we l l  documented n o r t h  and south o f  t h e  area * * * i n  t he  Idaho- 
Wyoming t h r u s t  b e l t  (Royse and others, 1975), i n  t he  Sevier desert  
o f  cen t ra l  Utah (McDonald, 1976), and i n  t he  southwestern Colorado 
Plateau (Hambl i n ,  1965) .I1 

2.4 Quaternary Tectonics 

Seismic and o ther  geophysical data (Smith and Sbar, 1974; Smith, 1978; 
Stewart, 1978) and Quaternary f a u l t  scarps (Cl u f f  and others, 1975; Hambl i n ,  
1976; Anderson, 1979; Anderson and M i l l e r ,  1979; Hamblin and others, 1981) 
demonstrate cont inu ing  Quaternary f a u l t i n g  i n  t h e  Great Basin-Colorado 
Plateau t r a n s i t i o n  zone. Moment r a t e  s tudies us ing geologic data show the  
h i s t o r i c a l  se i sm ic i t y  r e f l e c t s  t he  long-term s e i s m i c i t y  w i t h  the  except ion o f  
t he  Wasatch f a u l t  zone (Doser and Smith, 1982). Deta i led  s tudies o f  f a u l t  
recurrence i n t e r v a l  s and est imated pa l  eoearthquake magni tudes have been made 
on the  Wasatch f a u l t  (Swan and others, 1980; Hansen and others, 1981; Swan 
and others, 1981), t h e  most a c t i v e  s t r u c t u r e  i n  t he  region.  Less extensive 
attempts t o  assess f a u l t  recurrence i n  t h e  area have been made by Su l l i van  
and others (1983) i n  the  back v a l l e y s  o f  t h e  Wasatch Mountains and by Mar t in  
and others (1983) i n  t h e  northwestern U in ta  Basin. Van Arsdale (1979a, 
1979b) suggested the  l a t e s t  movement on the  Strawberry f a u l t  ( 8  km west o f  
So ld ie r  Creek Dam) occurred as r e c e n t l y  as 12,000 years ago (discussed i n  
sec t ion  5.3). 



Wasatch F a u l t  

The Wasatch f a u l t  i s  a major, down-to-the-west, normal f a u l t  extending 
370 km from Gunnison, Utah, n o r t h  i n t o  Idaho w i t h  an est imated displacement 
o f  4500 m. The f a u l t  t r a c e  i s  near t h e  base o f  t h e  west- facing t r i a n g u l a r  
f a c e t s  forming t h e  west face o f  t h e  Wasatch Mountains. Along almost i t s  
e n t i r e  length,  vege ta t ion  l ineaments and scarps i n  Lake Bonnev i l l e  l a c u s t r i n e  
sediment, moraines, and Holocene a l l u v i a l  and c o l l u v i a l  deposi ts  i n d i c a t e  
1 a t e  Quaternary f a u l t  d i  sp l  acement (C l  u f f  and others,  1975; Swan and others ,  
1980; 1981). Swan and o thers  (1980; 1981) and Hanson and o thers  (1981) reach 
t h e  f o l l ow ing  conc lus ions based on i n t e r p r e t a t i o n  o f  13 trenches a t  4 s i t e s  
(Kaysvi  l l e ,  Hobble Creek, L i t t l e  Cottonwood, and Nor th  Creek) along t h e  
Wasatch f a u l t  zone: ( 1 )  cumulat ive net  v e r t i c a l  t e c t o n i c  displacement 
s ince  t h e  midd le  Holocene i s  10 t o  11 m, ( 2 )  repeated displacements o f  
0.8 t o  3.7 m producing earthquakes o f  M = 6.5 t o  7.5 have occurred dur ing  
Holocene t ime, ( 3 )  t h e  recurrence i n t e r v a l  o f  sur face f a u l t i n g  events on 
segments a t  t h e  l o c a l i t i e s  t renched i s  500 t o  5,200 years, ( 4 )  Holocene s l i p  
r a t e s  are 0.6 t o  1.9 m m l y r ,  and ( 5 )  if t h e  Wasatch f a u l t  i s  assumed t o  
c o n s i s t  o f  6 t o  10 segments, t h e  recurrence i n t e r v a l  f o r  major earthquakes on 
t h e  e n t i r e  f a u l t  i s  50 t o  430 years. 

A t t e n t i o n  has a lso  focused on t h e  displacement h i s t o r y  of t he  Wasatch 
f a u l t  as revealed by t h e  phys iographic  f ea tu res  o f  t he  bedrock f a u l t  scarp 
(Hambl in ,  1976; Anderson, 1977; Osborne, 1978). Remnants o f  bedrock pediment 
sur faces have been c o r r e l a t e d  along t h e  face  o f  t he  bedrock f a u l t  scarp and 
i n t e r p r e t e d  as represen t ing  per iods  o f  quiescence i n  i t s  displacement h i s t o r y  
Osborne (1978) concludes t h a t  d i f f e rences  o f  c o r r e l a t i v e  scarp he igh ts  i n  t he  
Ogden-Salt Lake City p o r t i o n  o f  t h e  f a u l t  scarp may be t he  r e s u l t  o f  p i v o t a l -  
o r  sc issors - type  movement on t h e  Wasatch f a u l t .  

2.4.2 The Back Val leys o f  t h e  Wasatch Mountains 

A reconnaisance s tudy ( S u l l  ivan, 1982; Nelson and Kr insky, 1982; S u l l i v a n  and 
others ,  1983) of  the  back v a l l e y s  ( G i l b e r t ,  1928, p. 58) demonstrates t h a t  
many o f  t h e  v a l l e y  bounding f a u l t s  have had recu r ren t  Quaternary displacement. 
However, no post-Bonnevi 11 e [<20 ka (thousand years ) ]  d i  sp l  acement has been 
documented (except f o r  t h e  St rawberry  f a u l t  d i  scussed i n  sec t ion  5.3) . A 
few f a u l t s  may have had displacements o n l y  s l i g h t l y  p reda t ing  t he  l a s t  h i gh  
stand o f  Lake Bonnev i l l e .  A suspected Quaternary f a u l t  scarp on t h e  south 
edge o f  Heber Va l l ey  (Anderson and M i l l e r ,  1979) has been shown t o  have a 
nontecton ic  o r i g i n  ( S u l l i v a n  and others ,  1983). 

2.4.3 Cache Va l l ey  

No systematic neo tec ton ic  s tudy o f  Cache Va l l ey  has been made. C l u f f  and 
o thers  (1974) mapped a l a r g e  number o f  l ineaments f rom a i r  photographs, many 
o f  which they  f e e l  cou ld  be f a u l t  scarps along both margins o f  Cache Val ley.  
Lake Bonnev i l l e  deposi ts  i n  t h e  Paradise area are un fau l t ed  (Mul lens and 
I z e t t ,  1964), b u t  d isp laced Bonnev i l l e  g rave ls  on t h e  East Cache f a u l t  were 
c l e a r l y  v i s i b l e  a t  one t ime a t  t h e  mouth o f  Logan Canyon (W. Scot t ,  o r a l  
communication, 1981). Temporary exposures i n  several  o ther  areas along t h e  
East Cache f a u l t  have revealed post-Bonnevi 1 l e  displacements (6.  N. Kal i s e r ,  
o r a l  cornmunicat ion, 1981), and these undocumented r e p o r t s  o f  displacement 



have been conf i rmed near Logan i n  excavat ions by Woodward-Clyde Consultants 
(D.  P. Schwartz, o r a l  communication, 1982). 

2.4.4 U i n t a  Basin and U i n t a  Mountains 

M a r t i n  and o thers  (1983) have shown t h a t  recurrence i n t e r v a l s  on t h e  Towanta 
F l a t  f a u l t s  n o r t h  o f  Duchesne are i n  t h e  range o f  a t  l e a s t  50 Ka. Se i sm ic i t y  
da ta  suggest o t h e r  f a u l t s  on t h e  south f l a n k  o f  t h e  U in tas  may be ac t i ve ,  bu t  
no conc lus ive  evidence of Quaternary displacement has been found. I n  p a r t i c u l a r ,  
t h e  South f l a n k  f a u l t  does no t  show evidence o f  l a t e  Quaternary displacement. 

Wasatch Plateau 

Spieker and B i  11 i ngs  (1940) recognized o n l y  one pe r i od  o f  g l a c i a t i o n  (Wisconsin; 
t h e  equ iva len t  o f  "P inedale")  on t h e  Wasatch Plateau. Most f a u l t i n g  was 
considered t o  predate g l a c i a t i o n ,  b u t  these authors found some evidence f o r  
pos tg l  ac i  a1 f a u l t i n g .  Based on o f f s e t  moraines, a1 l u v i  a1 fans, and mudf low 
deposi ts ,  Kucera (1954) concluded recu r ren t  f a u l t  movement on t h e  Joes Val l e y  
f a u l t  zone t o t a l i n g  hundreds o f  f e e t  had taken p lace  between h i s  g l a c i a l  
stages I 1  and I 1 1  (p robab ly  e a r l y  and l a t e  "P inedale")  w i t h  displacements o f  
4 t o  6 m on even younger deposi ts .  Late Quaternary f a u l t  scarps about 4 rn 
h igh  have been repor ted  near Joes V a l l e y  Reservo i r  by R. C. Bucknam ( w r i t t e n  
communication t o  A .  Viksne, 1976) and a number of o the r  scarps i n  r e l a t i v e l y  
recen t  depos i ts  have been noted by Bucknam, J. T. Su l l i van ,  and others .  The 
neo tec ton ics  o f  t h e  Wasatch Plateau w i l l  be t h e  focus o f  f u tu re  seismotectonic 
s tud ies  f o r  Joes V a l l e y  and S c o f i e l d  Dams. 



3. HISTORIC SEISMICITY 

3.1 Regional Se i sm ic i t y  

The h i s t o r i c  record  o f  earthquake occurrence i n  Utah dates back t o  1847 when 
Mormon s e t t l e r s  f i r s t  moved t o  t h e  S a l t  Lake C i t y  area. P r i o r  t o  t h e  
i n s t a l l a t i o n  o f  a seismograph s t a t i o n  a t  t h e  U n i v e r s i t y  o f  Utah i n  1907, t h e  
o n l y  l oca tab le  earthquakes were those occu r r i ng  near populated areas, p r i -  
m a r i l y  along t h e  Wasatch Front .  Ins t rumenta l  ep icen te r  determinat ions f o r  
earthquakes occu r r i ng  i n  Utah a f t e r  1907 were s t i l l  not  ve ry  accurate, 
and f e l t  r e p o r t s  o f  ground shaking were r e l i e d  on h e a v i l y  through 1949 
(Arabasz, 1979). 

I n  1950, t h e  U.S. Coast and Geodetic Survey i n i t i a t e d  r o u t i n e  ep i cen t ra l  
determinat ions f o r  moderate s i z e  earthquakes ( R i c h t e r  magnitude, ML, 
g rea te r  than 3) i n  t he  In termounta in  area us ing  da ta  from w ide ly  spaced 
reg iona l  seismographs. A s k e l e t a l  s ta tewide network was i n s t a l l e d  i n  1962 
p rov id i ng  s u f f i c i e n t  coverage and da ta  w i t h i n  t h e  next  12 years t o  de f i ne  a 
prominent zone o f  d i f f u s e  bu t  l o c a l l y  in tense  s e i s m i c i t y  a t  l e a s t  100 km 
wide, rough ly  centered along t h e  major nor th-south Wasatch f a u l t  zone 
(Smith and Sbar, 1974). 

The ISB ( In termounta in  Seismic B e l t ) ,  t h e  adopted name o f  t h i s  zone o f  
i n t r a p l a t e  se i sm ic i t y ,  has subsequent ly been shown t o  approach 200 km i n  
w id th  and over 1300 km i n  leng th .  It extends f rom t h e  Arizona-Nevada border 
through Utah, Idaho, and Wyoming i n t o  Montana (Arabasz and others,  1979). It 
i s  considered t o  have one o f  t h e  h ighes t  l e v e l s  o f  earthquake r i s k  i n  t h e  
cont iguous Un i ted  States ou t s i de  of C a l i f o r n i a  and Nevada (Arabasz and Smith, 
1979). More than 15 events w i t h  magnitudes g rea te r  than o r  equal t o  6 have 
occurred w i t h i n  t h e  IS0 s ince  t h e  mid-18001s, t h e  l a rges t  be ing t h e  1959 
Hebgen Lake earthquake o f  magnitude 7.1 (Smith and Sbar, 1974). E igh t  o f  t h e  
magnitude 6+ earthquakes have occurred w i t h i n  Utah and i nc l ude  t h e  1901 
magnitude 6.5 ML R ich f  i e l d  and 1934 magni tude 6.6 ML Hansel Val l e y  
earthquakes. The Hansel Va l l ey  event i s  t h e  o n l y  earthquake i n  Utah t h a t  has 
produced sur face  d i s p l  acement (0.5 m) du r i ng  h i s t o r i c  t imes. 

Epicenters  of t h e  l a r g e s t  earthquakes (ML > 4) occu r r i ng  i n  Utah s ince 1850 
are shown w i t h  zones o f  major f a u l t i n g  i n  f i g u r e  3.1. The d i s t r i b u t i o n  o f  
ep icen te rs  and f a u l t i n g  i n d i c a t e s  t he re  i s  a broad, nor th-south zone o f  
ongoing c r u s t a l  deformat ion i n  Utah t h a t  co inc ides  w i t h  t h e  t r a n s i t i o n  
between t h e  Basin-Range p rov ince  t o  t h e  west and t h e  Colorado Plateau 
and Middle Rocky Mountains prov inces t o  t h e  east .  The most prominent fea tu re  
w i t h i n  t h i s  zone i n  c e n t r a l  and nor thern  Utah i s  t he  370-km-long Wasatch 
f a u l t ,  a segmented geolog ic  break along which young mountain b locks have been 
up1 i f t e d  t o  form a steep, west- facing scarp (Arabasz and Smith, 1979). 

Only two o f  t h e  h i s t o r i c  earthquakes o f  magnitude g rea te r  than 4 are suspected 
o f  occu r r i ng  d i r e c t l y  on t h e  Wasatch f a u l t ,  t h e  1910 earthquake (ML = 5.5) 
near S a l t  Lake City and t h e  1914 event (ML = 5.5) near Ogden (Arabasz and 
Smith, 1979). There has been abundant and p e r s i s t e n t  small magnitude a c t i v i t y  
associated w i t h  Wasatch f a u l t .  Th is  a c t i v i t y  i s  ma in l y  concentrated along 
s p e c i f i c  sect ions o f  t he  f a u l t  t h a t  are separated from each o the r  by  segments 
o f  n o n a c t i v i t y  ( i  .e., seismic gaps). The g rea t  m a j o r i t y  o f  h i s t o r i c  earthquake 
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F igure  3.1 Ep icen te r  map o f  t h e  l a r g e s t  h i s t o r i c a l  earthquakes i n  t h e  
Utah reg ion ,  1850-1978. For c o i n c i d e n t  e p i c e n t e r s ,  o n l y  t h e  l a r g e s t  event  
i s  shown. Earthquakes o f  magnitude 5.5 o r  g r e a t e r  a re  dated by year .  
" A " ,  "B", and "*" i n d i c a t e  S t rawber ry  f a u l t ,  S t i n k i n g  Spr ings f a u l t  and 
S o l d i e r  Creek Dam, r e s p e c t i v e l y .  (From Arabasz and Smith, 1979). 



a c t i v i t y  w i t h i n  t h e  ISB i n  c e n t r a l  and nor thern  Utah has been east  and west 
o f  t h e  Wasatch f a u l t  and, i n  general, does no t  co inc ide  w i t h  known Cenozoic 
f a u l t i n g .  

Current knowledge of t h e  present-day na tu re  o f  t h e  ISB i n  Utah i s  due t o  t h e  
i n s t a l  1 a t  i o n  o f  r eg iona l  ar rays o f  re1  a t  i v e l y  dense, high-gain, shor t -per iod,  
t e l eme t r y  seismograph s t a t i o n s  i n  October 1974 b y  t h e  U n i v e r s i t y  o f  Utah f o r  
t h e  purpose o f  s tudy ing s e i s m i c i t y  and assoc ia ted hazards along t h e  Wasatch 
f a u l t .  The s t a t i o n  d i s t r i b u t i o n ,  as o f  June 1979, i s  i l l u s t r a t e d  i n  f i g u r e  3.2. 
The dashed l i n e  encloses t h e  area covered i n  f i g u r e  3.3, an e p i c e n t r a l  
map o f  earthquakes recorded by  t h e  telemetered network through June 1978. 
The occurrence o f  earthquake a c t i v i t y  east  and west o f  t h e  Wasatch f a u l t  i s  
w e l l  i l l u s t r a t e d  i n  f i g u r e  3.3 as i s  t h e  l ack  of a c t i v i t y  w i t h i n  t h e  seismic 
gaps along t h e  Wasatch f a u l t ,  here enclosed by dashed l i n e s  n o r t h  and south 
o f  S a l t  Lake City. 

Although t h e  seismic network i s  concentrated and i n  t h e  Wasatch f a u l t  reg ion,  
t h e  a b i l i t y  t o  l o c a t e  earthquakes accura te ly  i n  t h e  mountains and v a l l e y s  
eas t  o f  t h e  Wasatch f a u l t  has improved s i g n i f i c a n t l y  f rom t h a t  which was 
poss ib l e  p r i o r  t o  October 1974. There can be, however, cons iderable e r r o r  
invo lved  i n  computing hypocenters i n  t h i s  reg ion.  Th is  l o c a t i o n  e r r o r  can 
exceed 5 km, depending on t h e  d is tance  t o  t h e  c l oses t  seismograph s t a t i o n  
record ing  t h e  event as we l l  as t h e  s i z e  o f  t h e  earthquake. Thus, i t  i s  no t  
poss ib l e  t o  make a d i r e c t  c o r r e l a t i o n  between earthquakes recorded by t he  
reg iona l  a r ray  e i t h e r  be fo re  o r  a f t e r  October 1974 and known f a u l t i n g  east of 
t h e  Wasatch f a u l t .  

The h i s t o r i c  record, e s p e c i a l l y  t h e  b e t t e r  loca ted  post-October 1974 da ta  
( f i g .  3.3), demonstrate t h a t  t h e r e  i s  an obvious increase i n  earthquake 
a c t i v i t y  t o  t h e  east  where t h e  geolog ic  evidence suggests r a tes  o f  Cenozoic 
f a u l t  displacement are l e s s  than those on t h e  Wasatch f a u l t .  This i s  p a r t i c u -  
l a r l y  t r u e  along a zone a few tens o f  k i l ome te rs  east  o f  t h e  Wasatch f a u l t  
t h a t  extends f o r  about 200 km f rom n o r t h . o f  t h e  Idaho-Utah border south t o  
about t h e  l a t i t u d e  o f  S a l t  Lake City (40.8" N.) .  From t h i s  l a t i t u d e  south t o  
Heber City, t h e  a c t i v i t y  becomes d i f f u s e .  A t  Heber City, t he  l i n e a r  t r end  
begins again and cont inues south t o  a t  l e a s t  Joes Va l l ey  (30 km due east of 
Mant i )  a l though i t  i s  l e s s  pronounced and i s  o f f s e t  t o  t h e  east an a d d i t i o n a l  
20 t o  30 km. So ld i e r  Creek Dam i s  loca ted  along t h e  eastern margin o f  t h i s  
southern l i n e a r  t r end  o f  s e i s m i c i t y .  

3.2 Local Se i sm ic i t y  

P l a t e  1 i s  an e p i c e n t r a l  p l o t  o f  a l l  s e i s m i c i t y  known t o  have occurred w i t h i n  
t h e  area bounded by 39.6 t o  40.6" N. l a t i t u d e  and 110.4 t o  111.7" W .  l o n g i -  
tude between 1850 and 1981 ( U n i v e r s i t y  o f  Utah, 1982). A t o t a l  o f  395 ear th -  
quakes, rang ing  i n  R i ch te r  magnitude (ML) from -0.2 t o  5.0 are shown 
along w i t h  major f a u l t s  (compi led by  Stokes and Madsen, 1961). The much 
improved a b i l i t y  t o  de tec t  and l o c a t e  earthquakes east  o f  t he  Wasatch f a u l t  
s ince  t he  i n s t a l l a t i o n  o f  t h e  dense reg iona l  a r ray  o f  te lemetered s t a t i o n s  i n  
October 1974 i s  we l l  i l l u s t r a t e d .  Only 110 o f  t h e  earthquakes shown i n  p l a t e  
1 occurred du r i ng  t h e  125 years o f  record  p r i o r  t o  October 1974. The remaining 
285 earthquakes were detected and loca ted  by  t h e  telemetered a r r a y  du r i ng  the  
remaining 7 years o f  h i s t o r i c  record.  This apparent increase i n  seismic 
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MROWlTUOE SCALE I R L l  

@ e e e  
6 4 2 1 < 1  

A SEISROORRPH STATION 

Fig .  3 . 3 . W a s a t c h  F r o n t  E a r t h q u a k e s ,  O c t o b e r  1974  t o  June  1978.  
"A" ,  "B" ,  and  "*" i n d i c a t e  S t r a w b e r r y  f a u l t ,  S t i n k i n g  S p r i n g s  f a u l t  
a n d  S o l d i e r  Creek Dam, r e s p e c t i v e l y .  (From Arabasz  and o t h e r s ,  1979) .  
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a c t i v i t y  i s  a  d i r e c t  r e s u l t  o f  increased s t a t i o n  coverage and lower magnitude 
d e t e c t i o n  th resho lds  and no t , in  i t s e l f ,  an i n d i c a t i o n  o f  a  change i n  se ismi-  
c i t y  c h a r a c t e r i s t i c s  o f  t h e  S o l d i e r  Creek Dam reg ion .  

The s p a t i a l l y  d i f f u s e  occurrence o f  s e i s m i c i t y  i n  t h e  mountains and back 
v a l l e y s  eas t  o f  t h e  Wasatch f a u l t  i s  apparent i n  t h i s  p l a te ,  as i s  t he  
general  1  ack of c o r r e l  a t  i o n  between ep icen te rs  and mapped f a u l t s .  Local l y  
i n tense  c l u s t e r i n g ,  however, can be observed east  and nor theas t  o f  Heber C i t y  
i n  t h e  nor theas t  corner  o f  t h e  p l a te ,  south of Wallsburg, n o r t h  of Pr i ce ,  and 
a t  Provo. 

Provo Area 

The concent r i c  p a t t e r n  of ep icen te rs  a t  Provo represents  t h e  assumed l o c a t i o n  
o f  f o u r  earthquakes t h a t  were f e l t  i n  t h e  area p r i o r  t o  adequate ins t rumenta l  
c o n t r o l .  As w i t h  a l l  non ins t rumen ta l l y  l oca ted  events, t h e  ep icen te rs  are 
assumed t o  be a t  t h e  cen te r  o f  t h e  reg ion  o f  maximum observed i n t e n s i t y .  
Th is  assumption i s  h e a v i l y  dependent on popu la t i on  d i s t r i b u t i o n  and, therefore,  
n o t  v e r y  accurate. The ep icen te rs  o f  these f e l t  events cou ld  be i n  e r r o r  by 
20 km o r  more; thus, l i t t l e  s i g n i f i c a n c e  should be a t t r i b u t e d  t o  t h e i r  
co inc iden t  c l u s t e r i n g  a t  Provo. The est imated magnitudes o f  noninstrumental  
earthquakes are a l so  sub jec t  t o  cons iderable e r r o r  because t hey  too  are based 
on maximum observed i n t e n s i t i e s .  I n  an eva lua t i on  o f  t h e  h i s t o r i c  record, 
more s i g n i f i c a n c e  should be p laced on t h e  more r e c e n t l y  occur r ing  earthquakes 
f o r  which more r e l i a b l e  da ta  are ava i l ab le .  

The l a r g e s t  earthquakes presumed t o  have occurred w i t h i n  t h e  l i m i t s  of 
p l a t e  1 are two magnitude 5.0 events, one a t  Provo i n  1915 and t h e  o ther  near 
Wal lsburg i n  1958. The magnitudes o f  bo th  these earthquakes are based on 
maximum observed i n t e n s i t i e s  (Mod i f ied  M e r c a l l i ,  MM) o f  V I  i n  t he  ep i cen t ra l  
reg ions .  Add i t i ona l  b e t t e r  loca ted  sma l le r  magnitude events c l u s t e r i n g  near 
Wallsburg i n d i c a t e  an a c t i v e  s t r u c t u r e  i s  present  i n  t h i s  l oca le .  

3.2.2 Heber Val l e y  Area 

Three km east  o f  Heber City i s  one area o f  dense ep icen te r  occurrence. Most 
o f  these earthquakes have occurred s ince  and, therefore,  are probably  a f t e r -  
shocks o f  t h e  R i c h t e r  magnitude 4.3 (body wave magnitude, mb, 4.7) earthquake 
o f  October 1, 1972. The main shock produced a  maximum i n t e n s i t y  o f  MM V I  a t  
t h e  town o f  Midway west o f  Heber City and was f e l t  over an area of 6500 km2 
(Langer and others ,  1979), produc ing minor damage a t  many nearby towns. 
There i s  evidence t o  suggest t h e  main shock a c t u a l l y  cons is ted  o f  two shocks, 
t h e  f i r s t  earthquake being f o l l owed  by  another one o f  s l i g h t l y  smal ler  
magnitude approximately 90 seconds 1  a t e r  (Langer and others ,  1979). An 
af tershock s tudy conducted by  NOAA and t h e  U n i v e r s i t y  o f  Utah recorded 
28 earthquakes between October 3 and October 12, 1972. Nineteen of these 
a f te rshocks  were l a r g e  enough t o  be loca ted  by t h e  n i ne -s ta t i on ,  high-gain- 
p o r t  ab le  ar ray.  The ep icen te rs  o f  these we1 1- located af tershocks (no t  shown 
on p l .  1 )  c l u s t e r  5  km eas t  o f  Heber C i t y  i n  a  no r thwes te r l y  t rend.  The 
f o c a l  depths range f rom 4.9 t o  13.6 km, and t h e i r  depth d i s t r i b u t i o n  combined 
w i t h  t h e  composite f a u l t  p lane s o l u t i o n  suggest t h e  causa t i ve  s t r u c t u r e  i s  a 
normal f a u l t  t r end ing  nor thwest  d i pp ing  64' NE. Geologic mapping, however, 
has no t  revealed Quaternary f a u l t i n g  i n  t h i s  area (Baker, 1959; Bromf i e l d ,  



and others,  1970; Bromf ie ld  and Cr i t tenden,  1971: c i t e d  i n  Langer and others ,  
1979), a1 though t he  physiography o f  Heber Val l e y  suggests a west-dipping 
normal f a u l t  may bound t h i s  margin of t h e  v a l l e y  ( S u l l i v a n  and others,  
1983). 

Approximately 16 km nor theas t  o f  Heber City i s  another area o f  r e l a t i v e l y  
dense ep icen te r  d i s t r i b u t i o n  c o n s i s t i n g  o f  17 small-magnitude earthquakes. 
Eleven o f  these earthquakes occurred du r i ng  a 42-hour per iod  on October 10 
and 11, 1975, fo l lowed by f o u r  earthquakes on October 26, and two ear th -  
quakes on November 2, 1975. The R i c h t e r  magnitudes o f  a1 1 earthquakes i n  
t h i s  sequence are l e s s  than 2.0 w i t h  t h e  except ion o f  one earthquake o f  
magnitude 2.7 t h a t  occurred on October 11, 1975. S p a t i a l l y ,  these ep icen te rs  
f o l l o w  a west-northwest t r end  along and j u s t  west o f  t h e  western exposure o f  
t h e  South Flank f a u l t ,  and i t  has been suggested t h i s  swarm1 i k e  earthquake 
sequence may be r e l a t e d  t o  subsurface wes te r l y  extens ion o f  t h a t  f a u l t  
(Langer and others ,  1979). 

Moon Lake Area 

Another area o f  h i gh  ep icen te r  d e n s i t y  i s  i n  t h e  nor theas t  corner o f  p l a t e  1 
near 40.5" N. l a t i t u d e  110.5' W.  l ong i tude .  This i s  t he  i sose i sm ica l l y  
determined ep icen te r  o f  an earthquake t h a t  occurred January 17, 1950. 
I n t e n s i t y  da ta  i n d i c a t e  o n l y  MM I V  ground shaking was repor ted i n  t he  epicen- 
t r a l  area; whereas, t h e  g rea tes t  ground shaking r e p o r t e d l y  occurred a t  Grand 
Junct ion, Colorado, 225 km t o  t h e  southeast where t h e  maximum i n t e n s i t y  was 
MM V. Apparently, t h i s  discrepancy between ep icen te r  l o c a t i o n  and reg ion  o f  
maximum repor ted  i n t e n s i t y  r e s u l t s  f rom a combinat ion o f  l o c a l  s i t e  a m p l i f i -  
c a t i o n  and popu la t ion  concent ra t ion  i n  Grand Junct ion.  The magnitude o f  t h i s  
earthquake i s  uncer ta in .  The maximum i n t e n s i t y  versus magnitude re1  a t i o n  o f  
Gutenburg and R i c h t e r  (1956), ML = 1 + 2/31, y i e l d s  a magnitude est imate of 
4.3 ML. The magnitude repor ted  by  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology 
as determined from seismograms recorded a t  t h e i r  observatory  i n  Pasadena i s  
5.25 (NOAA, 1980). Based on t h e  l o c a l l y  observed i n t e n s i t y  o f  I V  i n  t h e  
e p i c e n t r a l  area, t h e  magnitude est imate o f  5.25 appears high. The actua l  
magnitude i s  probably  l ess  than 5.0, perhaps even l ess  than 4.5. Because t he  
ep icen te r  was repor ted  o n l y  t o  t he  nearest  h a l f  degree, t he  imp l ied  accuracy 
i s  about 25 km. 

The r e s t  of t he  earthquakes c l us te red  near t h e  1950 event are associated w i t h  
an earthquake sequence t h a t  commenced w i t h  t h e  main shock on September 30, 
1977. The USGS (U.S. Geological  Survey) determined parameters f o r  t h i s  event 
i nc l ude  R i ch te r  magnitude 5.1 (mb = 5.0), f o c a l  depth 5 km, and ep i cen t ra l  
l o c a t i o n  6 km southeast o f  Moon Lake (USGS, 1977). The U n i v e r s i t y  o f  Utah 
est imated t h e  R i c h t e r  magnitude, f o c a l  depth, and ep i cen t ra l  l o c a t i o n  a t  
4.5, 7 km, and 11 km south o f  Moon Lake, r espec t i ve l y .  This l a r g e  d isc rep-  
ancy i n  repor ted  magnitudes r e s u l t s ,  apparent ly,  from t h e  USGS us ing seismo- 
grams recorded as f a r  away as A1 buquerque, New Mexico ( A  > 700 km), t o  
compute t h e  magnitude wh i l e  t h e  U n i v e r s i t y  o f  Utah used o n l y  da ta  from t h e i r  
r eg iona l  ar ray.  The USGS has r e c e n t l y  recomputed t h e  magnitude neg lec t i ng  
t he  extreme f a r - f i e l d  da ta  and now r e p o r t  i t  as 4.5 ML i n  agreement w i t h  
t h e  U n i v e r s i t y  o f  Utah ( D .  Carver, personal communication, J u l y  20, 1981). 
The ep icen te r  o f  t he  main shock i s  shown a t  t h e  U n i v e r s i t y  o f  Utah-determined 
l o c a t i o n  i n  p l a t e  1. 



The maximum ground shaking exper ienced d u r i n g  t h e  September 30, 1977 event 
r e p o r t e d l y  occurred i n  Grand Junct ion,  Colorado (USGS, 1977), thus making 
t h i s  event s i m i l a r  t o  t h e  earthquake of January 19, 1950 ( f i g i  3.4). This 
maximum i n t e n s i t y  MM V I  was a l so  repor ted  i n  t h e  immediate ep i cen t ra l  area 
and may be due, i n  pa r t ,  t o  an apparent increase i n  popu la t ion  d e n s i t y  near 
t h e  ep icen te r  s ince  1950 and/or a general  d e t e r i o r a t i o n  i n  t h e  s t r u c t u r a l  
s t a b i l i t y  o f  l o c a l  dwe l l i ngs  du r i ng  t h e  recurrence i n t e r v a l .  The o n l y  
evidence suppor t ing MM V I  near t h e  ep icen te r  was repor ted  i n  Mountain Home, 
Utah, 10 km t o  t h e  southeast where a s e p t i c  system d r a i n  was repor ted  broken, 
o l d  mor ta r  o f  a l o g  house was cracked a t  t h e  corners,  and some f u r n i t u r e  
s h i f t e d  p o s i t i o n  (USGS, 1977). I n t e n s i t y  V ground shaking was repor ted  
throughout t he  e p i c e n t r a l  area i n  con t ras t  t o  r e p o r t s  of i n t e n s i t y  I V  shaking 
d u r i n g  t h e  1950 event, thus  i n d i c a t i n g  t h e  magnitude of t h i s  earthquake was 
g rea te r  than t h e  1950 event.  These da ta  f u r t h e r  support  t h e  assignment o f  a 
magnitude l e s s  than 5.0 ML t o  t h e  January 19, 1950 earthquake. 

I n  a combined e f f o r t ,  t h e  USGS and t h e  U n i v e r s i t y  o f  Utah conducted an 
a f te rshock  s tudy from October 1 through October 15, 1977, us ing  12 h igh-gain 
p o r t a b l e  s e i  smographs (Carver and others ,  1978) . Hundreds o f  a f tershocks 
were recorded du r i ng  t h e  14-day study, t h e  l a r g e s t  be ing t h e  R i ch te r  magni- 
tude  4.0 earthquake o f  October 11. Epicenters  o f  t h e  l a r g e r  af tershocks, as 
l i s t e d  i n  t h e  U n i v e r s i t y  o f  Utah earthquake cata log,  are shown i n  p l a t e  1. 
Th is  da ta  se t  inc ludes  a l l  ep icen te rs  c l u s t e r e d  near t h e  January 19, 1950 
and September 30, 1977 events, as w e l l  as t h e  n i n e  events loca ted  west o f  
110.5' W .  long i tude,  here i n d i c a t e d  by s o l i d  octagons. 

One gains a f a l s e  impression o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  s e i s m i c i t y  f rom 
cons ide r i ng  o n l y  t h e  ep icen te r  p l o t  w i t hou t  n o t i n g  t h e  temporal s i g n i f i c a n c e  
o f  these earthquakes r e l a t i v e  t o  t h e  i n s t a l  l a t i o n  o f  t h e  po r tab le  ar ray.  A1 1 
n i n e  events occurred e i t h e r  immediately a f t e r  t h e  main shock and be fo re  
i n s t a l l a t i o n  o f  t h e  l o c a l  s t a t i ons ,  o r  a f t e r  t h e  af tershock study was t e r -  
minated on October 15. The s o l u t i o n  q u a l i t y  o f  these ep icen te r  determina- 
t i o n s ,  as l i s t e d  i n  t h e  earthquake cata log,  i s  gene ra l l y  poor and r e s u l t s  
f rom i n s u f f i c i e n t  s t a t i o n  coverage. Because t h e  U n i v e r s i t y  o f  Utah s t a t i o n  
d i s t r i b u t i o n  i s  e n t i r e l y  t o  t h e  west o f  t h e  e p i c e n t r a l  area, t he  so lu t i ons  
a re  biased i n  t h i s  d i r e c t i o n .  The subsurface v e l o c i t y  s t r u c t u r e  has probably  
been underestimated, thus  r e s u l t i n g  i n  t h e  systemat ic  m is l oca t i on  o f  t h e  
ep icen te rs  t o  t h e  west toward t h e  p o i n t s  of observat ion ( i  .e., the  se i  smo- 
graph s t a t i o n s ) .  

Uni form s t a t i o n  coverage a l l e v i a t e s  t h i s  b i as  i n  t h e  computed l oca t i ons  as 
i s  i nd i ca ted  by t h e  c l u s t e r i n g  o f  ep icen te rs  near t h e  main shock. A l l  these 
earthquakes occurred du r i ng  t h e  af tershock s tudy and are t h e  l oca t i ons  
computed by t h e  U n i v e r s i t y  o f  Utah from da ta  recorded by t h e  t e l eme t r y  
network supplemented by  da ta  f rom t h e  l o c a l  temporary array.  The l i s t e d  
l o c a t i o n  q u a l i t i e s  are g e n e r a l l y  e x c e l l e n t  f o r  these c l us te red  events. 
Al though t h e  n i ne  earthquakes may be near t h e i r  t r u e  l o c a t i o n s  and, thus, not  
assoc ia ted w i t h  t h e  af tershock sequence, t h e  above evidence suggests they  are 
mis loca ted  af tershocks. Th is  suggests t h e  l e v e l  o f  s e i s m i c i t y  immediately 
west o f  t h e  1977 earthquake c l u s t e r  i s  lower than t h e  earthquake p l o t  alone 
would i n d i c a t e .  



F i g u r e  3.4. I n t e n s i t y  map f o r  t h e  September 30, 1977 magni tude 4.5 ML 
ear thquake near  Moon Lake, Utah. (From USGS, 1977). 



The r e c e n t l y  publ ished r e s u l t s  o f  t h e  af tershock s tudy i n d i c a t e  t he  causa t i ve  
s t r u c t u r e  i s  a nor th -  t o  nor th -nor theas t  t r end ing  normal f a u l t  d ipp ing  about 
45' E .  (Carver and others ,  1981). These conc lus ions are e n t i r e l y  seismo- 
l o g i c  i n  na tu re  and a re  based on composite f a u l t  p lane s o l u t i o n s  f rom f i r s t  
mot ion pa t t e rns  and on depth d i s t r i b u t i o n  p l o t s  o f  about 173 o f  t he  l a r g e r  
a f te rshocks  recorded du r i ng  t h e  study. No assoc ia t ion  between t h e  i n f e r r e d  
f a u l t i n g  and l o c a l  geology was suggested. 

A r e p o r t  o f  t h i s  earthquake i n  "Survey Notes" (November 1977), pub1 ished 
by  t h e  Utah Geological  and Minera l  Survey, i n d i c a t e d  t h e  September 30, 1977 
earthquake occurred along t h e  "Towanta Lineament," a zone o f  " f r a c t u r i n g  
and f a u l t i n g ,  separate f rom t h e  U i n t a  Mountains, ( t h a t )  s t r i k e  N. 70' E. 
a long t h e  south f l a n k  o f  t h e  mountains and extend ou t  i n t o  t h e  bas in  t o  t h e  
south. These apparent ly  r e f l e c t  an anc ient ,  deep-seated rup tu re  of t h e  
e a r t h ' s  c r u s t  t h a t  can be t raced  f rom near t h e  nor theas t  corner  of Utah 
n e a r l y  t o  t h e  Nevada l i n e .  Th is  f r a c t u r i n g  and f a u l t i n g  i s  o l de r  than t he  
U in tas  and i s  apparen t l y  s t i l l  a c t i v e  t o  some extent . "  The assoc ia t ion  o f  
t h e  September 30, 1977 earthquake w i t h  t h e  N. 70" E. t r end ing  "Towanta 
Lineament" i s  i ncons i s ten t  w i t h  USGS-determined f a u l t  o r i e n t a t i o n  based on 
a f te rshock  da ta  ( M a r t i n  and others ,  1983). 

3.2.4 P r i c e  Area 

The f i n a l  area o f  dense ep icen te rs  i s  n o r t h  o f  Pr i ce .  This i s  an area of 
i n t ense  coa l  m in ing  and a l though t h e  ac tua l  cause o f  these earthquakes has 
n o t  been resolved, i t  i s  g e n e r a l l y  be l i eved  t h a t  t h e  earthquakes are an 
induced phenomenon r e l a t e d  t o  t h e  e x t r a c t i o n  o f  coal  (Smith and Arabasz, 
1979). 

3.2.5 Strawberry Va l l ey  Area 

Other s i g n i f i c a n t  events i nc l ude  two earthquakes o f  magnitude 4.0 and 3.7 
t h a t  occurred i n  1963, about 19 and 23 km southwest of So ld i e r  Creek Dam. 
This  i s  near t h e  southern l i m i t  o f  t h e  mapped p o r t i o n  o f  t he  Strawberry 
f a u l t .  A t  l e a s t  e i g h t  o the r  events rang ing  i n  magnitude from 1.0 t o  2.1 
m igh t  be associated w i t h  t h e  St rawberry  f a u l t .  They appear as sca t te red  
events west and on t h e  downthrown s i d e  o f  t h i s  west-dipping normal f a u l t .  
These earthquakes occurred a f t e r  i n s t a l  l a t  i o n  o f  t h e  telemetered array;  thus, 
t h e i r  l o c a t i o n s  are more accurate than t h e  two 1963 events bu t  s t i l l  no t  
s u f f i c i e n t  t o  show a d i r e c t  c o r r e l a t i o n  w i t h  t h e  Strawberry f a u l t .  

The earthquake t o  have been detected and l oca ted  c l o s e s t  t o  So ld i e r  Creek 
Dam was t h e  magnitude 1.2 event shown between t he  sur face  t races  o f  t he  
St rawberry  and S t i n k i n g  Springs f a u l t s  6 km west-northwest o f  t he  dam. This 
earthquake occurred i n  1971; thus, t h e  l o c a t i o n  accuracy does not  prec lude a 
poss ib l e  assoc ia t ion  w i t h  e i t h e r  o f  these f a u l t s .  

3.3 Focal D e ~ t h s  

O f  t he  t h r e e  hypocentra l  parameters ca l cu la ted  du r i ng  t h e  earthquake loca-  
t i o n  process, t h e  f o c a l  depth i s  u s u a l l y  t he  l e a s t  accura te ly  determined. 
Only when t he  ep icen te r  o f  an earthquake i s  w i t h i n  a f o c a l  depth o f  a seismic 
s t a t i o n  record ing  t h e  event can t h e r e  be conf idence i n  t h e  computed depth t o  



t h e  hypocenter. I n  Utah, i n c l u d i n g  t h e  area east  o f  t h e  Wasatch f a u l t ,  
almost a l l  we l l - cons t ra ined  f o c a l  depths are l e s s  than 20 km, and 90 percent 
a re  shal lower  than 10 km (Smith and Arabasz, 1979). Mean focal  depths f o r  
earthquakes occu r r i ng  along t h e  Wasatch Fron t  are between 5.3 and 6.2 km. 
The great  m a j o r i t y  o f  t h e  earthquakes inc luded  i n  t h i s  da ta  set,  however, are 
i n  t h e  magnitude range 0 t o  3. Larger magnitude events can u s u a l l y  be 
expected t o  occur a few k i l ome te rs  deeper. 

Foc a1 Mec h an i sms 

Focal mechanism s o l u t i o n s  have been computed by var ious  i n v e s t i g a t o r s  f o r  
bo th  composite and s i n g l e  earthquakes a t  se lec ted  l o c a t i o n s  along t h e  ISB i n  
Utah ( f i g .  3.5). Most s o l u t i o n s  i n d i c a t e  t h e  s t r ess  regime i s  dominated by 
east-west extens ion w i t h  s t r e s s  re lease  occu r r i ng  along gene ra l l y  nor th -  
t r end ing  high-angle normal f a u l t s .  The l e a s t  compressive s t ress  axes 
( t ens iona l  axes) a re  h o r i  zont a1 and vary  f rom west-southwest east -nor theast  
t o  west-northwest east-southeast but, i n  general, r e f l e c t  Basin-Range s t y l e  
east-west extens ional  tectonism. This  r o t a t i o n  o f  s t r ess  axes may be due t o  
s t r ess  re lease  on o lde r  f a u l t s  o r  zones o f  weakness t h a t  were formed under a 
somewhat d i f f e r e n t  t e c t o n i c  s e t t i n g .  

Th is  s imple reg iona l  p a t t e r n  of east-west extens ion i s  compl icated nor theast  
o f  Provo near Heber City, where i n  two areas, composite so lu t i ons  i n d i c a t e  
t h i s  reg ion  i s  undergoing l o c a l  compression s i m i l a r  t o  t h a t  observed i n  t he  
i n t e r i o r  o f  t h e  Colorado Plateau (near P r i c e ) .  The east-west t r end ing  U i n t a  
Mountains i n t e r s e c t  t he  nor th-south t r end ing  Wasatch Mountains i n  t h i s  area 
and t h i s  apparent reverse  f a u l t i n g  may be j u s t  t h e  man i f es ta t i on  o f  reg iona l  
east-west extens ion upon a complex l o c a l  s t r u c t u r a l  t r a n s i t i o n .  East-west 
extens ional  tecton ism i s  no t  r e s t r i c t e d  t o  t h e  Wasatch Front.  Recent s tud ies  
have documented t h i s  s t y l e  o f  f a u l t i n g  as f a r  east  as Moon Lake about 100 km 
east  o f  t h e  Wasatch f a u l t  a t  t he  nor thern  boundary o f  t he  Colorado Plateau 
(Carver and others ,  1981; M a r t i n  and others ,  1983). Whether t h i s  represents  
a l o c a l i z e d  e f f e c t  a t  t h e  boundary o f  a major physiographic prov ince o r  t h e  
poss ib l e  e a s t e r l y  extens ion o f  Basin-Range t e c t o n i c s  i s  unclear.  

Earthquake Recurrence 

The recurrence i n t e r v a l s  o f  earthquakes l i k e l y  t o  occur i n  t he  mountains and 
back v a l l e y s  east  o f  t he  Wasatch f a u l t ,  i n c l u d i n g  t h e  reg ion  near S o l d i e r  
Creek Dam, can be est imated from an earthquake magnitude versus frequence o f  
occurrence r e l a t i o n s h i p  o f  t h e  usual form log loN = a + bM. I n  t h i s  equa- 
t i o n ,  N i s  t h e  cumulat ive number o f  earthquakes o f  magnitude M o r  l a r g e r  
occu r r i ng  i n  a s p e c i f i e d  area per  year, and a and b are constants e m p i r i c a l l y  
determined from t h e  a v a i l a b l e  h i s t o r i c  recorz .  IdFal  l y ,  a 1 arge da ta  se t  
c o n s i s t i n g  o f  many earthquakes o f  va ry i ng  magnitudes occur r ing  over a long 
pe r i od  o f  t ime i s  used t o  d e r i v e  t he  appropr ia te  r e l a t i o n s h i p .  The h i s t o r i c  
record  i n  t h e  St rawberry  V a l l e y  reg ion  i s  sho r t  and incomplete and, there fo re ,  
da ta  from a l a r g e r  area must be used t o  a r r i v e  a t  a s t a t i s t i c a l l y  acceptable 
s o l u t i o n  f o r  t h e  constants  - a and - b. 

A recurrence r e l a t i o n  has been developed f o r  t h e  Wasatch Front  by Smith 
and Arabasz (1979) us ing  t h e  129-year h i s t o r i c  record  o f  earthquake 
occurrence from 1850 through 1978. The 92 810-km2 area i s  o u t l i n e d  i n  
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Figure 3.5. Schematic summary o f  fault  plane solutions (lower-hemisphere 
projections) for the Utah region. Compressional quadrants are shaded. 
Trends of T-axes are shown by heavy arrows. Hachured zones show sample 
areas for composite solutions. "*" indicates Soldier Creek Dam. (Modified 
from Arabasz and  others, 1979) .  



f i g u r e  3.2 and inc ludes  t he  e n t i r e  s tudy area. The well-known r e l a t i o n s h i p  
o f  Gutenberg and R i c h t e r  (1956), ML = 1 + 2/31 as j u s t i f i e d  app l i cab le  i n  
Utah by  t h e  USGS (1976) was used t o  conver t  Mod i f ied  M e r c a l l i  i n t e n s i t i e s  t o  
magnitudes f o r  noninstrumental  earthquakes. The da ta  set  was cor rec ted  f o r  
incompleteness us ing t h e  method o f  Stepp (1972). The r e s u l t a n t  formula 
sca led t o  1000 krn2 i s  log loN = 1.01 - 0.72M ( f i g .  3.6). 

The b va lue equal t o  0.72 i s  t h e  s lope  o f  t h e  l o g r i t h m i c  curve and i s  a t  t h e  
low znd  o f  t h e  emp i r i ca l  range o f  values. Thus, t h e  occurrence o f  ear th -  
quakes du r i ng  t h e  129-year pe r i od  i s  charac te r i zed  by  a low number o f  small 
magnitude versus l a r g e  magnitude events and i s  i n d i c a t i v e  o f  r e l a t i v e l y  h i gh  
ambient s t r ess  w i t h i n  t h e  Wasatch Front  area. The a value, equal t o  1.01, 
i s  a  measure o f  t he  earthquake f l u x  w i t h i n  t h e  92 8m km2 Wasatch Front  area. 
It i s  a f f ec ted  by t h e  numerous small subareas t h a t  have no t  experienced 
earthquakes du r i ng  t h e  129-year pe r i od  and t h a t  are inc luded i n  t h e  ca l cu la -  
t i o n  as a consequence o f  t h e  method o f  ana lys is .  Therefore, t h e  a va lue does 
n o t  represent  t h e  expected a c t i v i t y  on any g iven  f a u l t ,  bu t  r a t h e r  represents  
an average r a t e  o f  t h e  a c t i v i t y  w i t h i n  any 1000-km2 area w i t h i n  t h e  sampled 
reg ion .  

The de te rmina t ion  o f  f a u l t - r e l a t e d  earthquake recurrence requ i res  knowledge 
o f  f a u l t - s p e c i f i c  earthquake a c t i v i t y .  The a v a i l a b l e  s e i s m i c i t y  data i n  t h e  
ISB, and, i n  p a r t i c u l a r ,  eas t  o f  t h e  Wasatch f a u l t ,  are no t  s u f f i c i e n t l y  
dense and we l l - l oca ted  t o  d e f i n e  t h e  a c t i v i t y  on s p e c i f i c  f a u l t s .  Therefore, 
i n  t h e  s tudy area, t he  average r a t e  f o r  t he  e n t i r e  Wasatch Front  i s  assumed 
t o  be appl i cab le .  Some recurrence i n t e r v a l  i n f o rma t i on  i s  avai 1  ab le  f o r  
l a r g e  magnitude events f rom geo log ic  s tud ies  on t h e  Strawberry f a u l t ,  t he  
most r e c e n t l y  a c t i v e  f a u l t  near S o l d i e r  Creek Dam (sec. 5.3.1). 
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Figure 3.6. Earthquake magnitude versus frequency o f  occurrence relationship 
for the Wasatch Front area. 



4. GEOLOGY OF THE STRAWBERRY VALLEY AREA 

Strawberry  and S o l d i e r  Creek Val l e y s  

The 28-km-long St rawberry  f a u l t  bounds St rawberry  V a l l e y  on t h e  east  w h i l e  
St rawberry  Ridge, 12 km t o  t h e  west, forms t h e  western edge o f  t h e  v a l l e y .  
E i g h t  k i l ome te r s  t o  t h e  east  o f  t h e  St rawberry  f a u l t  t h e  escarpment o f  t h e  
S t i n k i n g  Spr ings f a u l t  ( f i g .  4.1) s i m i l a r l y  bounds t h e  east  edge o f  t h e  much 
sma l le r  S o l d i e r  Creek V a l l e y  ( p l .  2) .  Before St rawberry  Reservo i r  was con- 
s t ruc ted ,  St rawberry  and Co-op Creeks merged a t  t h e  n o r t h  end of St rawberry  
Val ley ,  and t h e  St rawberry  R i v e r  f lowed south through t h e  v a l l e y  t u r n i n g  eas t  
and c u t t i n g  across t h e  175-m-high St rawberry  f a u l t  scarp where t h e  present  
St rawberry  Reservo i r  Dam i s  located.  I nd i an  Creek, a t  t h e  south end o f  t h e  
va l l ey ,  a l so  c u t s  across t h e  St rawberry  f a u l t  scarp ( f i g .  4.2) and j o i n s  t h e  
St rawberry  R i ve r  about 2 km eas t  of t h e  f a u l t .  The r i v e r  cont inues eastward 
6 km where i t  i s  j o i n e d  from t h e  n o r t h  by  S o l d i e r  Creek and cu t s  across t h e  
S t i n k i n g  Spr ings f a u l t  scarp. S o l d i e r  Creek Dam i s  loca ted  j u s t  east  o f  t h e  
scarp i n  t h e  narrow r i v e r  v a l l e y .  Th is  area i s  covered b y  t h e  Co-op Creek, 
Jimmies Po in t ,  and St rawberry  Reservo i r ,  NW., NE., SW., and SE. quadrangles. 

St r a t  i graphy 

The T e r t i a r y  bedrock which covers much o f  t h e  St rawberry  Va l l ey  area has been 
subdiv ided i n t o  t h r e e  format ions:  t h e  Green R i v e r  Formation, o v e r l y i n g  U i n t a  
Formation, and t h e  Duehesne R i  ve r  Format ion ( B i  sse l  1 , 1952; compi 1 a t  i on o f  
Stokes and Madsen, 1961). 

L i t h o l o g i e s  c o n s i s t  o f  f i ne -g ra i ned  and ve ry  f i ne -g ra i ned  gray t o  r e d  sand- 
stones, s i l t s t o n e ,  and conglomerate w i t h  t h e  amount o f  conglomerate inc reas-  
i n g  upward i n  t h e  sec t i on  (Van Arsdale, 1979a, pp. 9-19). Ryder and o the rs  
(1976) have descr ibed t h e  depos i t i ona l  environments o f  t h e  o l des t  T e r t i a r y  
u n i t s  i n  t h e  area i n  d e t a i l  and Anderson and P i ca rd  (1972) have descr ibed t h e  
Duschesne R i v e r  Format ion i n  i t s  t ype  area t o  t h e  east .  Because o f  pronounced 
l a t e r a l  f a c i e s  changes and t h e  l a c k  o f  b i o s t r a t i g r a p h i c  in fo rmat ion ,  e s p e c i a l l y  
f rom t h e  U i n t a  and Duchesne R i v e r  Formations, Van Arsdale (1979a, p. 9 )  chose 
t o  d i s rega rd  t h e  p r e v i o u s l y  used 1 i t h o s t r a t i g r a p h i c  terms (B i sse l  1 , 1952; 
1959; Osmond, 1965; As t in ,  1977) and mapped t h e  bedrock i n  t he  area i n t o  
t h r e e  in fo rma l  l i t h o s t r a t i g r a p h i c  u n i t s  ( u n i t s  1, 2, and 3) (Van Arsdale, 
1979a, p. 19).  The u n i t s  were d i s t i n g u i s h e d  us ing  s lope form, c o n t i n u i t y  of 
co l l uv i um and vege ta t i ve  cover, amount o f  f l o a t  b locks,  c o n t i n u i t y  o f  d i p  
slopes, amount o f  l e n s a t i c  sandstone, and c o l o r .  

''The basal  u n i t  ( u n i t  1 )  i s  i n t e r p r e t e d  as an a l l u v i a l  p l a i n  
depos i t  w h i l e  t he  conformably o v e r l y i n g  o t h e r  two u n i t s  ( 2  and 3) 
represent  an encroaching a l l u v i a l  f a n  complex. The basal  u n i t  
c o r r e l a t e s  w i t h  t h e  Green R i ve r  Format ion o f  Midd le  Eocene age, 
wh i l e  t h e  o the r  two u n i t s  may c o r r e l a t e  w i t h  t h e  U i n t a  Formation o f  
Upper Eocene age o r  t h e  Duchesne R i ve r  Formation o f  Eocene-Oligocene 
age" (Van Arsdale, 1979a, a b s t r a c t ) .  

However, Bruce Bryant (USGS, Denver; o r a l  communication, 1981) has noted t h a t  
fo rmat iona l  boundaries de f i ned  i n  t h e  c e n t r a l  U i n t a  Basin cannot be re1  i ab l y  
f o l l owed  i n t o  t h e  S o l d i e r  Creek area because o f  f a c i e s  changes. 



Figure 4.1. The topographically most prominent portion of the Stinking Springs 
fault scarp looking north from just north of Soldier Creek Dam. A much 
smaller inferred fault forming Soldier Creek Valley may bound the partially 
filled reservoir along its west edge. 



Figure 4.2. The a1 1 uvial plain and the scarp of the Strawberry f au l t  
(Green River Fm.) looking eastward where Indian Creek flows across 
i t  south of Strawberry Reservoir ( p l .  2 ) .  The stepped morphology of 
the bedrock spur a t  the mouth of the canyon i s  suggestive of succes- 
ively shor ter  periods of re la t ive  quiescence on  the faul t  when Indian 
Creek was able t o  widen the mouth of the canyon a l ternat ing with 
periods of more rapid u p ?  i f t .  



4.3 St ruc ture  

"In the  Co-op Creek quadrangle [ (nor th  of Strawberry Reservoir; 
pl . 2)], sedimentary rocks ranging from Pennsylvanian t o  Ter t ia ry  
age are exposed * * *. Allochthonous geosynclinal rocks have been 
thrust eastward over authochthonous shelf  rocks along the  Strawberry 
Valley t h r u s t  in l a t e s t  Cretaceous t o  Paleocene time (Bisse l l  , 
1952, 1959; Astin, 1977). The Strawberry Valley thrust [(west of L 
on p1.2)] i s  considered t o  be a continuation of the  Charleston and 
Nebo t h r u s t s  (B i s se l l  , 1952; 1959). S t ruc tures  associated with the  
thrus t ing  include imbricate thrust s l i c e s ,  fo lds ,  and normal 
f a u l t s .  The imbricate thrust s l i c e s  a re  believed t o  project  
southward under t h e  Tert i ary conglomerates within the  Co-op Creek 
quadrangle (Astin,  1977). Younger normal f a u l t s  and fo lds  a1 so 
e x i s t  i n  t he  Co-op Creek quadrangle. 

"West of Strawberry Reservoir t h e  Ter t i a ry  sedimentary rocks 
general ly s t r i k e  N.50°W and d ip  15"NE, and e a s t  of the  reservoi r  
beds s t r i k e  N.20eW and d ip  8"E * * *. Local disturbances of the  
general s t r u c t u r e  a re  r e l a t ed  t o  f a u l t i n g .  Most f a u l t s  within the  
study area trend nor ther ly  and have normal displacements * * * . ' I  

4.3.1 Stinkina S ~ r i n a s  Fault 

"Stinking Springs f a u l t  mapped in t h i s  study [(C and D on p l .  2 ) ]  
i s  a northeast  t rending f a u l t  which bounds the  eastern s ide  of 
the  a l luvia ted  p la in  of Soldier  Creek [ f ig .  4.11 * * *. S t r a t i -  
graphic o f f s e t  of the  f a u l t  measured in t h e  f i e l d  i s  approxi- 
mately [30 m] 100 f e e t  near Highway 40. Deformation within the  
f a u l t  zone i s  best  seen in t h e  divide near Highway 40 where beds 
of uni t  2 d ip  30" t o  the  west in a zone approximately [30 m]  
100 f e e t  wide. 

"A seismic p r o f i l e  across the  f a u l t  near Highway 40 reveals  
only a ' k i n k '  i n  t h e  Flagstaff  formation a t  about [3 000 m] 
10,000 f e e t  depth w i t h  an o f f s e t  of no more than [30 m ]  100 f e e t  
(Bi 11 Hansen, Amoco Production Company, personal communication). 
Seismic energy breaks up a t  depth in t ravers ing  from e a s t  t o  
west across the  f a u l t  and t h i s  breakup i s  believed t o  r e f l e c t  
t h e  presence of a small foreland fo ld  b e l t  in f ron t  of the  
Strawberry t h r u s t  sheet (Dan Davis, Gulf Oi 1 Company, personal 
communication). Stinking Springs f a u l t  thus appears t o  mark the  
eastern l i m i t  of Strawberry thrust sheet deformation * * *." 

4.3.2 Strawberry Fault 

"Strawberry normal f a u l t  bounds the  eas tern  s i d e  of Strawberry 
Valley and has a down-to-the-west s t r a t i g r a p h i c  and topographic 
o f f s e t  of approximately [I80 m]  600 f e e t  where Indian Creek 
crosses the  f a u l t  scarp ( f i g .  4.2) * * *. A t  t h i s  same loca- 
t ion, seismic da ta  reveal t h a t  the  underlying Fl agstaff  Forma- 
t i o n ,  which i s  a t  a depth of approximately [3 100 m ]  10,200 f e e t  
on the  eastern s ide  of the  f a u l t ,  i s  o f f s e t  [760 m ]  2,500 fee t  



down-to-the-west ( B i  11 Hansen, personal communication). Fau l t  
displacement, as i nd i ca ted  by  scarp he ight ,  decreases south from 
t h e  r e s e r v o i r  area. I n  t h e  cen te r  o f  t h e  nor thern  h a l f  o f  
sec t i on  18, township 5 south, range 11 west * * * [ ( n o r t h  of E 
on p l .  2 ) ] ,  scarp he igh t  has decreased t o  e s s e n t i a l l y  zero, y e t  
seismic da ta  revea l  t h a t  t h e r e  i s  a [150-m] 500-foot d isp lace-  
ment on t h e  F l a g s t a f f  Formation ( B i l l  Hansen, personal com- 
municat ion) .  Strawberry f a u l t  i s  expressed as a s i n g l e  scarp 
from i t s  southern end northward t o  t h e  area of Trout  Creek 
[ ( H  on p l  . 2)]. I n  t h e  Co-op Creek quadrangle [ (  I on p l  . 2)], 
Strawberry f a u l t  i s  expressed as m u l t i p l e  scarps i n  u n i t  3 and 
w i t h i n  a l l u v i a l  f an  m a t e r i a l  [ ( f i g .  4.3 and 4.4)]. Fau l t i ng  
occurs over a zone approx imate ly  [5 km] 3 m i l e s  wide. 

"Deformation i s  p r i n c i p a l l y  conf ined t o  t h e  f a u l t  zone and 
downthrown b lock.  Westward-dipping sandstones crop out-  along 
t h e  base o f  Strawberry f a u l t  scarp a t  I nd ian  and Trou t  Creeks 
* * * [ ( f i g .  4.5)]. Near T rou t  Creek, deformat ion w i t h i n  t h e  
f a u l t  zone cons i s t s  o f  an asymmetrical graben. Sandstone beds 
w i t h i n  t h e  graben d i p  approx imate ly  25' west. This s t r u c t u r a l  
s t y l e  a l so  occurs along S t i n k i n g  Springs f a u l t  near Highway 40 
and w i t h i n  t h e  I nd ian  Creek f a u l t  zone * * *." 

4.3.3 S t r u c t u r a l  O r i g i n  o f  Strawberry Va l l ey  

"The major normal f a u l t  i n  St rawberry  V a l l e y  i s  Strawberry 
f a u l t  * * *. The two westward t r e n d i n g  f a u l t s  south o f  t h e  
r e s e r v o i r  [ ( p l .  2 ) ]  * * * probab ly  c o n t r i b u t e  l i t t l e  t o  t h e  
o r i g i n  and o v e r a l l  geometry o f  t h e  v a l l e y .  Wi th in  t h e  va l l ey ,  
t he  sma l le r  I nd ian  Creek f a u l t  i n  t h e  southwest corner  o f  t h e  
s tudy area e x h i b i t s  t h e  same t ype  o f  displacement as t h a t  on 
Strawberry f a u l t  . Absence o f  any cont inuous n o r t h  t r end ing  
down-to-the-east f a u l t  on t h e  west s i d e  o f  t he  v a l l e y  suggests 
a h inge t ype  o f  mot ion r e s u l t i n g  i n  a t i l t e d  b lock  (ha l f -graben)  
w i t h  Strawberry f a u l t  be ing t h e  s o l i t a r y  bounding normal 
f a u l t  * * * [ ( p l .  2) ] .  

"Based on t h e  absence o f  down t o  t h e  east  f a u l t i n g ,  t he  growth 
h i s t o r y  o f  Strawberry f a u l t ,  and s i m i l a r i t i e s  w i t h  t h e  Idaho- 
Wyoming t h r u s t  b e l t s ,  i t  i s  here suggested t h a t  Strawberry 
Va l ley  i s  a ha l f -graben bounded on t he  east  by Strawberry normal 
f a u l t .  Strawberry f a u l t  i s  i n t e r p r e t e d  t o  be a wes te r l y -  
dipping, l i s t r i c  normal f a u l t  t h a t  merges a t  depth w i t h  a ramp 
i n  t h e  southern con t i nua t i on  o f  t h e  St rawberry  t h r u s t  zone * * *. 
Strawberry normal f a u l t  appears t o  r e f l e c t  a more arcuate and 
sou the r l y  t r a c e  o f  t h e  l ead ing  edge o f  t h e  Charleston-strawberry- 
Nebo t h r u s t  * * *, r a t h e r  than a southwester ly  t r a c e  as p r e v i -  
ous l y  be1 ieved ( B i s s e l l  , 1959; As t i n ,  1977). 

"The St rawberry  t h r u s t  zone l i e s  a t  a depth between (2590 and 
3350 m) 8,500 and 11,000 f e e t  under Danie ls  Canyon i n  t he  western 
p o r t i o n  o f  t h e  Co-op Creek quadrangle (Davis, 1979). A t  Ind ian  
Creek t h e  F l a g s t a f f  Formation has been down-faul t e d  [760 m] 
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Figure 4.3. The Strawberry alluvial fans, Strawberry f au l t ,  and Co-op Creek 
north of Strawberry Reservoir (Fig. 4 .4)  looking eastward. The two faul t  
scarps cutting the fan surface and the main trace of the Strawberry f au l t  
in unit 3 of Van Arsdale, 1979a ( i n  shadow just  above fans) are clearly 
visible. The long terrace along Co-op Creek i s  entirely stream-cut. 
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Figure  4.4. Sketch map of t h e  Strawberry a l l u v i a l  fans along Co-op Creek 

n o r t h  of Strawberry Reservoir .  The l o c a t i o n  o f  t he  Co-op Creek trenches 
across t h e  l a r g e s t  f a u l t  scarp on t he  fans, t h e  p r o f i l e s  measured across 
a l l  3 f a u l t  scarps, auger holes,  dra inage channels on the  fans, and t he  
main t r a c e  o f  t he  Strawberry f a u l t  a t  t h e  head o f  t he  fans a r e  shown. 
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F i g u r e  4 .5 .  Ske tch  map o f  the a r e a  where Ind ian  Creek f l o w s  a c r o s s  the 
S t r a w b e r r y  f a u l t  s c a r p  showing t h e  l o a c t i o n  of push-tube c o r e s  1 and 2 
(F ig .  5 .5)  and a u g e r  h o l e s  3 and 4 (appendix  B )  . The t r a c e  of the f a u l t  
a t  t t ie  s u r f a c e  i s  c l o s e  t o  the west edge o f  the t h i n  col luvium u n i t .  
Near a u g e r  h o l e  4 the f a u l t  t r a c e  may bend o r  make an en echelon jump 
abou t  l O O m  t o  the e a s t .  Westward d i p p i n g  s tr ike and d i p  symbols show 
d r a g  w i t h i n  400111 of the f a u l t  i n  t h e  T e r t i a r y  bedrock ( r e g i o n a l  d i p s  
abou t  lo0 E-NE). Some more E-W o r i e n t e d  symbols a long  t h e  canyon c u t  
by Ind ian  Creek may be due t o  a d j u s t m e n t s  o f  l a r g e  slump b locks .  



2,500 feet  f rom an i n i t i a l  depth o f  approximately [3 100 m] 
10,200 f ee t ;  the re fo re ,  t h e  t h r u s t  zone a t  t h i s  l o c a l e  probably  
1  i e s  a t  a  depth exceeding [3  900 m] 12,700 f e e t .  The Strawberry 
t h r u s t  zone thus plunges southward from i t s  su r face  exposure i n  
t h e  eastern p o r t i o n  o f  t h e  Co-op Creek quadrangle. Paleozoic 
and Mesozoic a l loc thonous rocks  discend southward under T e r t i a r y  
conglomerates i n  t h e  southern p o r t i o n  o f  t h e  Co-op Creek quad- 
rangle,  which a lso  suggests a  l o c a l  sou the r l y  plunge t o  t h e  
Strawberry t h r u s t  zone." 

4.4 Quaternary Geology 

Accurate mapping and d a t i n g  o f  Quaternary depos i ts  are c r i t i c a l  t o  seismic 
hazard assessment because displacement o f  Quaternary deposi ts  where they  
o v e r l i e  f a u l t s  i s  u s u a l l y  t h e  c h i e f  evidence f o r  f a u l t  a c t i v i t y  i n  t h e  
recen t  geolog ic  past.  Unfortunately,  few ex tens ive  Quaternary deposi ts  
are preserved i n  t h e  St rawberry  V a l l e y  area, p a r t i a l l y  due t o  r e s e r v o i r  
f l ood ing  o f  Strawberry and S o l d i e r  Creek va l l eys .  Flood p l a i n s  occur 
along I nd ian  Creek south of St rawberry  Reservoir ,  a long t h e  Strawberry 
R i ve r  and Co-op Creek n o r t h  o f  t h e  r e s e r v o i r ,  and i n  S o l d i e r  Creek Va l l ey  
(Van Arsdale, 1979a, p. 22). The l a r g e  a1 l u v i a l  fans n o r t h  o f  Strawberry 
Reservo i r  are discussed i n  sec t i on  5.3. The o n l y  o the r  deposi ts  o f  any 
s i z e  a re  t h e  h i gh  f l u v i a l  t e r races  along t h e  c e n t r a l  p o r t i o n  o f  Currant 
Creek (sec. 5.2.2) and l ands l i des  j u s t  south of Currant Creek Dam ( B i s s e l l ,  
1952, p. 618) and near C la rks  Camp and Squaw Creek west and southwest o f  
Strawberry Reservo i r  ( p l  . 2) (Van Arsdale, 1979a, p. 23). Minor areas o f  
a1 luvium and c o l  luvium occur throughout t h e  area, and B i s s e l l  (1952) and 
A s t i n  (1977) i d e n t i f i e d  g l a c i a l  depos i ts  a t  h igher  e l eva t i ons  i n  t he  nor thern  
p a r t  o f  t h e  area. 

4.4.1 Chronology 

No s tud ies  o f  t h e  chronology o f  t h e  Quaternary depos i ts  i n  t he  area have 
been made, no doubt because t h e  a l l u v i a l  and c o l l u v i a l  deposi ts  are d i f f i c u l t  
t o  r e l a t e  t o  t h e  c l i m a t i c  changes du r i ng  t h e  Quaternary which are t h e  p r imary  
bas i s  f o r  c o r r e l  a t i  on o f  Quaternary deposi ts .  Ast i n  (1977) suggested 
t h a t  major per iods  o f  a1 l u v i  a1 f an  sedimentat ion occurred dur ing  g l  a c i  a t  ions 
due t o  h igher  p r e c i p i t a t i o n .  However, p r e c i p i t a t i o n  was probably h ighes t  
du r i ng  t h e  i n i t i a l  stages o f  deg lac ia t i on .  The c l oses t  d e t a i l e d  work on 
Quaternary depos i ts  i n  t h e  reg ion  i s  t h a t  o f  Atwood (1909), Osborn (1973), 
Madsen and Curry  (1979), Sco t t  and o thers  (1980), S u l l i v a n  and o thers  (1983), 
Ma r t i n  and o thers  (1983), Shroba (1982), and Nelson and Kr insky  (1982). 
These and o the r  Quaternary s tud ies  i n  nor theas te rn  Utah and t h e i r  reg iona l  
c o r r e l a t i o n  are discussed more e x t e n s i v e l y  i n  Mar t i n  and others  (1983) and 
Sul 1  i van  and o thers  (1983). 

Studies o f  Quaternary chronology i n  t h e  Rocky Mountain reg ion  are o n l y  
use fu l  i n  a  general way i n  p r o v i d i n g  s o i l  p r o f i l e  development da ta  f o r  
comparison w i t h  s o i l s  developed on t h e  Co-op Creek a l l u v i a l  fans ( n o r t h  
o f  Strawberry Reservo i r )  and t h e  t e r races  along Currant Creek (secs. 5.2 
and 5.3). 



B r i e f l y ,  most Quaternary chronology s tud ies  i n  t h e  Rocky Mountain reg ion  
have subdiv ided deposi ts  of t h e  most recen t  major g l a c i a t i o n s  i n t o  those 
deposi ted du r i ng  " B u l l  Lake" g l a c i a t i o n  and "Pinedale" g l a c i a t i o n  (Richmond, 
1965; Madole, 1976; Pierce, 1979). I n  terms of s o i l  development, s o i l s  on 
" B u l l  Lake" depos i ts  commonly have weakly t o  s t r o n g l y  developed a r g i l l i c  B 
hor i zons  w i t h  redder hues than unde r l y i ng  hor izons, wh i l e  s o i l s  on "Pinedale" 
depos i t s  have o n l y  cambic t o  weak a r g i l l i c  B hor izons (B i r ke land  and Shroba, 
1974; Mahanney, 1978; Madole and Shroba, 1979; Pierce, 1979). La tes t  "Pine- 
da le "  and Holocene depos i ts  commonly d i s p l a y  s o i l s  w i t hou t  B hor izons o r  w i t h  
weak cambic hor izons.  Because t h e  c r i t e r i a  used t o  subdiv ide these depos i ts  
i n t o  these re l a t i ve -age  groups (morphologic, sur face and subsurface stone 
weathering, and s o i  1 development da ta )  a re  r e 1  a t i v e  w i t h i n  t h e  l o c a l  sequence, 
depos i ts  f rom d i f f e r e n c e  sequences i n  t h e  r e g i o n  assigned t o  t h e  same r e l a t i v e  
age group may be o f  w ide l y  d i f f e r i n g  ages (P ierce,  1979; Po r te r  and others,  
1982). We use these terms w i t h  quo ta t i on  marks ( f o r  example, Nelson and 
others ,  1979) t o  emphasize our  use o f  them as in fo rma l  r eg iona l  quasi-geologic- 
c l i m a t e  u n i t s  w i t h  t ime- t ransgress ive  boundaries based on major weathering 
and morphologic breaks i n  t h e  l o c a l  l a t e  Quaternary sequence. 

However, numerical  ages have been obta ined f o r  "Bu l l  Lakeu depos i ts  i n  
severa l  areas (P ie r ce  and others ,  1976; Szabo, 1980; Colman and Pierce, 
1981) and a number of 14C analyses se t  upper l i m i t s  on t he  ages o f  t h e  
var ious  phases o f  "Pinedale" g l a c i a t i o n  ( P o r t e r  and others ,  1982). Many 
" B u l l  Lake" depos i ts  are p robab ly  about t h e  same age as those a t  West Yellow- 
stone dated a t  about 140 Ka (P ie r ce  and others ;  1976); some o thers  may 
c o r r e l a t e  w i t h  t h e  g l a c i a l  event i d e n t i f i e d  by Colman and P ie rce  (1981) dated 
a t  about 60 t o  70 Ka. Although some may be as o l d  as t h i s  l a t t e r  event, most 
depos i ts  assigned t o  a major "Pinedale" g l a c i a t i o n  are probably  i n  t h e  range 
of 15 t o  40 Ka (Pierce,  1979; p o r t e r  and others ,  1982). Most l a t e s t  "Pinedalel' 
depos i t s  are o l d e r  than 11.5 Ka ( P o r t e r  and others ,  1982). 

Closer t o  t h e  St rawberry  Val ley ,  Shroba (1980, 1982) has c a l  i b r a t e d  age- 
dependent B- and Cca-horizon p r o p e r t i e s  on depos i ts  along t h e  Wasatch 
Fron t  us ing  t h e  age-dated s t r a t i g r a p h i c  framework o f  Sco t t  and o thers  
(1980) and McCoy (1981). La te  Holocene depos i ts  l ack  B hor izons, m idd le  
Holocene depos i ts  have cambic B hor izons,  and e a r l y  Holocene deposi ts  have 
weak a r g i  11 i c  B hor izons, and Provo and Bonnevi 1 l e  age depos i ts  have o n l y  
s l i g h t l y  b e t t e r  developed a r g i l l i c  hor izons.  A r g i l l i c  hor izons on depos i ts  
more than 100 Ka are t h i c k e r ,  more clayey, and g e n e r a l l y  redder than those on 
younger s o i l s .  

Despi te  t h e  many problems i n  us ing  r e l a t i v e  s o i l  development data f o r  
chronocorre l  a t  i o n  ( B i r k e l  and, 1974; Pierce, 1979), ca re fu l  compari son o f  
q u a n t i t a t i v e  re l a t i ve -age  da ta  (such as s o i  1 p r o f i l e  parameters) f rom 
depos i ts  o f  unknown age w i t h  s i m i l a r  da ta  f rom these areas where numerical 
ages are a v a i l a b l e  a l lows f i r s t  approximat ion age l i m i t s  t o  be set  f o r  t h e  
depos i ts  o f  unknown age. 

4.4.2 Geomorphology 

The general T e r t i a r y  and Quaternary geomorphic development o f  t he  reg ion  
i s  discussed by  Sul 1 i v a n  and o the rs  (1983).  A1 though 1 i t t l e  chronolog ic  
i n fo rma t i on  i s  ava i lab le ,  Van Arsda le 's  (1979a, p. 34-47; quoted below) 



d iscuss ion  o f  t h e  geomorphology of t h e  St rawberry  Va l l ey  area ( t o  which we 
have l i t t l e  t o  add) shows how Quaternary f a u l t i n g  con t i nu ing  i n t o  t he  
Holocene has in f luenced  t h e  dra inage development o f  t h e  area. 

F l  u v i  a1 

"Streams d r a i n i n g  eastward f rom Strawberry  Ridge [ ( p l .  2 ) ]  * * * 
i n t o  Strawberry V a l l e y  f l o w  w i t h i n  s t r i k e  v a l l e y s  wh i l e  many 
f i r s t  o rder  streams throughout t h e  area f l o w  down d i p  slopes, 
as mapped on a e r i a l  photographs. I n  general, however, second 
o rder  and l a r g e r  streams are consequent throughout t h e  area (Threet,  
1959). Strawberry Va l l ey  i s  s t r u c t u r a l l y  a s i n g l e  v a l l e y  bu t  
inc ludes Strawberry R i ve r  and I nd ian  Creek drainage basins. The 
drainage ne t  o f  St rawberry  R i ve r  n o r t h  o f  Strawberry Reservoir  and 
those o f  I nd ian  and Chipman Creeks south o f  t h e  r e s e r v o i r  p a r a l l e l  
t h e  herr ingbone drainage p a t t e r n  t h a t  l i e s  t o  t h e  east  i n  t h e  U i n t a  
Basin. 

"Most a1 l u v i  a1 fans  e x h i b i t  i n c i s e d  drainage and small,  r a t h e r  
l o c a l i z e d  smal l  areas o f  depos i t ion .  Sediment i s  l a r g e l y  bypassing 
t h e  a l l u v i a l  fans and e n t e r i n g  t h e  a x i a l  drainages o f  Strawberry 
R iver  and Co-op Creek. Maximum a1 l u v i a l  th i ckness  i n  t he  Co-op 
Creek quadrangle i s  est imated t o  be [27 t o  37 m] 90 t o  120 f e e t  
(As t in ,  1977) whereas, south o f  I nd ian  Creek, t h e  v a l l e y  f l o o r  i s  
p r i n c i p a l l y  bedrock a t  t h e  sur face.  Strawberry R iver  has been 
aggrading r e c e n t l y  as shown by a l l u v i a l  drowning o f  bedrock i n l i e r s  * * *. A l l u v i a t i o n  has c rea ted  a sharp angle between t he  i n l i e r  and 
t he  a1 luv ium r a t h e r  than t he  normal, g e n t l e  concave slope. The 
sharp angle a l so  occurs along t h e  s ides o f  Strawberry Va l l ey  and up 
t h e  t r i b u t a r y  va l l eys .  The present  geomorphic processes appear t o  
be a l l u v i a t i o n  o f  t h e  v a l l e y s  o f  a x i a l  streams, and eros ion by  
t r i b u t a r y  streams d r a i n i n g  t h e  s ides o f  Strawberry Val ley."  

4.4.2.2 S t r u c t u r a l  I n f l uence  on St rawberry  R iver  and I nd ian  Creek Val leys 

" Ind ian  Creek f l ows  across an a l l u v i a t e d  p l a i n  i n  Strawberry 
Va l ley  and w i t h i n  a narrow bedrock canyon east  o f  Strawberry 
f a u l t  [ ( p l .  2 ) ]  * * *. The bedrock canyon widens downstream 
i n t o  an a l l u v i a t e d  p l a i n  which merges w i t h  t h e  a l l u v i a l  p l a i n  
o f  So ld i e r  Creek (now submerged beneath So ld i e r  Creek Reservo i r )  * * *. Immediately east o f  S t i n k i n g  Springs f a u l t ,  Strawberry R iver  
again f l ows  i n  a narrow bedrock canyon. Th is  v a l l e y  morphology and 
a l l u v i a t i o n  suggests t h a t  t h e  area from Strawberry f a u l t  t o  S t i n k i n g  
Springs f a u l t  has been t i l t e d  down t o  t h e  east * * *. Eastward 
t i l t i n g  would promote downcutt ing i n  t h e  upstream reach and l a t e r a l  
co r ros ion  and a l l u v i a t i o n  i n  t h e  lower reach. So ld ie r  Creek 
d ra ins  approximately h a l f  o f  t h i s  e a s t e r l y  t i l t e d  b lock  and f lows  
southward along t he  base o f  S t i n k i n g  Springs f a u l t .  Thus, t he  
s t r u c t u r a l  h i s t o r y  and geomorphology o f  t h e  a1 1 uv ia ted  v a l l e y  o f  
So ld i e r  Creek i s  g r o s s l y  s i m i l a r  t o  t h a t  o f  Strawberry Va l ley  bu t  o f  
much sma l le r  sca le . "  



4.4.2.3 Pediments 

"The area bounded by  St rawberry  V a l l e y  on t h e  west, So ld i e r  Creek on 
t h e  east, Highway 40 on t h e  nor th ,  and St rawberry  R iver  on t he  south 
shows r e l a t i v e l y  low topography and low r e l i e f  [ ( p l  . 2 ) ]  * * *. Two 
p a r t i a l l y  d issec ted  pediment remnants capped by  s o i l ,  and cobbles 
and boulders  o f  q u a r t z i t e ,  l i e  w i t h i n  t h i s  area [(southwest o f  C on 
p l .  2 ) ]  * * *. The pediments s lope eastward a t  two t o  t h ree  degrees 
i n  t h e i r  southern po r t i ons ,  and t h e  unde r l y i ng  rocks  o f  u n i t  2 d i p  
nor theas t  a t  approximately 9 degrees, r e s u l t i n g  i n  a s u b t l e  t runca-  
t i o n  o f  s t r u c t u r e  * * *. Both pediments l i e  a t  approximately t h e  
same e leva t i on .  Pediment T [ ( T  on p l  . 2 ) ]  descends from [2440 m] 
8000 f e e t  i n  i t s  nor thwest  corner  t o  [2330 m] 7640 f e e t  i n  i t s  
southeast corner  and pediment U [ (U on p l .  2 ) ]  descends from [2400 m] 
7880 f e e t  i n  i t s  nor thwest  co rner  t o  [2300 m] 7560 f e e t  i n  i t s  
southeast corner.  Pediment T has eastward- f lowing drainage which 
en te r s  Badger Hol low Creek and pediment U has eastward-f lowing 
dra inage which en te rs  S o l d i e r  Creek * * *. The pediments are c u t  i n  
t h e  lower and midd le  p a r t s  o f  u n i t  2 which con ta ins  few cobbles and 
no boulders.  The cobbles and boulders  which cover t h e  pediments are 
be l ieved  t o  come f rom conglomerat ic  lenses s t r a t i g r a p h i c a l l y  h igher  
i n  u n i t  2, which c rop  ou t  i n  t h e  headwaters o f  Badger Hol low Creek 
and S o l d i e r  Creek. 

"The cross sec t ions  o f  S o l d i e r  Creek Valley-and Badger Hol low 
are markedly asymmetric. Both v a l l e y s  have a steep eastern s i de  and 
a gen t l e - s l op ing  pediment on t h e  western s i d e  [ f i g .  4.11. The 
asymmetry suggests t h a t  t h e  creeks s h i f t e d  eastward du r i ng  i n c i s i o n .  
The pediments appear t o  have formed by l a t e r a l  p l ana t i on  and i n c i s i o n  
by t h e  two creeks. It i s  be l i eved  t h a t  as t h e  creeks s h i f t e d  
eastward, cobbles and boulders  der i ved  f rom h igher  i n  t h e  sect ion,  
were deposi ted as a 1 ag g rave l  . 
"So ld i e r  Creek and Badger Hol low Creek have approximately p a r a l l e l  
courses f o r  most o f  t h e i r  upstream reach; however, i n  i t s  lower 
reach, Badger Hol low makes a 90 degree t u r n  t o  t h e  southwest and 
en te rs  Strawberry R i ve r  * * *. Badger Hol low Creek appears t o  have 
undercut t h e  northwest co rner  o f  pediment U, thereby producing t h e  
[37-m] 120-foot h i gh  Windy Ridge escarpment * * *. Windy Ridge, 
however, cont inues t o  t h e  south beyond t h e  p o i n t  where Badger Hol low 
Creek t u r n s  southwest. 

"Barbed t r i b u t a r i e s  o f  Badger Hol low Creek and Road Hol low Creek 
e x i s t  i n  t h e  area where Badger Hol low Creek t u r n s  southwest * * *. 
The barbed t r i b u t a r i e s  suggest t h a t  t h e  o r i g i n a l  drainage i n  t h i s  
area was t o  t h e  east  as p r e s e n t l y  e x i s t s  on pediment T. The barbed 
t r i b u t a r i e s  and t h e  anomalous southwest bend i n  Badger Hol low Creek 
suggest t h a t  headward e ros ion  along t h e  lower reach o f  t h e  present 
course o f  Badger Hol low Creek captured t h e  headwaters o f  a previous, 
southeast f l ow ing ,  h i ghe r - l eve l  course. The southern con t inu-  
a t i o n  o f  Windy Ridge may thus  have formed by unde rcu t t i ng  along a 
previous, south-east f l ow ing ,  h i ghe r - l eve l  course o f  Badger Hollow 
Creek. 



"A smal l  graben has o f f s e t  t h e  pediment U sur face  by  approxi-  
mate ly  [6 m] 20 fee t  [ ( p l  . 2 ) ]  * * *. The southeast corner o f  
pediment U a l so  appears t o  have been t runca ted  by  movement on t he  
S t i n k i n g  Springs f a u l t  zone * * *. Thus movement on t h e  graben, and 
a t  l e a s t  t h e  l a t e s t  movement o f  S t i n k i n g  Springs f a u l t ,  appears t o  
postdate t h e  fo rmat ion  o f  pediment U. 

"No f a u l t e d  a l l u v i a l  fans were found along S t i n k i n g  Springs f a u l t ;  
however, t h e  f a u l t i n g  o f  pediment U and t h e  observat ion by Threet 
(1959) t h a t  S t i n k i n g  Springs f a u l t  scarp s t i l l  impounds t he  drainage 
on t he  upstream b lock  c e r t a i n l y  suggests recent  movement along 
S t i n k i n g  Springs f a u l t . "  

Damsi t e  Geology 

4.5.1 Geomorphology 

S o l d i e r  Creek Dam i s  loca ted  i n  t h e  narrow gorge c u t  by t h e  Strawberry 
R i ve r  i n  t h e  upper sec t i on  o f  t h e  Green R i ve r  Formation ( u n i t  3  o f  Van 
Arsdale, 1979a) on t h e  upthrown s i d e  o f  t h e  S t i n k i n g  Springs f a u l t  about 
180 m east  o f  t he  f a u l t  scarp ( f i g .  1.1). No l ands l i des  o r  o ther  s i g n i -  
f i c a n t  geomorphic hazards have been i d e n t i f i e d  a t  t h e  damsite. The s i t e  
geology has been w e l l  descr ibed by  Thompson (1965, pp. 4-6): 

"The r i g h t  abutment i s  f a i r l y  steep having a s lope o f  about 2-1/2:1 
and i s  loca ted  on a long narrow no r th - t r end ing  r i dge .  This r i d g e  i s  
loca ted  between t h e  gorge c u t  by t h e  St rawberry  R i ve r  and t h e  
shal low v a l l e y  eroded along t h e  S t i n k i n g  Springs f a u l t .  The r i d g e  
i s  about [50 m] 165 fee$ wide a t  c r e s t  e l e v a t i o n  and i s  o n l y  about 
1335 m] 1100 f e e t  wide f rom t h e  stream channel t o  t h e  f a u l t  t race .  
The r i d g e  widens r a p i d l y ,  however, downstream from t h e  damsite. The 
l e f t  abutment i s  a  f a i r l y  steep s lope (about 2 : l )  which slopes up t o  
a  high, f a i r l y  f l  at- topped p la teau,  known as Currant Creek Mountain. 
The stream channel i s  about [46 m] 150 f e e t  wide a t  t h e  ax is  ." 

4.5.2 S t ra t i g raphy  

"The damsite i s  loca ted  e n t i r e l y  w i t h i n  members o f  t h e  Green 
R iver  format ion.  However, t h i s  i s  w i t h i n  t h e  upper most members 
o f  t h e  fo rmat ion  and i s  w i t h i n  rocks o f  t h e  t r a n s i t i o n  zone 
between t h e  Green R i ve r  and t h e  o v e r l y i n g  U i n t a  format ion 
[ u n i t s  1 and 2 o f  Van Arsdale, 1979a1. The Green R i ve r  i s  
t y p i c a l l y  l a c u s t r i n e  deposi ts .  It cons i s t s  predominant ly of 
f a i r l y  even and cont inuous beds o f  s i l t s t o n e  and shale w i t h  some 
l imestone and calcareous sandstone beds. A t  t h e  damsite, t h e  
beds show d e f i n i t e  f l u v i a l  ac t ion .  Channels have been c u t  i n t o  
t h e  t y p i c a l  Green R i ve r  beds and have been b a c k f i l l e d  w i t h  c lean 
sandstone. The lower p o r t i o n s  o f  t h e  channels are coarse- 
gra ined and i nc l ude  small lenses o f  conglomerates. 

"The t r a n s i t i o n  from t h e  Green R i ve r  t o  t h e  U i n t a  i s  ve ry  
gradual and a d e f i n i t e  con tac t  f rom one t o  t h e  o the r  i s  non- 
ex i s ten t .  The gradual change on t he  rocks a t  t he  damsite has 



no t  affected them s t r u c t u r a l l y ,  j u s t  l i t h o l o g i c a l l y ,  t h e  sand- 
stone beds are ve ry  l e n t i c u l a r ,  changing i n  sho r t  d is tances i n t o  
s i l t s t o n e  and shale. The l e n t i c u l a r  na tu re  of t h e  sandstone 
beds suggest depos i t i on  on meander curves o f  slow, h e a v i l y  
loaded streams. Co r re l a t i on  o f  bedding a t  t h e  damsite, a1 though 
no t  o f  any importance t o  t h e  s u i t a b i l i t y  o f  t h e  s i t e ,  i s  ve ry  
d i f f i c u l t .  

"The abutment rock  i s  predominant ly  w e l l  cemented calcareous 
s i l t s t o n e  and in terbedded calcareous sandstone w i t h  minor beds 
o f  shale and l imestone. A l l  o f  t h i s  rock  has been eroded and 
b a c k f i l l e d  by  i r r e g u l a r  sandstone channels. The shaley beds are 
s o f t e r  and weather more e a s i l y  than t he  o the r  rocks. The 
sandstone w i t h i n  t he  o l d  channels i s  t h e  most r e s i s t a n t  and 
stands as ledges on bo th  abutment s lopes. A l l  of t h e  rocks are 
o f  good q u a l i t y ;  even t h e  shales are f a i r l y  w e l l  cemented and 
o f  good q u a l i t y .  D i s t i n c t  bedding occurs a t  [1.3 cm t o  5 cm] 
0.5 t o  2 i n ch  i n t e r v a l s  i n  t h e  shale and a t  [15 t o  60 cm] 6 i nch  
t o  2 fee t  i n t e r v a l s  i n  t h e  s i l t s t o n e .  The sandstones are mos t l y  
massive and beddings are g e n e r a l l y  i n d i s t i n c t .  

"There i s  ve ry  l i t t l e  overburden on t h e  l e f t  s ide.  A few f e e t  
o f  slopewash has accumulated a t  t h e  base o f  t h e  slope; o therwise 
o n l y  a few loose sandstone s labs  and l o c a l l y  a few inches o f  
lean c l a y  der i ved  f rom t h e  weather ing o f  t h e  shale and s i l t s t o n e  
cover t h e  slope. 

"The r i g h t  abutment a l so  has a few fee t  o f  slopewash a t  t h e  base 
o f  t h e  slope. Above t h a t ,  t h e  rock  i s  exposed o r  i s  w i t h i n  a 
few inches o f  t h e  sur face  a l l  t h e  way t o  c r e s t  e l eva t i on .  On 
t h e  downstream s ide  o f  t h e  axis,  however, a cons iderable t h i c k -  
ness o f  overburden has accumulated. The mater i  a1 cons i s t s  o f  
s i l t y  t o  c layey  sand con ta in i ng  cons iderable angular sandstone 
t a l us ,  ranging i n  s i z e  f rom grave l  t o  l a r g e  b locks.  Meandering 
o f  t h e  stream when f l o w i n g  a t  h igher  e l eva t i ons  has apparent ly  
c u t  i n t o  t h e  rock and l e f t  f a i r l y  f l a t  benches on which slopewash 
m a t e r i a l s  have accumulated. * * *I1 

4.5.3 S t ruc tu re  

"The U i n t a  fo rmat ion  c o n s t i t u t e s  t he  sur face rock  throughout 
most o f  t h e  r e s e r v o i r  and surrounding area. Fau l t ing ,  however, 
has exposed t h e  upper beds o f  t h e  Green R i v e r  fo rmat ion  along 
t h e  south and east  s i de  o f  t h e  e x i s t i n g  r e s e r v o i r  and a l so  along 
t h e  Strawberry R i ve r  downstream f rom S t i n k i n g  Springs. The 
bedrock format ions are n e a r l y  h o r i z o n t a l  w i t h  o n l y  a s l i g h t  
r eg iona l  d i p  toward t h e  eas t  o f  about 3 " .  Drag along t h e  f a u l t s  
has bent and bad l y  broken t h e  beds w i t h i n  t h e  downthrown b lock 
f o r  a few hundred f e e t  upstream f rom t h e  f a u l t  scarps, b u t  
appears t o  have had l i t t l e  e f f e c t  on t h e  o v e r a l l  s t r u c t u r e  o f  
t he  area. 



"The S t i nk ing  Springs f a u l t  scarp [ ( f i g .  4.1)] i s  located about 
[ I20  m] 400 f e e t  west from t h e  r i g h t  abutment a t  c r e s t  e leva t ion .  
Amount o f  displacement i s  no t  e a s i l y  d i s c e r n i b l e  bu t  i s  more 
than a few hundred f e e t  v e r t i c a l l y .  The upthrown b lock a t  t he  
s i t e  has exposed [90 t o  120 m] 300 t o  400 feet  of upper Green 
River  beds wh i le  t he  downthrown b lock i s  e n t i r e l y  o f  U in ta  
formation. Hor izonta l  displacement appears t o  have been l i t t l e  
i f  not  i n s i g n i f i c a n t .  

"The f a u l t  i s  a  zone about [ I500 m] 5000 f e e t  wide a t  S t i nk ing  
Springs bu t  the  displacement i s  g rea ter  along t h e  scarp a t  t he  
east edge of t he  zone. The downdropped b lock i s  bel ieved t o  be 
a small graben w i t h  t he  rocks broken and fo lded f o r  on ly  a few 
hundred f e e t  upstream from t h e  scarp. The beds of the  upthrown 
block ( t h e  foundat ion rock o f  t he  dam) have been on l y  s l i g h t l y  
t i l t e d  t o  t he  west by t h e  drag; otherwise, they  have not  been 
s t r u c t u r a l l y  a f fec ted  and have remained unbroken and sound. The 
beds o f  t h e  U i n t a  on t h e  downthrown b lock are so f t  t o  moderately 
hard and incompetent. Being weak they  have suffered t h e  e f f ec t s  
o f  t he  movement wh i le  t he  Green R iver  beds are hard and competent 
and have remained essent i a1 1 y  unchanged. 

"The f a u l t i n g  does not  present any s t r u c t u r a l  problems a t  t he  
damsite. The o n l y  s i g n i f i c a n t  s t r u c t u r a l  defect  o f  t he  founda- 
t i o n  rock i s  t h e  j o i n t i n g .  Regional j o i n t s  spaced from 115 t o  
about 76 cm] 6 t o  30 inch  apart  are very  prominent and are found 
throughout a1 1 o f  t he  exposed Green River  format ion.  Two 
pr imary j o i n t  systems, bo th  v e r t i c a l ,  were recognized a t  t he  
s i t e ,  one t rend ing  N. 25-30" E., t he  o ther  N. 50-55" W .  Other 
j o i n t s  are present which t rend about north-south bu t  are 
bel ieved t o  be sur face r e l i e f  j o i n t s .  A l l  o f  t he  j o i n t s ,  as 
shown by the  d r i l l  holes, are open near t he  surface bu t  t i g h t e n  
w i t h  depth. D r i l l i n g  has shown the  j o i n t s ,  although open, are 
no t  badly  weathered and some are f i l l e d  w i t h  c a l c i t e .  * * *" 



5. SEISMOTECTONIC INVESTIGATIONS 

5.1 Lineament Mapping 

5.1.1 Methods 

Seismotectonic i n v e s t i g a t i o n s  f o r  S o l d i e r  Creek Dam began w i t h  an evalua- 
t i o n  o f  p r e v i o u s l y  mapped ( B i s s e l l ,  1952; Stokes and Madsen, 1961; Baker, 
1976; Ast in ,  1977; Van Arsdale, 1979a) and p o t e n t i a l  f a u l t s  w i t h i n  100 km 
o f  t h e  dam which cou ld  generate earthquakes which would pose a hazard t o  
t h e  dam. This  i n i t i a l  eva lua t i on  inc luded  a s tudy  o f  landsat  imagery by  
Peterson and others . (1982)  and a b r i e f  rev iew o f  1:60,000 and 1:80,000 
sca le  b lack  and wh i t e  a i r  photographs o f  most o f  t h i s  area. The imagery 
s tud ies,  e x i s t i n g  mapping, and l i t e r a t u r e  ( C l u f f  and others ,  1975; 
Anderson, 1979; Anderson and M i  1 l e r ,  1979; Swan and others,  1980), and 
concurrent  USBR s tud ies  ( S u l l  i v a n  and others ,  1983; M a r t i n  and others,  
1983) show t h a t  t h e  Wasatch f a u l t ,  45 km west o f  So ld i e r  Creek Dam, i s  t h e  
most cont inuous and by  f a r  t h e  most a c t i v e  t e c t o n i c  s t r u c t u r e  i n  t h e  area. 
A l l  o t he r  s t r u c t u r e s  a t  a g rea te r  d is tance  from t h e  dam were judged t o  
pose much l e s s  hazard t o  t h e  dam. Fau l t s  on t h e  Wasatch Plateau ( d i s -  
cussed by S u l l i v a n  and others ,  1983) which extend t o  w i t h i n  40 krn o f  
S o l d i e r  Creek Dam may pose some hazard t o  t h e  dam, b u t  ground motions f rom 
these s t r u c t u r e s  would pose l e s s  o f  a hazard than those from t h e  Wasatch 
f a u l t .  The hazard f rom t h e  Wasatch P la teau  f a u l t s  w i l l  be addressed i n  
f u t u r e  se ismotecton ic  s tud ies  f o r  Joes V a l l e y  and Sco f ie ld  Dams. For 
these reasons, more d e t a i l e d  f a u l t  i n v e s t i g a t i o n s  were l i m i t e d  t o  those 
s t r u c t u r e s  w i t h i n  40 km o f  t h e  dam. 

With a more d e t a i l e d  rev iew o f  1:60,000 b lack  and wh i t e  a i r  photographs i n  
t h i s  area and 1:15,000 c o l o r  photographs o f  se lec ted  areas nearer t h e  dam, 
we i d e n t i f i e d  most p r e v i o u s l y  mapped f a u l t s  and some a d d i t i o n a l  l ineaments 
suspected o f  be ing f a u l t s .  L im i t ed  p rev ious  work i n  t h e  area (Van Arsdale, 
1979a) and our more d e t a i l e d  imagery rev iew i n d i c a t e d  t h a t  t h e  Strawberry 
f a u l t  and t h e  S t i n k i n g  Springs f a u l t ,  8 and 0.2 km from t h e  dam, respec- 
t i v e l y ,  were c l e a r l y  t h e  most a c t i v e  f a u l t s  ( d e f i n i t i o n  o f  Wallace, 1981) i n  
t h e  v i c i n i t y  of t h e  dam. Thus, we l i m i t e d  our  f i e l d  reconnaissance o f  
p r e v i o u s l y  mapped f a u l t s  and our  i d e n t i f i e d  1 ineaments (suspected f a u l t s )  t o  
those w i t h i n  15 t o  20 km o f  t h e  dam ( p l .  2 ) .  

Dur ing our f i e l d  reconnaissance we attempted t o  con f i rm the  presence o f  
p r e v i o u s l y  mapped f a u l t s  i n  T e r t i a r y  o r  younger u n i t s  as we l l  as determine 
which o f  our  mapped l ineaments were f a u l t s .  We d i v i d e d  these features 
i n t o  f i v e  ca tegor ies  ( p l .  2 ) :  

a. P rev ious l y  mapped f a u l t s  f o r  which we found good f i e l d  evidence, 
such as an exposure o f  s t r a t i g r a p h i c  o f f s e t  o r  prominent topo- 
graphic  expression o f  a f a u l t  scarp 

b. P rev ious l y  mapped f a u l t s  where t h e  f i e l d  evidence was l i m i t e d  o r  
ambiguous ( l e s s  prominent o r  l e s s  cont inuous topographic expres- 
s ion  and/or no exposures) 



c. Prev ious ly  i n fe r red  f a u l t s  where f i e l d  evidence was ambiguous (no 
exposures o r  topographic  express ion)  

d. Add i t i ona l  f a u l t s  i d e n t i f i e d  i n  t h i s  s tudy  by s t r a t i g r a p h i c  o f f s e t  
o r  prominent topographic  expression 

e. Add i t i ona l  topographic  l ineaments which are s t r o n g l y  suggest ive of 
f a u l t i n g ,  b u t  where f i e l d  evidence i s  ambiguous 

The f a u l t s  and f a u l t  systems i d e n t i f i e d  i n  t h e  l ineament s tudy which were 
examined i n  t h e  f i e l d  reconnaissance are discussed below. 

5.1.2 Fau l t s  i n  t h e  S o l d i e r  Creek Area 

Lower Currant Creek f a u l t  system (A on p l  . 2) 

These f a u l t s  are 3 t o  6 km i n  length,  t r e n d  N. 5" E. and form a smal l  
ho rs t .  Discont inuous l ineament segments extending southward on landsat  
imagery imp l y  these f a u l t s  might  be longer  than mapped (Peterson and others,  
1982). The eastern two f a u l t s  shown by Stokes and Madsen (1961), c u t  t he  
T e r t i a r y  U i n t a  Formation. Stream a l l uv i um i s  t h e  o n l y  Quaternary u n i t  which 
t h e  f a u l t s  cross, and no s u r f i c i a l  o f f s e t  was observed. Outcrops showing 
d isp laced  bedrock u n i t s  were found f o r  each o f  t h e  mapped f a u l t s  i n  Currant 
Creek Canyon. Most appear t o  be expressed as topographic steps i n  r i d g e  
c r e s t s  i n  t h e  area. 

5.1.2.2 Middle Currant Creek f a u l t  system ( B  on p l .  2) 

These f a u l t s ,  shown by Stokes and Madsen (1961), are 8 t o  13 km i n  l eng th  
and t r end  N. 15" E., b u t  edge-enhanced landsa t  imagery suggests these f a u l t s  
cou ld  extend much f a r t h e r  south (Peterson and others ,  1982). No evidence 
o f  t h e  two eastern i n f e r r e d  f a u l t s  was found. The t h r e e  o ther  f a u l t s  form a 
h o r s t  t o  t h e  west (upstream s ide )  and a graben t o  t h e  east.  Apparent v e r t i c a l  
displacement on t h e  cen te r  f a u l t  i s  about 15 m and about 10 m on t he  nor thern-  
most. Displacement on t h e  southernmost f a u l t  cou ld  no t  be determined due t o  
vege ta t ion  on exposures of t h e  f a u l t ;  however, topographic r e l i e f  on r i d g e  
c r e s t s  suggests a s i m i l a r  displacement. The f a u l t s  o f f s e t  t he  T e r t i a r y  U i n t a  
and Duchesne R i ve r  Formations (mapping o f  Stokes and Madsen, 1961). The o n l y  
Quaternary u n i t s  o v e r l y i n g  t h e  f a u l t s  are stream a l l uv i um and a l l u v i a l  fans, 
bo th  showing no sur face  o f f s e t  (see sec. 5.2.2). 

5.1.2.3 Northern S t i n k i n g  Springs f a u l t  system (C on p l .  2) 

Th is  f a u l t  system t rends  N. 18' E. t o  N. 20' E. through t he  T e r t i a r y  U i n t a  
and Duchesne R i ve r  Formations. Four f a u l t s  comprise t h i s  system forming two 
grabens and a ho rs t .  The S t i n k i n g  Springs f a u l t  i s  mapped over a d is tance  o f  
23 km, bu t  i t s  impressive phys iographic  scarp, extends f o r  o n l y  11 km w i t h  a 
maximum o f  265 m o f  topographic  o f f s e t  ( f i g .  4.1). The main f a u l t  has 
30 m o f  s t r a t i g r a p h i c  o f f s e t  near U.S. Highway No. 40 (Van Arsdale, 1979a), 
b u t  t h e  he igh t  o f  t h e  scarp t o  t h e  south i n d i c a t e s  cons iderably  more o f f s e t  
o f  t h e  segment forming t h e  east  shore o f  t h e  present So l i de r  Creek Reservo i r .  
The remaining f a u l t s  are 3 t o  8 km long  w i t h  about 60 m o f  topographic o f f s e t  
each. No bedrock exposures d i s p l a y i n g  o f f s e t  bedding were found f o r  these 



f a u l t s .  The eas t  t h r e e  f a u l t s  are shown by Stokes and Madsen (1961), and t h e  
westmost was f i r s t  mapped by  Van Arsdale (1979a) (see sec. 5.2.2) La tes t  
Quaternary a l l u v i a l  fans  and stream a l l uv i um d i s p l a y  no o f f s e t  along t h e  
f a u l t s .  

5.1.2.4 Southern S t i n k i n g  Springs f a u l t  system ( D  on p l .  2) 

Th is  f a u l t  system, which t rends  N. 20' W. th rough t h e  U i n t a  and Green R i ve r  
Formations, inc ludes  t h ree  f a u l t s  shown by Stokes and Madsen (1961). A f i e l d  
i n v e s t i g a t i o n  showed no o f f  se t  beds i n  access ib le  areas a1 though scarps 
suggest ive o f  f a u l t i n g  extend f o r  most o f  t h e  mapped l eng th  o f  t he  f a u l t s .  
The two sma l le r  f a u l t s  are 8 and 17 km long, t h e  longer  o f  these extending 
south o f  p l a t e  2. These f a u l t s  d i sp lace  Quaternary stream depos i ts  were 
i naccess ib l e  f o r  inspect ion;  however, no topographic  o f f s e t  was observed on 
t o p  o f  Wi l low Creek Ridge. 

5.1.2.5 F a u l t  system south o f  St rawberry  f a u l t  ( E  on p l .  2) 

These t h r e e  f a u l t s ,  which t r e n d  N. 10' W. through t h e  U i n t a  and Green R iver  
Formations, va ry  i n  l eng th  from 3 t o  4-1/2 km. Exposures o f  t h e  f a u l t  zone 
are p a r t i a l l y  t o  complete ly  overgrown, impa i r i ng  displacement measurements. 
The two eastern f a u l t s  form a graben, b u t  t h e r e  are no exposures o f  t h e  
westernmost f a u l t .  Slope breaks along r i d g e  c r e s t s  suggest t h e  easternmost 
f a u l t  may be a sp lay  o f  t h e  St rawberry  f a u l t  (H on p l .  2) .  T e r t i a r y  f i s h  
sca les were abundant i n  t h e  Green R i ve r  outcrops. Quaternary stream a l l uv i um 
was no t  d isp laced  i n  t he  f a u l t  zones. 

5.1.2.6 Graben northwest o f  Wi l low Creek ( F  on p l .  2) 

Th is  graben t rends  due n o r t h  about 1 km through t h e  U i n t a  Formation. 
There i s  no bedrock exposure showing t h e  f a u l t ,  b u t  t h e  graben has 
about 60 m o f  topographic o f fset .  

5.1.2.7 Wi l low Creek f a u l t  (G on p l .  2) 

Th is  f a u l t  i n f e r r e d  by Stokes and Madsen (1961) along Wi l low Creek i s  about 
10 km long. Access t o  t h e  canyon i s  d i f f i c u l t  due t o  t h e  steep topography 
and t h i c k  brush. No f a u l t e d  bedrock i s  exposed, b u t  t he  n e a r l y  h o r i z o n t a l  
U i n t a  Formation on t h e  nor thwest  s i de  o f  t h e  creek has been dropped t o  t h e  
same l e v e l  as t h e  o lder ,  a l so  near h o r i z o n t a l ,  Green R i ve r  Formation on t h e  
southeast s i de  (Stokes and Madsen, 1961), i n d i c a t i n g  movement s i m i l a r  
t o  t h e  p a r a l l e l  St rawberry  f a u l t  about 6 km t o  t h e  northwest.  This and t h e  
N. 35' E. t r e n d  o f  t h i s  f a u l t  suggest i t  cou ld  be a sp lay  o f  t he  S t i n k i n g  
Springs f a u l t .  No i nspec t i on  o f  t h e  Quaternary stream a l luv ium i n  t h e  creek 
v a l l e y  was performed due t o  t h e  i n a c c e s s i b i l i t y  o f  t h e  canyon. 

5.1.2.8 Strawberry normal f a u l t  system ( H  and I on p l .  2) 

The main Strawberry f a u l t  (H on p l .  2) has p r e v i o u s l y  been descr ibed by 
Van Arsdale (1979a) (sec. 4.3.2). The f a u l t  i s  mapped over a d is tance o f  34 km, 
b u t  i t s  prominent topographic scarp extends from I on p l a t e  2 t o  H, south 
o f  Strawberry Reservo i r  (28  km). Near t h e  southern end o f  t h e  f a u l t  ( n o r t h  
o f  E on p l .  2) 1 i nea r  drainages and steps i n  r i d g e  c r e s t s  suggest a poss ib le  



southward sp lay  o f f  t h e  f a u l t  o r  o l d e r  northward extensions o f  t h e  f a u l t s  a t  
E. Small i n f e r r e d  f a u l t s  subpara l led t o  t h e  main f a u l t  southwest o f  The 
Narrows were mapped by Stokes and Madsen (1961) and i n fe r red  by Van Arsdale 
( 1979a) on seismic evidence. 

Nor th  o f  Strawberry Reservo i r  a t  Cow Hollow, a normal f a u l t  p a r a l l e l i n g  t h e  
main Strawberry f a u l t  was mapped i n  t h e  Water Hol low tunnel  (Thompson, 1971). 
I t  t rends nor th ,  i s  of unknown length,  d i p s  75 t o  80' W., and l i e s  0.6 km 
eas t  o f  t h e  main f a u l t .  I n  a roadcut  2.5 km t o  t h e  west on o l d  U.S. Highway 
No. 40, a nor theas t - t rend ing  f a u l t  i s  exposed w i t h  T e r t i a r y  ( ? )  g rave ls  
o f f s e t  a t  l e a s t  3 m. 

The main t r a c e  of t h e  St rawberry  f a u l t  makes a n  echelon jump t o  t h e  west, 
n o r t h  o f  St rawberry  Reservoir ,  and then swings t o  t h e  west where i t s  s t r i k i n g  
topographic scarp d i e s  ou t  ( I  on p l .  2 ) .  Our mapping o f  t h e  f a u l t  i n  t h i s  
area ( p l .  2) and t h e  smal l  para1 l e l  f a u l t s  on t h e  a1 l u v i a l  f an  on t h e  down- 
thrown s ides o f  t h e  f a u l t  ( f i g .  4.4) (discussed i n  d e t a i l  i n  sec. 5.3.2) i s  
based on topographic expression o f  t h e  f a u l t  scarp and d i f f e r s  o n l y  s l i g h t l y  
f rom t h e  e a r l i e r  mapping o f  A s t i n  (1977) and Van Arsdale (1979a). 

5.1.2.9 F a u l t  below Currant Creek l a n d s l i d e  ( J  on p l .  2) 

Th is  f a u l t  i s  loca ted  about 0.8 km below t h e  Currant Creek damsite. Inves- 
t i g a t i o n  o f  t h i s  area was prompted by  a l ineament on t h e  l ands l i de  formed by 
a lobe o f  t h e  l a n d s l i d e  creeping over  an o l d e r  sur face o f  t he  l a n d s l i d e  as 
evidenced by a bu r i ed  s o i l .  Closer i nspec t i on  found a bedrock f a u l t  zone 
unre la ted  t o  t h e  l ineament t r end ing  due n o r t h  w i t h  a nea r - ve r t i ca l  d i p  and a 
displacement i n  severa l  f r ac tu res  ranging f rom several  cent imeters  t o  2 m 
w i t h  f a u l t s  bo th  down t o  t h e  eas t  and down t o  t h e  west. The f a u l t  d isp laces 
t h e  T e r t i a r y  Currant Creek conglomerate, b u t  t h e  l ack  of bedding made d isp lace-  
ment measurements d i f f i c u l t .  The l eng th  o f  t h e  f a u l t  zone could no t  be 
determined because t h e r e  was no surface expression; no Quaternary deposi ts  
appeared d isp laced  by  t he  f a u l t .  

5.1.2.10 F a u l t  west o f  Currant Creek Reservo i r  ( K  on p l .  2) 

Th is  f a u l t  was f i r s t  mapped by  B i s s e l l  (1952). T e r t i a r y  U i n t a  Formation i s  
dropped down t o  t h e  l e v e l  o f  severa l  Ju rass ic  beds, b u t  t o t a l  displacement i s  
unknown and t he re  i s  no topograpnic express ion o f  t h e  f a u l t .  A search o f  t he  
area tu rned  up no o f f s e t  Quaternary deposi ts ;  these may be covered by t he  
t h i c k  f o r e s t .  The f a u l t  i s  normal down t o  t h e  west and convex eastward, 
suggest ing a poss ib le  r e l a t i o n s h i p  w i t h  t h e  Strawberry t h r u s t  sheet l i k e  t h a t  
o f  t he  Strawberry f a u l t  (sec. 4.3.2). 

5.1.2.11 Strawberry t h r u s t  f a u l t s  ( L  on p l .  2) 

Th is  i s  t h e  o n l y  area where t h e  t h r u s t s  under ly ing  Strawberry Va l l ey  are 
exposed. Mapping by  B i s s e l l  (1952), A s t i n  (1977), and Van Arsdale (1979a) 
shows t he  t h r u s t s  and assoc ia ted small normal f a u l t s  do no t  c u t  T e r t i a r y  
u n i t s  (except f o r  t h e  St rawberry  f a u l t ) .  For t h i s  reason, we d i d  no t  inves- 
t i g a t e  these f a u l t s  f u r t h e r .  



5.1.2.12 Fau l ts  d isc losed by the  Water Hollow tunnel (M on p l .  2) 

F i ve  f a u l t s  worth considerat  i on  were encountered i n  t he  tunnel (Thompson, 
1971). Of these, o n l y  t he  eastmost and the  westmost (Strawberry f a u l t ,  
sec. 5.1.2.8) showed any surface expression. The eastmost, 240 t o  300 m i n  
from t h e  i n l e t  po r ta l ,  cons is ts  of several f a u l t s ,  each w i t h  a normal d isp lace-  
ment from 0.3 t o  30 m down t o  the  east. This f a u l t  i s  t raceable t o  an 
outcrop on Currant Creek j u s t  below Layout Canyon. Here the  f a u l t  shows much 
j o i n t i n g  bu t  on l y  s l i g h t  o f f s e t .  The Quaternary stream deposits cross ing the  
f a u l t  were not displaced. A 300-m-wide f a u l t  zone was encountered 2070 m i n  
from the  i n l e t .  This, as we l l  as the  remaining f a u l t s  i n  the  tunnel, had no 
surface expression. 

Grabens southwest o f  Strawberry Reservoir  (N on p l .  2 1  

The eastmost graben was mapped by Van Arsdale (1979a). It i s  about 3 km long 
t rend ing  due nor th  and narrowing northward. A probable extension o f  the 
graben i s  mapped south o f  Ind ian  Creek. No outcrops d isp lay ing  the  f a u l t  
were found, and some Quaternary stream deposi ts  i n  Horse Creek appeared 
displaced; however, inspect ion  showed the  scarps t o  be caused by a r e s i s t a n t  
lens o f  l imestone which had been eroded out  o f  the  shale surrounding i t. No 
displacement of Quaternary deposits was found. The Streeper Creek graben 
c u t t i n g  through the  T e r t i a r y  U in ta  Formation t rends s l i g h t l y  east of nor th  
and l i e s  about 3 km southwest o f  t he  p rev ious l y  mentioned graben. It i s  
about 1 t o  2 km long and shows a topographic o f f s e t  o f  60 m on the  nor th  
edge. A fau l ted  bedrock exposure i n  a roadcut ind ica tes  t h a t  the  eastbounding 
f a u l t  extends south t o  Indian Creek Road making i t  about 3 km long. Hummocky 
topography makes the edge o f  t he  graben d i f f i c u l t  t o  locate; however, 
no lineaments i n  t he  a l luv ium and col luv ium were found. 

5.1.2.14 Indian Springs f a u l t s  (P on p l .  2) 

These th ree  f a u l t s  are located a t  t he  headwaters o f  Indian Creek. They 
t rend N. 10" W .  and are 1 t o  2 km long. The f a u l t s  form a graben on the west 
and a ho rs t  on the  east. Bedrock i s  T e r t i a r y  U in ta  Formation p r i m a r i l y  
thin-bedded, f r i a b l e  shale. A f i e l d  i n v e s t i g a t i o n  o f  these a i r  photograph 
lineaments turned up no exposures o f  f a u l t s ;  however, the abrupt change i n  
slope, t he  steepness o f  the  v a l l e y  sides (consider ing the  erod ib le  nature o f  
t h e  bedrock) suggests f a i r l y  recent  f a u l t i n g .  No f a u l t  scarps were discovered 
i n  t h e  Quaternary a l luv ium i n  the  bottom o f  the graben. Faul ts  west o f  P on 
p l a t e  2 mapped by Stokes and Madsen (1961) and Baker (1976) i n  the Rays 
Va l ley  area w i l l  be inves t iga ted  i n  f u t u r e  s i t e - s p e c i f i c  s tudies f o r  the  
proposed F i f t h  Water Dam. 

5.1.2.15 Currant Creek Mountain f a u l t s  (R on ~ 1 .  21 

These f a u l t s  are shown by Stokes and Madsen (1961). F i e l d  inspect ion d isc losed 
normal f a u l t i n g  on the  easternmost f a u l t  which was down t o  the  west. 

The westernmost f a u l t  i s  a lso normal w i th  about 10 m o f  down t o  the  east 
displacement measured j u s t  west o f  t he  j unc t i on  of Timber Canyon w i t h  the  
Strawberry River.  Apparent southward extensions of both f a u l t s  are v i s i b l e  
on enhanced landsat imagery (Peterson and others, 1982). Both f a u l t s  



t r e n d  due n o r t h  and d i sp lace  t h e  T e r t i a r y  U i n t a  Formation. La tes t  Quaternary 
stream a l luv ium deposi ted by t h e  St rawberry  R iver  was no t  d isp laced across 
t h e  f au l t s .  

Timber Canyon graben (S on p l .  2) 

Th is  graben was f i r s t  mapped by  us on 1:60,000 b lack  and wh i te  a i r  photographs. 
F i e l d  inspec t  i o n  showed abrupt vegeta l  and topographic  changes along t h e  
edges o f  t h e  graben. It t rends  N. 10" E. and extends f o r  about 3 km. 
Quaternary stream a l l uv i um along t h e  east  edge o f  t h e  cen te r  o f  t h e  graben i s  
n o t  o f fset .  The area i s  e x t e n s i v e l y  forested and bedrock exposures could no t  
be found. 

5.1.2.17 Add i t i ona l  f a u l t s  

These are probable f a u l t s  mapped by us on 1:60,000 b lack  and wh i t e  a i r  
photographs. I n  a l l  cases, t h e  s t r i k i n g  l i n e a r i t y  o f  t h e  drainages suggests 
s t r u c t u r a l  con t ro l ,  b u t  no outcrops showing o f f s e t  bedding could be found. 
The Timber Canyon and Av in taqu in  Canyon l ineaments, i n  t h e  l a t e r a l l y  cont inuous 
Green R iver  Formations, were no t  measured f o r  o f f s e t  s ince  equ iva len t  beds on 
e i t h e r  s i de  cou ld  no t  accura te ly  be determined and because there  was no 
evidence of recen t  movement i n  t h e  canyons. 

5.1.3 Lineament assessment s tudy  

The l ineament s tudy i n d i c a t e s  t h a t  t h e  nor th-south t r end ing  Strawberry and 
S t i n k i n g  Springs f a u l t s  have by f a r  t h e  most pronounced and cont inuous 
topographic expression o f  any f a u l t s  i n  t h e  area and are t he re fo re  very  
l i k e l y  t h e  most r e c e n t l y  ac t i ve .  We found no d i r e c t  evidence t h a t  o the r  
f a u l t s  o f f s e t  Quaternary deposi ts .  Fur ther  i n v e s t i g a t i o n s  i n  t h e  reg ion  
centered on t h e  area around t h e  S t i n k i n g  Springs and Strawberry f a u l t s .  

5.2 S t i n k i n g  Springs F a u l t  

The S t i n k i n g  Springs f a u l t  i s  t h e  c l o s e s t  probably  a c t i v e  t e c t o n i c  s t r u c -  
t u r e  t o  So ld i e r  Creek Dam ( p l .  2; f i g .  1.1). However, t h e  o n l y  Quaternary 
depos i ts  c ross ing  t h e  f a u l t  which might  be used t o  assess t he  recent  geolog ic  
a c t i v i t y  o f  t h e  f a u l t  (Van Arsdale, 1979a, p. 22) now l i e  under So ld i e r  Creek 
Reservoir .  

5.2.1 C o l l u v i a l  wedge adjacent t o  t h e  f a u l t  

A reconnaissance o f  t h e  deeply d issec ted  c o l l u v i a l  wedge extending west- 
ward from t h e  S t i n k i n g  Springs f a u l t  scarp j u s t  south o f  U.S. Highway 
No. 40 ( f i g .  5.1) (mentioned by  Van Arsdale, 1979a, p. 23) d i d  no t  p rov ide  
any conc lus ive  evidence o f  movement o r  s t a b i l i t y  on t he  f a u l t .  The 
co l l uv i um i s  almost e n t i r e l y  f i ne -g ra ined ,  and e a s i l y  recognized marker 
beds i n  t h e  deep g u l l y  extending down t h e  cen te r  o f  t he  wedge do no t  extend 
f a r  enough t o  determine i f  any beds o f  co l l uv i um have been d isp laced.  S o i l  
p r o f i l e  development on t h e  co l l uv i um i s  minimal, and amino ac id  r a t i o s  ( f r e e  
a I l e / I l e  r a t i o s )  on s n a i l  s h e l l s  ( t a b l e  5.1) c o l l e c t e d  from as deep as 6.5 m 
i n  t he  g u l l y  suggest a l l  t h e  exposed co l l uv i um i s  no o l d e r  than Holocene. 



Figure 5.1. Part of the  upper section of the gully eroded into the wedge 
of fine-grained colluvium near the base of the Stinking Springs fau l t  
scarp 0.4 km south of U.S. Highway 40. The dark layers in the colluvium 
a r e  former A horizons of s o i l s  developed on the colluvium during periods 
of r e l a t i ve  s t a b i l i t y ,  b u t  no beds of coarse-grained material which could 
be related t o  movement on the fau l t  could be traced for more than a  few 
tens of meters. T h u s ,  the en t i r e  wedge may have been deposited by gradual 
slopewash and a l luvia t ion unrelated to fault ing.  Free amino acid fract ion 
a I l e / I l e  r a t i o s  (Table 5 .1)  suggest the  en t i r e  section of exposed co11uvium 
i s  of Holocene age. 



Table 5.1. - 0-alloisoleucine/L-isoleucine r a t i o s  i n  f ree and t o t a l  ( f r e e  + peptlde-bound) m i n o  ac id f rac t ions  and calculated ages 
f o r  f o s s i l  qastropods from the Strarrberry Valley area. Utah 

Depth Sanple Estimated man Calculated 
INSTAAR Lab. No. below Species weight A l l e / l l e  r a t i o  L/ 14C age diagenetic age 

sur f  ace (mg) f ree  t o t a l  (yr 8P x 103) temperature ('C)2/ (yr 8P x 103)3/ 
(01) Minimum Maxi& Mlnimutn Maxli6um 

--- 

lnd lan Creek, Wasatch County, Utah (SW1/4 NY1/4, sec. 15, T. 4 S. ,  R. 11 U.) ( f i g .  4.51 

Core 1 

DAN-128A 
DAN-1288 

DAN-127 

DAN-133A 
DAN-1338 
OAN-133C 

Core 2 

DAN-1MA 
DAN-1300 
DAN-130C 
DAN-129 

6.7 Val lonlacyclophorel la  3.0 
6.7 Val lonia cyclophorel la 4.2 
6.7 Vallonia cyclophorel la 2.2 
6.7 P u p i l l a  muscorum 4.8 
6.7 P u p i l l a  mscorum 5.1 
6.7 7.6 

9.1 c f .  L p a e a  1.0 

10.5 Pisidium 2.0 
10.5 m 2.0 
10.5 cyclophorel la 2.2 

1.5 c f .  L p a e a  
1.5 c f . L  naea F 

cf. Faea 1.6 c f .  ymnaea 

8.2 
8.2 
8.2 
8.2 
8.2 

(reworked) 
8.2 

0.089 (probably reworked) - 
0.061 >37 -2 
0.080 (probably remrked) - 
0.090 (probably reworked) - 
0.082 (probably reworked) - 
0.070 >37 -2 

(reworked) 
-2 

(reworked) 

2 
2 

-2 

3.0 1.5 
3.0 1.5 
3.0 3.6 

(reworked) 

St ink ing Springs f a u l t  c o l l u v i a l  fan arroyo. Wasatch County (NE1/4 SW1/4, sec. 33, T. 3 S., R. 10 U . l  - 
DAN-113 
DAN-1 14 
DAN-1 15 
DAN-117 

1.6 

DAN-I I 8  

Low f ree  r a t i o s  i n  a l l  these 
samples indicate they are 
probably a1 1 o f  Holocene age. 

1/ A l l e / l l e  r a t i o  (peak heights) measured using nethods o f  M i l l e r  and Hare (1980). 
T/ Mean e f fec t i ve  diagenetic temperature (Wehmiller and others. 1977) estimated frm the regional data o f  McCoy (1981) and Porter and others 
71982). and the e f fec t i ve  diagenetic temperature calculated using l i s t e d  14C dates f o r  c a l i b r a t i o n  staples 
assuming Arrhenius paraneters determined f o r  L m a e a  by W. 0. McCoy (1981). using 14C dated sanples. heating experiments, and values o f  
constants i n  Arrhenius equation (No. 9 i n  Wil-nd h i t h ,  1977). 
3/ Age calculated using equation 18 i n  Wi l l ians and Smith (1977) w i t h  K '  = 0.77 and modern r a t i o  o f  0.011. - 



5.2.2 Currant Creek t e r races  

The mapped t r a c e  o f  t h e  S t i n k i n g  Springs f a u l t  bends t o  t h e  nor theast  
n o r t h  o f  U.S. Highway No. 40 ( p l .  2) .  Lineaments and mapped f a u l t s  (Stokes 
and Madsen, 1961) p a r a l l e l  w i t h  t h e  nor thern  segment o f  t h e  f a u l t  t r e n d  i n t o  
t h e  area where two h igh  f l u v i a l  t e r races  are preserved along t h e  southwest 
s i d e  o f  Currant Creek v a l l e y  ( f i g .  5.2). The t e r races  do no t  appear displaced, 
suggest ing major displacements on these f a u l t s  predate t h e  depos i t i on  o f  t h e  
te r races .  A s o i l  p r o f i l e  on t h e  lower t e r r a c e  ( t a b l e  5.2; app. A, p r o f i l e  
SC-4) i s  n o t  s t r o n g l y  developed, suggest ing an approximately I1Pinedale" age 
f o r  t h e  s o i l  (sec. 4.4.1). However, t h e  he igh t  o f  bo th  t e r races  above t he  
present  Currant Creek (37 and 73 m) suggests bo th  t e r races  are much o lder ,  
p robab ly  o f  a t  l e a s t  I1Bul l  Lake" age (sec. 4.4.1). The sur face of t h e  lower 
t e r r a c e  has probably  been eroded (making t h e  s o i l  i n d i c a t i v e  o f  o n l y  a  
minimum age). 

5.2.3 Faul ted pediment west o f  t h e  f a u l t  

The s o i l  p r o f i l e  developed on t h e  f a u l t e d  pediment (U on p l .  2; sec. 4.4.2.3) 
was i nves t i ga ted  t o  determine i f  t h e  p r o f i l e  would p rov ide  any c lues t o  t h e  
age o f  t h e  pediment. Augering t o  5-m depth on t h e  upthrown s i de  o f  t he  
graben on pediment U j u s t  south o f  U.S. Highway No. 40 and examination of a  
few small exposures on t h e  edge o f  t h e  pediment showed t h a t  t h e  pediment 
sur face  i s  be ing eroded r e l a t i v e l y  r a p i d l y  and t h a t  t he  s o i l  on t h e  pediment 
i s  much younger than t h e  o r i g i n a l  pediment surface and probably  t he  graben as 
we1 1. 

5.2.4 Assessment summary 

Al though t h e  geomorphology along t h e  c e n t r a l  p o r t i o n  o f  t he  S t i n k i n g  
Springs f a u l t  i nd i ca tes  i t  has experienced repeated Quaternary displacement 
( f i g .  4.1), we have been unable t o  make a more d e t a i l e d  assessment o f  i t s  
movement h i s t o r y .  For t h i s  reason, we have assumed, as suggested by  i t s  
s t r u c t u r a l  and phys iographic  s i m i l a r i t y  w i t h  t h e  Strawberry f a u l t ,  t h a t  i t s  
movement h i s t o r y  has been s i m i l a r  t o  t h a t  o f  t h e  St rawberry  f a u l t  where 
depos i ts  are avai  1 ab le  f o r  a  more d e t a i l e d  assessment. 

5.3 Strawberry Normal F a u l t  

Two areas o f  Quaternary depos i ts  adjacent t o  t h e  prominent topographic scarp 
(28 km long)  o f  t h e  St rawberry  f a u l t  were se lec ted  f o r  d e t a i l e d  s tudy t o  
o b t a i n  da ta  on t h e  recent  movement h i s t o r y  o f  t h e  f a u l t .  Two trenches were 
excavated across the  f a u l t  scarps i n  a  l a r g e  a l l u v i a l  f a n  complex p rev ious l y  
s tud ied  by  Van Arsdale (1979a) i n  t h e  Co-op Creek quadrangle no r th  o f  Strawberry 
Reservo i r  ( p l .  2; f i g .  4.3). Push-tubing c o r i n g  i n  t h e  second area, t h e  
a l l u v i a l  p l a i n  along I nd ian  Creek south o f  t h e  r e s e r v o i r  ( p l .  2; f i g .  4.2), 
a l so  prov ided some i n fo rma t i on  on t h e  s l i p  r a t e  o f  t he  f a u l t .  



Figure 5.2. Fluvial terrace remnants a t  37ir and 73m above Current Creek 
just  south of i t s  confluence with Water Hollow. The northern end o f  the 
Stinking Springs fau l t  system i s  mapped through the ridge in the background 
and trending through the terraces,  b u t  the terraces do n o t  appear t o  be 
di spl aced. 



Table 5.2. - Data s u m r y  f o r  sol l pro f  l les  from Strawberry Reservolr area 

Average h n s e l  l Estimated percent by volume Percent by weight 
P r o f i l e  Horizon l/ depth Parent dry Gravel Cobbles Boulders Sand S i l t  Clay 0 . 5 ~ / 2 ~ 3  Percent 4J Percent 2/ 

(cm) material co lor  (0.2 - 8 cm) (8  - 25 cm) 0 2 5  cm) (2 - 0.5 m) (50 - 2 m )  (<2 m) (c lay) carbonate organlc matter 

C u - x  Creek Trench 1 -- 
SC-1 A1 0-10 Colluvium lOYR 313 10 25 5 45 36 19 0.60 0 10.1 

A2 10-38 Colluvium lOYR 313 10 25 5 49 33 18 0.57 0 3.4 
2E 38-60 A l l uv ia l  5YR 7/5 10 25 5 57 28 15 0.57 0 0.3 

fan 
2Ut 60-114 A l l uv ia l  2.5YR 5/6 10 20 2 52 25 23 0.77 0 0.2 

fan 
2C 114-149 A l l uv ia l  2.5YR 516 25 10 0 55 26 19 0.85 0 0.3 

fan 
2Ck j 149-210 A l l u v i a l  2.5YR 5/7 25 10 0 54 28 18 0.88 12 0.2 

fan 
X k  j 210-273 A l l uv ia l  5YR 617 10 5 30 80 14 6 0.89 11 0.1 

fan 
4Ck j 273-334t A l l uv ia l  5YR 6/7 30 15 0 64 22 14 0.86 8 tr 

fan 

SC-2 A1 0-26 Colluvlum 7.5YR 4/3 5 0 0 
A2 26-58 Colluvium 7.5YR 413 5 0 0 
A3 58-80 Colluvium 7.5YR 4/3 5 0 0 
E 80-110 Colluvium 7.5YR 5/4 1 0 0 
2Rw 110-155 Colluvium 7.5YR 614 1 0 0 
2C 155-230 Colluvium 7.5YR 614 1 0 0 
3C 230-300t A1 luvium 7.5YR 6/4 15 20 5 

Co-op Creek Trench 2 - 
SC-3 A1 0-11 Colluvium 7.5YR 5/4 

A2 11-76 Colluvium 7.5YR 514 
A3 76-105 Col luvium 7.5YR 5/4 
Dw 105-149 Colluvium 5YR 6/7 
2CU 149-183 Colluvium 5YR 7/3 
2C 1 183-204 Col luvium 5YR 715 
2C2 204-279 Colluvium 5YR 715 
3C 279-360t A l l uv ia l  2.5YR 5/6 

fan 

Currcrnt Creek Terrace 
SC-4 AT- 0-8 Outwash 7.5YR 5/3 40 15 2 

A2 8-23 Outwash 7.5YH 4/4 40 15 2 
Rw 23-80 Outwash 5YR 517 40 15 2 
C w j l  80-122 Outwash 7 . 5 ~ ~ '  516 40 15 2 
Cwj2 122-140, Outwash 7.5VH 6/6 40 15 2 

I/ Nomenclature fo l lows Soi l  Survey Staf f  (1981) w i t h  addi t ion o f  "ju (Canada So i l  Survey Comni ttee. 1978) f o r  horlzons w i t h  mlnimal development. z/ Par t i c l e  size d i s t r i bu t i on  o f  <2 mn f r ac t i on  using sieve-pipette methods (e.9.. Carver. 1971) and Sedigraph f o r  sow  s i l t - c l a y  f rac t ions  w i th  p r l o r  r e ~ o v a l  
o f  carbonates and organic matter using methods o f  Jackson (1956). 
3/ Fine t o  t o t a l  c lay r a t i o  frorn Sedigraph analysis. - 
4/ Percent carbonate by method o f  Drelmanis (1962). z/ Percent organic matter by Ualkley-Black (1934) method. 



5.3.1 Co-op Creek a l l u v i a l  f an  complex 

5.3.1.1 Geomorphology 

a. Drainage channel morphology. - Van Arsdale (1979a, p. 38) used t h e  
morphology of drainage channels on t h e  Co-op Creek a l l u v i a l  fans 
( f i g .  4.4) t o  argue t h a t  t h e  f a u l t i n g  i n d i c a t e d  by t h e  f a u l t  scarps on t h e  
fans  was r e l a t i v e l y  recen t  and concurrent  w i t h  sou the r l y  t i l t i n g  o f  t he  
fan complex. He (1979a, p. 38) noted t h a t :  

"The a l l u v i a l  f an  drainage * * * may be d i v i d e d  i n t o  
g u l l i e s  w i t h  symmetrical c ross sec t ions  and g u l l i e s  w i t h  
asymmetrical c ross sec t  ions. The 1 argest  streams head i n  
t he  mountains east  o f  t h e  fans, have symmetric cross 
sect ions, and are una f fec ted  where t hey  cross t h e  two 
prominent f a u l t  scarps * * *. Large g u l l i e s  t h a t  head on 
t he  fans  have asymmetrical c ross sec t ions  and a lso  are 
una f fec ted  where t hey  c ross  t h e  scarps. Small g u l l  i e s  
heading on t h e  fans have asymmetric c ross  sec t ions  and are 
v e r t i c a l l y  o f f s e t  a t  t h e  two scarps. The g rea te r  ero- 
s iona l  capac i t y  o f  t h e  l a r g e r  g u l l  i e s  has apparent ly  
reduced t h e  v e r t i c a l  o f f s e t  and produced smooth p r o f i l e s  
across t h e  scarps w h i l e  t h e  smal ler  streams have not .  
Small a1 l u v i a l  fans 1 i e  a t  t h e  base o f  t he  scarps where 
fan  drainage has been v e r t i c a l l y  o f f s e t  * * *. 
"The asymmetry o f  t h e  g u l l i e s  heading on t h e  fans i s  
constant w i t h  steep southern banks and long, gen t l e  
nor thern  banks * * *. This  asymmetry i s  be l ieved  due t o  
t i l t i n g  o f  t h e  f a n  complex down t o  t h e  south. * * *. The 
f a u l t  scarps * * * increase i n  he igh t  f rom 0 displacement 
i n  t he  south t o  he igh t s  near [8  m] 25 f e e t  i n  t h e  nor th ,  
thereby a lso suggest ing a down-to-the-south t i l t  * * *." 

b. Fau l t  scarp morphology. - Van Arsdale (1979a, p. 42) a lso  est imated 
t h e  age o f  t h e  t a u l t i n g  on t he  a l l u v i a l  fans us ing  t h e  scarp morphology 
methods o f  Wallace (1977) and Bucknam and Anderson (1979). He measured 23 
scarp p r o f i l e s  across t h e  longes t  f an  scarp ( f i g .  4.4) and reached t h e  
f o l l o w i n g  conclusions: 

" * * * L i k e  t he  areas s tud ied  by  Bucknam and Anderson, 
Strawberry Va l l ey  i s  semiar id,  and t h e  p r i n c i p a l  vegeta- 
t i o n  cover on t h e  fans i s  sagebrush (A r tem is i a  t r i d e n t a t a ) .  
The regress ion  equat ion f o r  t h e  St rawberry  f a u l t  scarp i s  
8 = -3 + 27.54 l o g  H, and t h e  regress ion  c o e f f i c i e n t  i s  
s i g n i f i c a n t  a t  t h e  . O 1  l e v e l  [(VA on f i g .  5.3)] * * *. 
Since i t  i s  no t  known whether f a u l t  scarp angles are normal ly  
d i s t r i b u t e d ,  t h e  nonparametric Spearman Rank Co r re l a t i on  
C o e f f i c i e n t  t e s t  was performed. A c o r r e l a t i o n  between scarp 
angle and scarp he igh t  was found t o  be s i g n i f i c a n t  a t  t he  
.05 l e v e l .  

"Measurements o f  t h e  St rawberry  scarp p r o f i l e s  p r i n c i p a l l y  
l i e  between regress ion  l i n e s  f o r  da ta  from f a u l t  scarps i n  
t he  Drum Mountains and near Panguitch, thus suggest ing 
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F igu re  5.3. Regression l i n e s  f o r  maximum s l ope  ang le  versus l o g  o f  scarp 
h e i g h t  f o r  f a u l t  scarps i n  uoconso l ida ted  sediment f rom F i sh  Spr ings  
(<<I2 ka ) ,  t h e  Drum Mountains (about  12 ka ) ,  and Pangui tch ( p o s s i b l y  
100 k a ) ( f r o m  Bucknam and Anderson, 1979), an e a r l i e r  s tudy  o f  t h e  
S t rawber ry  a1 l u v i a l  fans (VA) by Van Arsdale  (1979a), and t h i s  s tudy  
o f  t h e  S t rawber ry  a l l u v i a l  fans.  Dots a r e  data f rom t h i s  s tudy  o n l y .  



t h a t  t h e  most recent  movement along S t rawber ry  f a u l t  was 
between 12,000 and 100,000 years ago [ ( f i g .  5.3)] * * *. 
However, al though t h e  scarp p r o f i l e  da ta  supports t he  
regress ion  l i n e  i s  steeper than t he  Drum Mountains and 
Panguitch data, thus making t h e  a p p l i c a t i o n  o f  these regres-  
s i on  l i n e s  t o  t h e  St rawberry  V a l l e y  da ta  quest ionable * * *." 

We a lso  measured 14 scarp p r o f i l e s  on upper, lower, and a small east -  
ward f a c i n g  scarp on t h e  a l l u v i a l  fans us ing  t h e  methods o f  Bucknam 
and Anderson (1979). A regress ion  l i n e  f o r  our  da ta  (St rawberry  on 
f i g .  5.3) i s  ve ry  s i m i l a r  t o  Van Arsda le 's  (1979a) [Strawberry (VA) on 
f i g .  5 31. We a l so  app l i ed  t h e  methods o f  Nash (1980) i n  es t ima t i ng  
t he  age o f  t h e  scarps from p r o f i l e  data, b u t  t h e  s c a t t e r  i n  our data 
(do ts  on f i g .  5.3) does n o t  a l l ow  a more accurate age est imate than 
Van Arsdale 's  (1979a). S t r a t i g r a p h i c  da ta  f rom t rench ing  across t h e  
scarps (discussed below) show t h e  scarps are t h e  product  o f  
m u l t i p l e  f a u l t i n g  events, probably  extending over t h e  younger p o r t i o n  
o f  t h e  timespan suggested by  Van Arsdale (1979a). 

5.3.1.2 Scarp t r ench ing  

a. Co-op Creek t rench  1. - A 91-m-long, 1.5- t o  2-m-wide t rench  (CC-1) 
was excavated across t h e  longer,  7-m scarp on t h e  a l l u v i a l  fans and t h e  
l i n e a r  graben p a r a l l e l  t o  i t - ( f i g s .  4.3, 4.4). The shored p o r t i o n  of t h e  
t rench  averaged 2.5 t o  4 m i n  depth, b u t  between s t a t i o n s  25 and 27 and 
between s t a t i o n s  40 and 42 t h e  t rench  was excavated t o  7.6 and 5.7 m 
r e s p e c t i v e l y  ( p l .  3) .  These zones were b a c k f i l l e d  t o  t he  depths i nd i ca ted  
on p l a t e  3 be fo re  shor ing  because i n i t i a l  examination o f  these zones from 
t h e  t op  o f  t h e  t rench  d i d  no t  i n d i c a t e  any s i g n i f i c a n t  change i n  l i t h o l o g y  
w i t h  depth. Hydrau l i c  v e r t i c a l  shor ing  every 2-m w i t h  20-cm wide h o r i z o n t a l  
wooden 1 agging every 1 m and 10-cm mesh w i r e  fenc ing  over each wa l l  o f  t h e  
t rench  prevented logg ing  t h e  e n t i r e  south w a l l  (do ts  on p l .  3 show i n f e r r e d  
contacts  covered by lagg ing) .  

L i tho logy ,  degree o f  s t r a t i f i c a t i o n ,  sharpness o f  contacts,  and u n i t  
geometry and i t s  r e l a t i o n s h i p  t o  t h e  present  ground sur face were used i n  
our i n t e r p r e t a t i o n  o f  t h e  genesis o f  s t r a t i g r a p h i c  u n i t s .  Because both 
a l l u v i a l  and c o l l u v i a l  u n i t s  are der i ved  f rom t h e  f a u l t e d  a l l u v i a l  
f an  sediments and t ranspor ted  minimal distances, many u n i t s  o f  d i f f e r e n t  
genesis look  very  s i m i l a r .  Proximal fau l t -scarp -der ived  co l l uv i um i s  
p a r t i c u l a r l y  d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  stream-reworked co l l uv i um 
and a1 l u v i  a1 f an  sediment i n t o  which i t  grades 1 a t e r a l  l y .  Furthermore, 
in tense  r a i n f a l l s  on t h e  a l l u v i a l  f a n  may have r e s u l t e d  i n  t h e  depos i t i on  
o f  u n i t s  o f f  t he  f a n  f a u l t  scarps which we have i n t e r p r e t e d  as f a u l t -  
r e l a t e d  co l luv iums.  Our i n t e r p r e t a t i o n  o f  t h e  s t r a t i g r a p h i c  sequences i n  
bo th  trenches i s  conserva t i ve  ( f rom a hazard v iewpoint ) ;  where a v a i l a b l e  
evidence suggests poss ib l e  f a u l t  displacement we have assumed i t .  For tu -  
na te ly ,  u n c e r t a i n t y  i n  t h e  genesis o f  p a r t i c u l a r  s t r a t i g r a p h i c  u n i t s  does 
not  a f f e c t  our conc lus ions on t h e  hazard posed by t h e  Strawberry f a u l t .  



(1 )  S t ra t i g raph i c  u n i t s .  - 
(a )  A1 l u v i a l  fan  sediments. - The t rench exposed we1 1 t o  n o n s t r a t i -  
f i e d  braided stream and debr is  f l o w  deposi ts  on t h e  upthrown b lock 
and western t h i r d  o f  t h e  t rench ( u n i t s  1 through 7, p l .  3; t a b l e  
5.3). Very s i m i l a r  ma te r i a l s  were encountered i n  f i v e  50-cm (18- in)  
diameter auger holes elsewhere on t h e  a1 l u v i a l  fans ( f i g .  4.4). The 
w e l l - s t r a t i f i e d  stream deposit ,  u n i t  6, i s  no t  found on the  upthrown 
block, suggesting a fac ies change t y p i c a l  of a l l u v i a 1  fan sediments 
(Bu l l ,  1977) o r  an unconformity a t  t he  base o f  u n i t  7. Thus, the  
age o f  u n i t  6 r e l a t i v e  t o  u n i t s  1 through 5 i s  not  known. The 
thickness, l i t h o l o g y  ( t a b l e  5.3), s t r a t i g r a p h i c  pos i t ion ,  and s o i l  
p r o f i l e  developed on u n i t  7 ( u n i t  7B i s  an a r g i l l i c  hor izon and 
u n i t s  7E and 16 e l u v i a l  hor izons)  ( t a b l e  5.2; app. A,  p r o f i l e  SC-1) 
i n d i c a t e  t he  same u n i t  i s  present along both the  eastern and western 
t h i r d s  o f  t he  trench. 

The contacts  between t h e  a l l u v i a l  f an  u n i t s  d i p  g e n t l y  westward 
para1 l e l i n g  t h e  sur face o f  t h e  fan. The a l l u v i a l  f a n  u n i t s  are 
t he  o ldes t  u n i t s  i n  t h e  trench, and the re  may be unrecognized 
unconformit ies between some o f  t he  u n i t s .  

Based on p ro jec t i ons  o f  t he  fan sur face above and below t h e  graben, 
t h e  ne t  v e r t i c a l  t e c t o n i c  displacement o f  t he  a l l u v i a l  fan  u n i t s  
(Swan and others, 1980) across t h e  f a u l t  zone was o n l y  about 1.2 m. 
However, over most o f  t he  graben ( s t a t i o n s  32-63, p l  . 3) t h e  a l l u v i a l  
f a n  u n i t s  have been d isp laced below t h e  bottom of the  t rench (apparent ly  
>6 m a t  s t a t i o n  45; see note 4, p l .  3) .  I n  f a u l t  zone 3 u n i t s  1, 2, 
and 3 have been o f f s e t  about 1 m ( t a b l e  5.4) by a f a u l t  d ipp ing  63" 
s t r i k i n g  perpendicu lar  t o  t h e  t rench about 1 m west o f  an apparent 
step i n  a conglomerat ic f a c i e s  o f  t he  T e r t i a r y  bedrock. The shear 
zone i s  t h i n  ( 1  t o  5 cm wide) and d i f f i c u l t  t o  d iscern i n  places 
because o f  t h e  l i t h o l o g i c  s i m i l a r i t y  and heterogenei ty  of t he  
a l l u v i a l  f an  u n i t s .  This f a u l t  was no t  recognized p r i o r  t o  logging 
t h e  trench, bu t  must extend through the  excavated bu t  unshored 
p o r t i o n  o f  t h e  t rench between s t a t i o n s  29 and 32 ( n l ,  p l .  3 ) .  

(b) Stream-reworked co l luv ium and a l l u v i a l  f an  sediments. - I n  the  
graben p o r t i o n  o f  t h e  trench, between s ta t i ons  33 and 63, somewhat 
b e t t e r  sorted, poo r l y  t o  moderately s t r a t i f i e d  u n i t s  ( 8  and 10; 
t a b l e  5.3) near t he  bottom o f  the  t rench are i n te rp re ted  as fan 
sediments and f a u l t  and stream-scarp-derived co l luv ium reworked by 
i n t e r m i t t e n t  streams f l ow ing  p a r a l l e l  w i t h  t he  scarp through the  
graben. The reworked c o l l u v i a l  deposi ts  were probably produced by 
f a u l t i n g  events p redat ing  those represented by t h e  c o l l u v i a l  u n i t s  
i n  t he  trench. The b e t t e r  s o r t i n g  o f  u n i t  l o b  than i n  10a suggests 
a s h i f t  o f  t he  stream ax is  t o  t he  west. The genesis o f  u n i t s  i n  
t h i s  p a r t  o f  t h e  t rench i s  no t  c lear ,  bu t  t he  gradat ional  f ac ies  
changes between l o b  and u n i t  7, and between u n i t s  8 and 6, suggest 
l a t e r a l  westward eros ion o f  u n i t s  6 and 7 o b l i t e r a t i n g  what was 
probably a f a u l t  scarp forming t h e  western edge o f  the  graben ( f a u l t  
zone 2).  The h i g h l y  unconsol idated character  o f  t he  u n i t s  between 
s ta t i ons  50 and 63 may i n d i c a t e  mechanical adjustment (and r e s u l t i n g  
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Pbnsell  
co lo r  LI 

A l l u v i a l  fan d e ~ 0 l l t ~  

1 Fine g r a v e l l y  a l l u v l ~  2.5YR617 
l a  51 2.5YR5/6 Sandy l o r n  25 0 0 12 38 42 8 0 0 - Prominent I n t e r n a l  s t r a t  i f  l c a t l o n  w i t h  

mjnor lenses o f  f l n e  sand 
20 0 0 10 40 42 8 0 0 Clear Smooth 

L o m y  sand 40 3 50 0 Clear smooth 9 35 38 18 0 50m f l n e  g rave l  lenses; r a r e  ve ry  t h i n  
sems of  carbonate 

2 Grave l l y  d e b r i s  f l o w  
Pa 
a B o u l k r y  

Loamy sand - 
40 

Abrupt 
Clear  

Smooth S a  f i n e r  may be due t o  I n f t l t r a t i o n  
Lno0th Some f 4ne g rave l  lenses; r a r e  very t h f n  

s e m s  o f  carbonate 
Smooth Gradual 

3 b b b l y  a1 l u v i m  
3a 
3b 
3c. 

Sandy loam 
60 
60 

Loamy sand 20 

Abrupt 
6radual  
Gradual 

4 Coarse g r a v e l 1  y a l l u v i u m  2.5YR617 Loamy rand  70 Clear LnoOth H e l l  s t r a t i f i e d  and c last -supported 

Smooth Nonclast-supported; f i n e  gravel  lenses on 
t o p  o f  u n l t ;  carbonate on c l a s t  bottoms 

5 CO - r l c h  bou ldery  debr i s  2.5YR6/7 
$low 

Loamy sand 25 Clear  

Y e l l  s t r a t l f l e d  w i t h  beds o f  a e d i m  
g ave l  and cobbles 6 U e l l - r t r a t t f  i ed  g r a v e l l y  5YR6/4 

a l l w i u  
L o m y  sand - 

7 Cobbly d e b r i s  f 1 w 2.5.11516 
78 Bt s o i l  h o r i z o n  2.5YR5/8 

Sandy l o r n  25 
Sandy c l a y  l o a n  20 

C l e m  
Gradual 

wavy 
Wavy No i n t e r n a l  s t r a t i f i c a t i o n ,  b u t  gravel  

lenses and 10- t o  20-1311 t h i c k  fine 
sand lenses at base o f  unl t ;  r a r e  
carbonate m t t l e s  

Uavy Angular b l o c k y  st ructure;  a r g l l l a n s  
(see s o i l  p r o f i l e  d e s c r i p t i o n  Uo. 1; 
b p .  A )  

Sandy l o e n  20 Abrupt 7E E l l u v i  a1 so i3  hor i zon  5YR7A 

Stream-reworked co l luv ium and f a n  depos l t s  

8 W e l l - s t r a t i f i e d  sandy a l luv ium 2.5YR6/8 t o  
SY R7 I 4  

Sandy loam U e l l - s t r a t i f  led; carbonate m s t l y  I n  
upper p a r t  o f  u n i t  on c l a s t  bot tom; 
c l a y  m o t t l e s  (2.5YR5/8); I t s  s t r a t l -  
g raph ic  p o s i t i o n  suggests t h e  eastern 
&TI of t h i s  u n i t  may be scarp-derived 
col luvIInw 

Loamy sand 10 Sandy a1 l u v i  m 
101 
100 Loose s t r u c t u r e  

10 20 2 4 36 44 16 0 0 Clear  
1 0  I 0  0 8 36 36 20 0 0 Abrupt 

Smooth Poor l y  stratified w i t h  some gravel lenses 
both Genera l l y  n o n s t r a t f f r e d  bu t  p o o r l y  r t r a t i -  

f i e d  zones w i t h  gravel  lenses 
l r r e g u l  a r  10E E l l u v i a l  s o i l  ho r i zon  7.5YR714 10 10 0 - - - - 0  0 D i f f u s e  

Scarp-derlved C O ~  l u v i m  

9 6 r a v e l l y  c o l l u w i ~  5YR616 Loamy sand 10 5 0 - - - - 0  0 Abrupt h n o t h  Very gradational l a t e r a l  fac ies change 
w l t h  u n l t  10s; c l a y  mot t les  

11 Sandy c o l l u v i u m  
I l a  
11 b h b b l  y 

L o m y  sand Smaot h Y e r k  prismatic st ruct rue;  clay mot t les  
Smooth 

Ii f i n e - g r a l m a  c o t  luvlum ?.ST77614 
I Z B  B s o i l  h o r i z o n  7.5YR6f4 

S i l t  l o r n  5 0 0 4 64 32 0 0 0 
Smdy c l a y  l o r n  3 0 0 0 0 LbruDt 

13 Sandy c o l l u v ~ m  
134 tobbly 

Sandy l o r n  
Yavy f o b b l y  bed  w i t h  cobbles p a r a l l e l  t o  d i p  

a t  base of  u n i t  
h o t  h 13b 5YR617 I 0  3 0 4 48 44 4 0 0 Abrupt 

14 Sandy c o l l u v l m  5YR715 Sandy loam 25 5 0 4 48 39 9 0 0 Clear  

I 5  Loose sandy c o l l u v ~ u m  10YR5/3 L o n y  sand I S  30 0 - - - - 0  0 Clear  

M a r  -sur f  ace c o l l u v l u o  

16 Thin s lope  wash and e l l u r i a l  5YR7/4 SanrJy loam 20 5 0 8 4 0  44 8 0 0 Clear  
hor i zons  on o l d e r  u n i t s  t o  7.5YR713 

wavy L l t h o l o  under fy ing  y of u n i t s  u n i t  va r ies  depending on 

k d e r n  A s o i l  ho r i zon  0 Clear  u a r y  L i t h o l o g y  u n d e r l y l n p  of u n i t s  u n i t  va r ies  depending m 

T a b l e  5.3 
Unit  descriptions 
in Co-op Creek Trench 1 

I /  Dry co lo r  of Oyma and TaLehara (1967). 
71 W t h ~ o s  of 5011 Surrey S t a f f  (1975). 
31 Scale: A = mngular. SA - subanaular. R roundcd. W? - -1 1 rrwnded. 
'It Scales of S o i l  Survey S t a f f  (1975) and Rachnm and M a r n r l l r  (1P77) :  U * ' A t r i m ,  C clasts.  

J I  - L o e r c a ~  l e t t e r s  denote suhunl l% dtrttnoul,hrd hy n i n n r  l * t h a l n p i c  d i f f e r e n c e s  and pranounced bra cont.ct,. 



lable 5.4 - Cwrelat lon "1 s l r r t l g r @ l c  w l t s .  so l l r ,  and f w l t  events In the Co-op Cr& lreoches .Id e s l l n l e d  d l S P l u m n t s  

Co-op Creek I r rnch  I 
h c m r t  1- o f  

I part t a l l #  -2hIc d l s p l ~ e a e n l  (-1 medswei c ~ 1 1 r l l r e  3 
\11011yv*lklc l o r d  by FwII-. Eit mr wt r c r l l c r l  

l u , l ~ r  s o i l  r i e G i - 7 ~ ~  c o l l u v l r l  .edge r o t r l  Preferred t u l o n l c  d l s p l u a m t  
processes thickness r l ra t lg raph lc  estl.rlc 1.1 

aJ 11. 
E .r l l b  

M.4 XI. J 

I - .  (1.9 

Co-op Creek r r m h  2 
Lkl lS mVtlrn or 

I1 An equOl l r r lw  scarp I n  edsl ly e ra l lh le  r r d l r n l s  -Id sugge,l a d lsp l r rmen l  >Z tlvr the m a x l u  c o l l u v l r l  rdg. lhlcknesr. 
2, As dlrcurrr.4 by Sra nJ athrrb (1980). net ve r t l ca l  teclcalc dlsplacments ~ r i s r  the I -a-hlqh s c v p  as vasured f r m  topogr@lc p r o f l l e r  r e  1.2: 0.2 rn f o r  t r m c h  I 2.6:O.Z rn f w  1rrr)l 2. 
31 fas t  rbde o f  m a l l  yral~en k 1 . e r n  f w l t  tonus (p l r .  3 u ~ d  4). 
4 1  UerI slde 01 small g&en belweln lull loner ( p l r .  3 ~d 4) .  
51 B h r ~ l  on the errlnl sepurncr I n  t r t n r h  1 th i s  u ry  be t n  separate erenlr. I t  so. I t  w u l d  reduce d l r p l u m e n t  e s l l w l e s .  
61 L h t l  5 was prub&ly depurlted f o i l w i n g  buth fau l t  even15 b md c 
!I In lreolch 2 6 u n l l  11mtldr l o  u n l l  16 11 trench I I s  (a, t h l n  ubd d l s c o n t l n w r  t o  log and Is  therefore IKl& ml lh  v n l t r  a. 48. Hd 5. 



increased e l u v i a t i o n  r a t e s )  w i t hou t  s i g n i f i c a n t  displacement on a 
graben-bounding f a u l t  (zone 2) a n t i t h e t i c  t o  t h e  main f a u l t  ( f a u l t  
zone 1 )  i n  t h i s  p o r t i o n  o f  t h e  t rench,  which i s  no t  de tec tab le  i n  
t h e  loose, n o n s t r a t i f i e d  u n i t s  exposed i n  t h i s  p a r t  of t h e  t rench.  
S i m i l a r  m a t e r i a l s  were noted by M a r t i n  and o thers  (1983) adjacent 
t o  a  f a u l t  zone i n  outwash i n  t h e  U i n t a  Basin. We i n t e r p r e t  u n i t  
10E as an e l u v i a l  ho r i zon  - t h e  equ iva len t  o f  u n i t  7E, b u t  bo th  
v e r t i c a l  and l a t e r a l  con tac ts  are ve ry  g rada t iona l .  La te r  f a u l t i n g  
between s t a t i o n s  48 and 5 1  produced opposing scarps and probably  
o f f s e t  u n i t  10a, 0.8 t o  1.8 m down t o  t h e  east  r e l a t i v e  t o  l o b  
( t a b l e  5 .4 ) .  

( c )  Col l u v i  a1 sediments. - Over ly ing  t h e  stream-reworked depos i ts  
i n  t h e  midd le  o f  t he  t r ench  a re  f i ne r -g ra ined  c o l l u v i a l  u n i t s  (12, 
16, 17) which grade i n t o  coarser  u n i t s  (9, 11) toward t h e  main 
scarp. Again con tac ts  are g rada t iona l ,  b u t  u n i t  10a (stream depos i t )  
appears t o  grade i n t o  u n i t  9 (prox imal  scarp-der ived co l luv ium)  and 
u n i t  12 ( f i n e r  d i s t a l  co l l uv i um)  grades p r i m a r i l y  i n t o  u n i t  11 
(prox imal  c o l  1  u v i  um) . 
The o l d e r  co l luv iums ( u n i t s  9 and 11, and p o s s i b l y  t he  eastern 6 m 
o f  u n i t  8 )  appear t o  have been f au l t ed  and b a c k t i l t e d  i n t o  f a u l t  
zone 1 as shown by  t h e  eastward d i p  o f  u n i t  9 contacts  a t  
s t a t i o n  33. An i n d i s t i n c t  con tac t  and more cobbles i n  t h e  upper h a l f  
o f  t h e  u n i t  ( t a b l e  5.3) suggests u n i t  11 may be t he  product o f  two 
c o l l u v i a l  events ( u n i t s  l l a  and l l b )  i n  f a u l t  zone 1. U n i t  128 i s  a  
B hor i zon  developed on u n i t  12. The scarp contacts  between u n i t s  10 
and 12 a t  s t a t i o n s  48 and 5 1  are i n t e r p r e t e d  as f a u l t  o r  p o s s i b l y  
e ros iona l  scarp- f ree faces w i t h  no displacement between u n i t s  10 
and 12. 

Un i t s  13a and 13b are ve ry  proximal c o l l u v i a l  wedges der ived  f rom 
l a t e r  f a u l t i n g  o f  about 1 m displacement i n  zone 3 ( f i g .  5.4) and 
f a u l t i n g  i n  zone 1 w i t h  a  reversed sense o f  displacement f rom 
prev ious f a u l t i n g ,  r espec t i ve l y .  U n i t  14 i s  f i n e r  l a t e r  co l luv ium.  
U n i t  15 may have been produced by a s i m i l a r  l a t e r  event o f  smal ler  
d i  s p l  acement . 
Except where i t  i s  t h i c k e s t  ( a t  s t a t i o n  31), t he  loose wh i te  co l luv ium 
( u n i t  16) con ta in i ng  l i t t l e  c l a y  t h a t  extends t h e  leng th  o f  t he  
t rench  i s  probably  t h e  product o f  bo th  e l u v i a t i o n  o f  c l a y  i n t o  lower 
hor izons (see t a b l e  5.2, E hor i zon)  and slopewash across t he  f an  
surface, producing a t h i n  sur face co l luv ium.  

U n i t  17 i s  t he  modern A hor izon  o f  t h e  s u r f  ace so i  1. Where i t  i s  
t h i c k e s t  i n  t h e  midd le  o f  t h e  t rench,  i t s  f i ne -g ra ined  character  
suggests a  p a r t i a l  e o l i a n  o r i g i n .  A1 though t he re  are severa l  small 
10- t o  20-cm-high s teps i n  t h e  lower boundary o f  u n i t  17 i n  f a u l t  
zone 1, s i m i l a r  s teps are a lso  present  along t h i s  boundary i n  
several  o the r  areas o f  t he  t rench  which do no t  co inc ide  w i t h  f a u l t  
zones. For t h i s  reason, we do no t  i n t e r p r e t  these steps as t e c t o n i c  
fea tu res .  



BED 

Figure  5.4. F a u l t  zone 3 between s t a t i o n  27 and 31 i n  Co-op Creek t r ench  1 
showing t h e  bedrock s tep  t o  t he  l e f t ,  t h e  i n d i s t i n c t f a u l t  o f f s e t t i n g  
a l l u v i a l  u n i t s  1, 2, and 3 (ar row ),  and o v e r l y i n g  c o l l u v i a l  u n i t s  
13, 14, and 16. 



(2 )  Est imated ages o f  u n i t s .  - ,The s o i l  developed on u n i t  7 ( a  P a l e b o r o l l )  
has an a r g i l l i c  B t  ho r i zon  ( u n i t  78) ( 4  percent  more c l a y  than C 
hor i zon)  o f  v a r i a b l e  th ickness,  b u t  averaging 60 cm t h i c k  ( t a b l e  5.2; 
p l .  3) .  Clay coats  c l a s t s  t o  a g rea te r  degree i n  t h i s  hor i zon  than i n  
o thers  (a l though a l l  coarse u n i t s  p robab ly  con ta in  some i n f i l t r a t e d  
c lay,  f o r  example, Walker and others,  1978), and a few ( l e s s  than 
5 percen t )  c l a s t s  (mos t l y  conglomerat ic fac ies  of u n i t  3 'o f  Van Arsdale, 
1979a, q u a r t z i t e ,  and sandstone) a re  h i g h l y  weathered. Above t he  
a r g i l l i c  hor i zon  are e l u v i a l  p i nk  and t a n  u n i t s  (7E, 16) o f  s i m i l a r  
l i t h o l o g y ,  b u t  w i t h  ve ry  l i t t l e  c l ay .  Along most o f  t he  t rench  these 
u n i t s  are i n t e r p r e t e d  as E and BA hor izons f rom which c l a y  has been 
e l u v i a t e d  i n t o  t h e  B t  a l though i n  some areas they  are c l e a r l y  c o l l u v i a l .  
The th ickness  o f  these u n i t s ,  p a r t i c u l a r l y  u n i t  7E i n  t h e  western t h i r d  
o f  t h e  t rench,  i s  q u i t e  va r i ab le ,  perhaps through concentrated e l u v i a t i o n  
through coarser  zones i n  u n i t  7 o r  t o  ground d is turbance by  burrowing 
o r  t ree-uproo t ing .  Stage I carbonate, almost c e r t a i n l y  r e1  ated t o  t h e  
present s o i l  p r o f i l e ,  has accumulated w e l l  below t h e  B hor i zon  i n  u n i t  5. 

This s o i l  p r o f i l e  (SC-1) i s  t h e  bes t  a v a i l a b l e  evidence w i t h  which 
t o  assess the  age o f  t h e  f a n  surface, b u t  t h i s  i s  d i f f i c u l t  because 
o f  t h e  l ack  o f  independent ly  dated p r o f i l e s  on s i m i l a r  m a t e r i a l s  i n  
t he  reg ion  w i t h  which t o  compare these s o i l s .  Comparison o f  t h i s  
p r o f i l e  w i t h  those descr ibed f rom g l a c i a l  deposi ts  i n  t h e  Rocky Mountain 
reg ion  (sec. 4.4.1) suggests a "Bu l l  Lake" (ca. 60 t o  150 Ka) t o  o l de r  
"Pinedale" (ca. 30 t o  70 Ka) age. However, t h e  c r i t e r i a  o f  Shroba 
(1980, 1982) from s o i l s  along t h e  Wasatch Front  i n d i c a t e  an e a r l y  
Holocene t o  Bonnevi l l e  age (ca. 7 t o  20 Ka). Temperatures on t h e  
Strawberry fans are lower than along t h e  Wasatch Front (1200 m h igher  
e l eva t i on ) ,  b u t  annual p r e c i p i t a t i o n  i s  much h igher  (17 inches vs. 
24 inches) .  Higher p r e c i p i t a t i o n  should a l l ow  more r a p i d  c l a y  t r ans -  
l oca t i on ,  b u t  t h e  dust i n f l u x  r a t e  must be much h igher  along t h e  
Wasatch Front  than on t h e  fans. Consider ing these fac to rs ,  re1  a t i v e l y  
weak a r g i l l i c  ho r i zon  development (cons ider ing  t h e  amount o f  c l a y  i n  
t he  parent  m a t e r i a l )  suggests t h i s  s o i  1 i s  much younger than "Bu l l  
Lake" depos i ts  elsewhere i n  t h e  reg ion  b u t  i s  o l de r  than Bonnev i l l e  
s o i l s  along t h e  Wasatch Front .  Thus, a c t i v e  depos i t i on  on t h e  fan 
sur face near t h e  t rench  s i t e  p robab ly  l a s t  took p lace du r i ng  pre-  
Bonnevil l e  o r  "Pinedale" t ime  (ca. 15 t o  70 Ka) . Higher than present 
p r e c i p i t a t i o n  may have been requ i red  t o  a c t i v a t e  t h e  now i n a c t i v e  fan 
sur face ( Ast in ,  1977) a l though s i g n i f i c a n t  displacements on t he  main 
Strawberry f a u l t  ( f i g .  4.4) cou ld  produce t h e  same e f f e c t  ( B u l l ,  1977). 
The g l a c i a l  per iod  temperature est imates f o r  t h e  reg ion  o f  McCoy (1981) 
and P o r t e r  and o thers  (1982) suggest h i ghe r  p r e c i p i t a t i o n  r a t e s  were 
not  l i k e l y  u n t i l  t h e  c l i m a t i c  warming t h a t  l e d  t o  "Pinedale8' deg lac ia -  
t i o n .  Thus, a bes t  es t imate  f o r  t h e  age o f  t h e  f an  sur face i s  rough ly  
15 t o  30 Ka. 

Simi 1 a r  a1 1 u v i  a1 f a n  sediments w i t h  apparent a r g i  11 i c  hor izons were 
encountered i n  auger ho les  3, 4, 5, and 6 (app. B) elsewhere on t he  fan 
sur face ( f i g .  4.4) i n d i c a t i n g  much o f  t h e  f a n  sur face i s  t h e  same age 
as t h e  areas near t h e  t r ench  s i t e s .  



The lack o f  well-developed s o i l  p r o f i l e s  on any o f  t he  c o l l u v i a l  u n i t s  
suggests there  have been no long per iods o f  scarp s t a b i l i t y  since they 
were deposited and thus, t h a t  t he  fan surface i s  r e l a t i v e l y  young. 
The s o i l  on f i n e r  col luviums i n  the  middle of the  t rench i s  weakly 
developed ( t a b l e  5.2; app. A, p r o f i l e  SC-2). The s l i g h t l y  h igher  c l a y  
content and redder c o l o r  o f  u n i t  128 r e l a t i v e  t o  u n i t  12 i s  due most ly  
t o  t h e  gradual upward change i n  parent mater ia l  (more homogeneous, 
f i n e r  co l luv ium i n  u n i t  128). Thus, u n i t  128 i s  a t  best a cambic B 
hor izon and poss ib ly  o n l y  a C horizon. 

Age assessment o f  the  c o l l u v i a l  u n i t s  i s  a lso d i f f i c u l t  because o f  no 
dated comparison p r o f i l e s  i n  a s i m i l a r  se t t i ng .  However, the lack o f  
an a r g i l l  i c  hor izon i n  mater i  a1 o f  t h i s  f i n e  tex tu re  and comparisons 
w i t h  p r o f i l e s  described from f ine-gra ined Lake Bonnevi l le  sediments 
(Shroba, 1980) makes i t  d i f f i c u l t  t o  argue t h a t  p r o f i l e  SC-2 on the  
younger col luv ium i s  s i g n i f i c a n t l y  o lde r  than mid-Holocene. 

(3)  Sequence of events. - Based on the  l i t h o l o g i e s  ( t a b l e  5.3), 
s t r a t i g r a p h i c  re la t i onsh ips  ( p l .  3), and estimated ages o f  u n i t s  i n  
Co-op Creek t rench 1, we i n f e r  t h e  fo l low ing sequence of events: 

(a) Un i t s  1 through 5 were deposited successively on the a1 l u v i a l  
fan  by small braided streams and debr is  f lows over the  top o f  and 
p a r a l l e l  w i t h  t h e  bedrock step a t  s ta t i ons  22 t o  29 perhaps 15 t o  
30 Ka ( t h e  lack  o f  very  l a rge  boulders i n  these u n i t s  suggests the  
step i s  i n  a bedrock h igh  pro t rud ing  i n t o  the  fan sediments ra the r  than 
simply a l a rge  boulder) .  

(b)  U n i t  6 was deposited by  bra ided streams l o c a l l y  reworking o lde r  
a1 luvium on the  fan surface. 

( c )  U n i t  7 was deposited as a debr is  f l ow  over t he  e n t i r e  area 
exposed by the  t rench about 15 t o  30 Ka. Thin s u r f  i c i a l  co l  luvium 
deposited by l o c a l  slopewash processes began forming, and s o i l  
development on u n i t  7 began. 

(d) One o r  more f a u l t i n g  events o f f s e t  u n i t s  1 through 7 down t o  
the  west near s t a t i o n  32 ( f a u l t  zone 1) w i t h  probable a n t i t h e t i c  
f a u l t i n g  down t o  the  east somewhere between s ta t i ons  48 and 63 
( f a u l t  zone 2 ) ,  forming a graben p a r a l l e l  w i th  the  present main 
scarp ( f a u l t i n g  event a, t a b l e  5.4). This graben was requi red t o  
d i v e r t  the  stream which deposited u n i t  8. Displacement dur ing t h i s  
event(s) cannot be determined. 

(e)  I n t e r m i t t e n t  d i ve rs ion  o f  p a r t  o f  the  streamflow i n  the t r i b u t a r y  
t o  Co-op Creek j u s t  no r th  o f  t he  t rench ( f i g .  4.4) took place 
through the  graben, reworking col luv ium deposited i n  the graben and 
a l l u v i a l  fan sediments and depos i t ing  them l o c a l l y  as u n i t  8 ( u n i t  8 
may cons is t  most ly  o f  scarp-derived col luv ium east o f  s t a t i o n  39). 

( f )  Renewed down-to-the-west f a u l t i n g  a t  s t a t i o n  32 ( f a u l t  zone 1) 
produced a t h i c k  c o l l u v i a l  wedge ( u n i t s  9 and 11). Two 1 ines o f  
evidence suggest t h i s  wedge was produced by  at l eas t  two displacement 



events (b  and c?, t a b l e  5.4). (1 )  U n i t  9 upper and lower contacts 
are i n d i s t i n c t ,  bu t  d e f i n i t e l y  d i p  eastward suggesting b a c k t i l t i n g  
o f  i n i t i a l  f a u l  t -scarp-derived c o l  luvium. (2) Fol lowing a f a u l t  
event, the  t r i b u t a r y  o f  Co-op Creek was d i ve r ted  i n t e r m i t t e n t l y  
along the  graben reworking the  d i s t a l  p a r t  o f  t he  wedge ( u n i t  9) t o  
form u n i t  10a. Westward l a t e r a l  eros ion o f  u n i t  7 by the  stream 
allowed t h e  main channel t o  migrate westward where u n i t  l ob  was 
deposited. Un i t  10 i s  apparent ly o f f s e t  down t o  the east about 0.8 
t o  1.8 m a t  s t a t i o n  50 w i t h  a smal ler a n t i t h e t i c  o f f s e t  a t  s t a t i o n  
49 ( f a u l t  zone 2). It i s  very l i k e l y  t h a t  t h i s  displacement i n  
f a u l t  zone 2 was contemporaneous w i t h  f a u l t i n g  i n  f a u l t  zone 1, but  
u n i t  10a postdates the  deposi t ion o f  u n i t  9. The higher percentage 
o f  cobbles i n  u n i t  l l b  a lso suggests a l a t e r  c o l l u v i a l  event. If 
u n i t  contacts have been i n c o r r e c t l y  i n te rp re ted  and t h i s  c o l l u v i a l  
wedge i s  the  product o f  one f a u l t  event, the  wedge thickness suggests 
a minimum s t r a t i g r a p h i c  displacement o f  4.8 m. Two o r  more events 
suggest smal ler displacements ( t a b l e  5.4). 

The t r i b u t a r y  t o  Co-op Creek cu t  t o  below the  l eve l  o f  t he  graben 
dur ing t h i s  per iod  and was no longer d i ve r ted  p a r a l l e l  t o  the  scarp 
( f i g .  4.4). More d i s t a l  co l luv ium composed o f  f i n e r  mater ia l  derived 
from the  scarp was deposited w i t h  an increasing eo l i an  component i n  
the upper p a r t  o f  u n i t  12, f i l l i n g  t h e  small graben a t  49. So i l  
development continued on u n i t s  7 and 10 w i t h  th ickening o f  u n i t s  78, 
7E, 10E, and 16 ( p a r t i c u l a r l y  over areas w i th  a gent le r  slope) and 
the  beginning o f  s o i l  development on u n i t  12 dur ing the  Holocene. 

(g )  Down-to-the-west f a u l t i n g  o f  about 1 . l - m  displacement a t  
s t a t i o n  29 ( f a u l t  zone 3) and down-to-the-east f a u l t i n g  ( e i t h e r  
v e r t i c a l  or  reverse f a u l t i n g )  of 0.9 m-displacement a t  32 (event d; 
f a u l t  zone 1). The graben block between 28 and 32 was t i  1 ted  
westward and there  appears t o  have been some drag or  slumping (10 t o  
20 cm) i n  add i t i on  t o  previous b a c k t i l t i n g  o f  u n i t s  11 and 9. 
Proximal scarp-derived col luv ium was deposited (13a from main scarp; 
13b from co l  luvium scarp) i n t o  the graben between f a u l t  zones 1 and 
3 immediately a f t e r  f a u l t i n g .  This was fo l lowed by more gradual 
deposi t ion o f  u n i t  14 i n  the  small graben w i th  mater ia l  derived from 
both graben scarps along w i t h  surface col luv ium and E horizon 
mater ia l  from above the  main scarp. There may have been some offset 
o f  u n i t  16 between s ta t i ons  50 and 56 dur ing  t h i s  event, b u t ' t h i s  
u n i t  lacks s t r a t i f i c a t i o n ,  i t s  contacts are very gradat ional,  and no 
shear zones have been located. Deposit ion o f  the  upper p a r t  o f  
u n i t  12 and s o i l  development on u n i t s  7, 10, and 12 (128) continued 
w i th  the  th icken ing  o f  u n i t s  7E, 10E, and 16. A s o i l  began t o  
develop on u n i t  14 w i t h  some slopewash deposi t ion and e l u v i a t i o n  
producing the  lower p a r t  o f  u n i t  16 a t  s t a t i o n  31. 

(h)  La ter  f a u l t i n g  o r  poss ib l y  compaction (event e?) took place 
w i th  small displacements on t h e  graben f a u l t s  i n  f a u l t  zone 3 
(10 t o  20 cm) and f a u l t  zone 1 (20 t o  90 cm) producing a small step 
i n  the  u n i t  14 upper contact a t  s t a t i o n  28 and a wedge o f  loose 
brown col luv ium ( u n i t  15) a t  s t a t i o n  32. I d e n t i f i a b l e  shear zones 
were not  recognized i n  these mater ia ls .  Un i t  16 thickened over the 



graben due t o  i n f i l l i n g  by slopewash mater ia l  from the  scarp and 
r a p i d  e l u v i a t i o n  took place i n  the  sandy col luv ium o f  u n i t  14. So i l  
development continued w i t h  deposi t  i o n  o f  mater i  a1 making up the  
present A hor izon ( u n i t  17) over t he  whole t rench by slopewash and 
eo l i an  deposi t ion ( t h i c k e r  i n  depressions and th inne r  on slopes) 
w i t h  a more rap id  depos i t ion  r a t e  i n  t he  main graben depression. 

b.  Co-op Creek t rench 2. - A second shor te r  (27 m) t rench (CC-2) was 
excavated across the  7-m scarp 0.8 km south of the s i t e  o f  C C - 1  ( f i g .  
4.4). The t rench was about t he  same depth as C C - 1  (2.5 t o  3.5 m), bu t  was 
somewhat narrower due t o  t h e  more s tab le  t rench wa l ls  i n  t he  f iner -gra ined 
u n i t s  i n  t h i s  t rench ( p l .  4) .  

(1) S t ra t i g raph ic  u n i t s .  - 
(a)  A l l u v i a l  fan sediments. - A l l u v i a l  f an  sediments exposed i n  CC-2 
were s i m i l a r  t o  those i n  C C - 1  ( t a b l e  5.5) except t ha t  a1 1 were 
somewhat f iner -gra ined and the  lower h a l f  of the  upthrown block 
consisted o f  clayey s i l t  w i t h  very few c l a s t s  ( u n i t  1).  Auger hole 4 
( f i g .  4.4) shows sediment s i m i l a r  t o  u n i t  l a  extends t o  a depth o f  
7 m on the  downthrown s ide  o f  the  scarp a t  t h i s  loca t ion .  Un i t  2  i s  
s i m i l a r  t o  u n i t  7  i n  CC-1, bu t  has less  c l a s t s  ( t a b l e  5.5).  A l l  
u n i t s  were probably deposited by mud and debr is  flows moving across 
the  surface o f  the  fan. The s o i l  on u n i t  2  i s  almost i d e n t i c a l  t o  
t h a t  on u n i t  7  i n  CC-1;  u n i t  20 i s  the  equivalent o f  u n i t  70 and 
u n i t s  2E, and p a r t  o f  u n i t  5  i s  s i m i l a r  t o  u n i t s  7E and 16. 

Un i ts  2a and l b  form a carbonate-r ich hor izon (stage I) which 
t runcates the bedding i n  the  a l l u v i a l  fan  sediments demonstrating 
i t s  r e l a t i o n s h i p  t o  the  present topography i n  t he  upper h a l f  o f  the 
trench. A f a u l t  (event b) s t r i k i n g  147' and d ipp ing  42 t o  72' 
c l e a r l y  d isp laces u n i t  l a  1.1 m down t o  the west i n  f a u l t  zone 2. 
However, u n i t  2, which o v e r l i e s  1 on the  upthrown block, i s  missing 
on the  downthrown s ide o f  the  f a u l t .  

Un i t  2  ( B ? )  i n  the downthrown p a r t  o f  the  trench i s  c layey l i k e  
u n i t  1, but  cobbly l i k e  u n i t  2. It i s  most l i k e l y  the  downthrown 
equivalent  o f  the  upper p a r t  o f  u n i t  2 ( e i t h e r  a l a t e r a l  f ac ies  
change o r  20, the a r g i l l i c  hor izon) ,  although i t  could be p a r t  o f  
u n i t  1. Apparently u n i t  20 was eroded from above u n i t  l a  between 
s ta t i ons  13 and 16 be fore  displacement i n  f a u l t  zone 2 .  

(b)  Col l u v i  a1 sediments. - CC-2 conta ins col  l u v i a l  u n i t s  very s i m i l a r  
t o  those i n  CC-1, bu t  u n i t  contacts i n  the  o lder  col luviums are even 
more gradat ional  and d i f f i c u l t  t o  t race .  L i t h o l o g i c  changes w i t h i n  
u n i t  3 suggest i t  was produced by a ser ies  of c o l  l u v i a l  events. 
Faul t event a ( t  abl e 5.4) produced down-to-t he-west d i  sp l  acement 
i n  f a u l t  zone 1. Un i t  3a i s  the  r e s u l t  o f  erosion o f f  t he  scarp i n  
u n i t  2  (now e n t i r e l y  eroded) a t  s t a t i o n  16-17. The progressively  
gen t l e r  d i p  o f  the f a i n t  contacts between u n i t s  2, 3a, and 3b and 
s l i g h t l y  coarser t e x t u r e  o f  u n i t  3b suggests i t  was also der ived 
from a former scarp a t  s t a t i o n  16 dur ing  a subsequent displacement 
o r  poss ib l y  f l u v i a l  event. The eastward d i p  o f  these u n i t  contacts 



T a l e  5 5 - Ll thuloglc descrlpllon of s t r r t l g g h l c  u n l l s  In  Co-op CrNL Trench 2 

A.Ignouldrl1~ 
h s e l l  
color 1/ 

- - - - -- 
Alluvial Ian d e &  

2.51114111 S l l f y  Cldy 
to 5111716 2 0 0 - 0  0 faintly (0.5 t o  ~ t r a t l f l d  3 a Iblck); mlth r u e  s a r  c u b m a t e  mi I n n e r  

nodules 
I 0 0 - k 3  It h r u p t  bob ColDn c u M a a l a  I l l m t r  

Z Lkbrlr  f lw 2.5111516 S111y clay l o r  Poorly to 1mstrM1tl.l; ~ w a l  I n s e a  
(2 t o  10 m th lck) 

za  co,-rath 2.511511 15 5 o 4 30 38 m h3;c.r I W u p t  Y m t b  Cubonate clast c o a t l q s  ad f l l r r t r  1. 
1-1 half; c&la leases m u  E end 

ZD 2.511518 10 1 0 4 4 4 3 6 1 2 0  0 Clem b o t h  
28 t g l l l l c  8 5011 lmrlzon 2.511516 )O 0 0 1 6 2 4 X l 1 0 0  0 C l e u  UV# P r l ~ t l c  s t r ~ ~ t ~ e ;  s w  clay u y  b. 

I n t l l t r a l d  
Z t  f l l u r ~ a l  r o l l  Mr lzon  51RL15 S d y  l o r  M 5 0 4 ~ 2 0 2 0 0  0 C I e u  h o l h  

Scdrp-do Ired c o l l u r l u  

1 smoy co l  l u v l w  Sand 15 10 0 8 0 1 2 0  ~ o n l t r r t l f l e d  r l I  Ir 

0 Clem b o t h  w e  red  clay Ir t s  t h m  upper ultr 
t o ;  c-3 o OIIIU~~ *th c u t m a t e  se- G I- wtrt 

0 Oiffuse h o t h  
0 0 Clear h l b  Lenses ad poh of c l q  i n  s m d l a  utrll; 

m l l y  r t r a t l f l e d  pebble beds very 
heteropmous 

5 Subg pro*lmdl c o l l u r l u  5111114 Loay  sand 0 0 Clem h o l h  M s t r r t l f l e d  

I /  lh y Culur of U y u r  rd lakehard (1961). 
il k ~ t l u r d ~  sf 5011 Survey Staff (1915). 
?I Scale A = anguldr SA = raPdw8lu  11 - rmm4ed YI = well r o u l k d .  
41 S(dlcb 01 Sull Surv;y Sldrf (1915) a h  Ur lmYt  Uchet te  (1917). M - matrlx C . c l a r t r .  
51 ~ u r r c a r e '  l c l l c r r  denute r a u n l t s  dlr t lngulrhed by m l w  l l t lmlogl ;  d l f ferencer 'ud pronounced td contacts. 



suggest s l i g h t  b a c k t i l t i n g  du r i ng  f a u l t i n g .  The th ickness  o f  u n i t s  
3a and 3b suggests displacements o f  >0.8 t o  >2 m f o r  one o r  more 
f a u l t  events, b u t  no shear zone i n  t h i s  p a r t  o f  t he  t rench  has been 
recognized. The more d i s t i n c t  co l luv iums i n  t h e  same s t r a t i g r a p h i c  
p o s i t i o n  i n  C C - 1  suggest more than one f a u l t  event may be represented 
by  u n i t s  3a-3c i n  CC-2. However, poor s t r a t i f i c a t i o n ,  l e s s  c lay ,  
fewer h i g h l y  weathered c l a s t s ,  and b r i g h t e r ,  more ox id i zed  c o l o r  i n  
u n i t  3c may i n d i c a t e  s l i g h t  rework ing o f  prox imal  c o l l u v i a l  sediments 
by  very  i n t e r m i t t e n t  f l ows  from one of t h e  small l o c a l  drainages on 
t h e  fan. 

La te r  (event  b )  down-to-the-west f a u l t i n g  of about 1-m d i  sp l  acement 
i n  f a u l t  zone 2  and down-to-the-east a n t i t h e t i c  f a u l t i n g  o f  s i m i l a r  
displacement i n  f a u l t  zone 1 (reversed from prev ious displacements) 
produced a  small graben between s t a t i o n s  13 and 16 ( p l .  4 ) .  Rapid 
i n f i l l i n g  o f  t h e  graben r e s u l t e d  i n  u n i t  3d. Thus, u n i t  3d probably  
cons i s t s  o f  remnants o f  u n i t  2, some ve ry  proximal b locks o f  
u n i t s  3a and 3b, co l l uv i um der ived  f rom u n i t s  3a, 3b, and 3c, and 
co l l uv i um der ived  f rom t h e  main scarp ( u n i t s  1 and 2).  

U n i t  4, t h e  upper p a r t  o f  which i s  a  weak B t  ho r i zon  (48), cons i s t s  
o f  more d i s t a l ,  f i ne -g ra ined  co l l uv i um deposi ted g radua l l y  by  slopewash 
and eo l  i an processes. 

U n i t s  2E and 5  were deposi ted by  slopewash and e l u v i a t i o n  o f  f i n e s  i n t o  
u n i t  28, b u t  u n i t  5 ' s  th ickness  and t h e  s tep  i n  i t s  lower con tac t  j u s t  
east  o f  f a u l t  zone 2  ( f i g .  5.5) suggest a  poss ib l e  small (<30 cm) 
displacement (event  c ? )  a t  s t a t i o n  11 w i t h  subsequent i n f i l l i n g  o f  
t h e  s tep  by u n i t  5  m a t e r i a l .  

As i n  C C - 1  t h e  upper u n i t  ( 6 )  i s  t h e  modern A hor i zon  which was 
p a r t i a l l y  removed near t h e  west end o f  t h e  t rench  du r i ng  excavat ion 
(n6 on p l  . 4) .  

( 2 )  Est imated ages o f  u n i t s .  - 
(a )  S o i l  r e l a t i v e  da t ing .  - The s o i l  developed on t h e  a l l u v i a l  f an  
sediments on t h e  upthrown b lock  o f  t rench  CC-2 i s  ve ry  s i m i l a r  t o  t h a t  
on t h e  same sediments i n  CC-1, i n d i c a t i n g  a s i m i l a r  "Pinedale" age o f  
about 15 t o  30 Ka. 

Th in a r g i l l a n s  coa t i ng  c l a s t s  and l i n i n g  pores i n  u n i t  4B i n  p r o f i l e  
SC-3 (app. A ) ,  a  probable s l i g h t  increase i n  c lay,  and a  s l i g h t l y  
h igher  chroma ( t a b l e  5.2) i n d i c a t e  t h i s  u n i t  i s  a  cambic B hor i zon  
developed on u n i t  4  co l l uv i um as i t  accumulated. Th is  cambic B  
i s  more weakly developed toward u n i t  3d where t h e  u n i t  4  co l l uv i um 
becomes coarser, b u t  o therwise i s  ve ry  s i m i l a r  t o  u n i t  12B i n  CC-1.  
The degree o f  s o i l  development i n  t h i s  f i ne r -g ra ined  co l l uv i um suggests 
a  mid- t o  e a r l y  Holocene age f o r  t h e  co l l uv i um (sec. 4.4.1); t h i s  i s  
conf i rmed by  t h e  14C dates discussed below. 

( b )  Radiocarbon da t ing .  - F i v e  smal l  areas o f  o rgan i c - r i ch  sediment 
between s t a t i o n s  16 and 18 i n  u n i t  3  ( n l  through n4 on p l .  4 )  a1 low 
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Figure  5.5. South wal l  of  Co-op Creek t r e n c h  2 between s t a t i o n s  1 2  and 14  
showing t h e  c o l o r  c o n t r a s t  a c r o s s  f a u l t  zone 2 ( n e a r  l e f t  edge o f  photo;  
u n i t  1 on l e f t ,  u n i t  3 on r i g h t ) ( p l .  4 ) .  L igh t -co lo red  m a t e r i a l  i n  upper 
t h i r d  o f  photo i s  u n i t  4. 



i t s .  age t o  be assessed by  14C methods. A t  the  contact between u n i t s  3 
and 2 a t  s t a t i o n  18, 5 kg o f  black s i l t y  c l a y  were co l l ec ted  from 
a f l a t t ened  oval area much darker i n  c o l o r  than e i t h e r  u n i t s  2 o r  3 
(n5 on p l .  4; f i g .  5.6). The depth, s ize  (5  by  15 cm), sharp contacts, 
oval shape, and l o c a t i o n  a t  t he  top of a more consol idated bed 
suggest t h i s  i s  the  remains o f  a small mammal burrow (probably a 
U in ta  ground s q u i r r e l  burrow reoccupied by  a s t r i ped  skunk; David 
Armstrong, U n i v e r s i t y  o f  Colorado Museum, o r a l  communication, 1981). 
The concentrated c l  ay-si l t lhumus f r a c t i o n  (methods o f  K i h l  , 1975) o f  
2.5 kg o f  sediment (0.03 g estimated carbon) from t h i s  burrow gave a 
14C age o f  2990 + 650 ( p l  . 4; t a b l e  5.6). The burrow materi  a1 
provides on ly  a Zinimum age fo r  u n i t  3 and over ly ing  u n i t s  because 
i t  could have been dug by an animal from the  present ground surface 
r e l a t i v e l y  r e c e n t l y  (Armstrong, o r a l  communication, 1981). 

However, t he  organ ic - r i ch  sediment i n  t he  burrow was probably 
der ived p r i m a r i l y  from A hor izon ma te r ia l  washed i n t o  the  burrow 
a f t e r  i t  was abandoned. The 14C age on t h i s  mater ia l  would be an 
apparent mean residence age (Scharpenseel and Schiffmann, 1977) ; an 
age probably somewhat o lde r  than the  burrow (discussed i n  more 
det a i  1 be1 ow) . 
The o ther  zones of o rgan ic - r i ch  sediment ( n l  through n4, p l  . 4) are 
a l ined more o r  l ess  v e r t i c a l l y  through u n i t  3 a t  s t a t i o n  16. These 
zones are smal ler (5 cm diameter), much more i r r e g u l a r  i n  shape, and 
have more gradat ional  contacts ( w i t h  the  nonorganic-r ich col luv ium) 
o f  u n i t  3 than the  burrow d i d  ( f i g .  5.7). Small (<l-cm-wide) 
blotches o f  o rgan ic - r i ch  sediment are found between the zones marked 
on p l a t e  4 ( n l ,  n2, n3, n4), bu t  were too  small t o  sample eas i l y .  
Although i t  i s  poss ib le  t h a t  t he  organic sediment a t  s t a t i o n  16 was 
o r i g i n a l l y  deposited i n  small burrows, the  col luv ium must have been 
considerably d is tu rbed a f te r  t he  burrows were abandoned. A more 
l i k e l y  o r i g i n  i s  t h a t  A hor izon ma te r ia l  was incorporated i n t o  
ground cracks dur ing  f a u l t  displacement o f  the  col luv ium (event b, 
t ab le  5.4) a t  s t a t i o n  16. Radiocarbon analys is  o f  the  si l t -c lay/humus 
f r a c t i o n  o f  1.5 kg o f  sediment co l l ec ted  from the  upper th ree  zones 
a t  s t a t i o n  16 ( n l ,  n2, n3) gave an age o f  3135 + 205 ( p l .  4; 
t a b l e  5.6), about t he  same age as the  date on tFe burrow. 

There are many i n t e r p r e t i v e  problems (Mathews, 1980) which compl i cate 
using these 14C ages t o  date the  f a u l t  events recorded i n  CC-2. The 
dispersing, s iev ing,  and dry ing  procedures used t o  concentrate the  
organic f r a c t i o n  o f  t he  samples has probably introduced some modern 
carbon i n t o  the  sample. Add i t iona l  younger carbon has probably been 
added through downward pe rco la t i on  o f  humic ac id and f i n e  roo t  penetra- 
t i o n  (Geyh and others, 1971), bu t  use o f  on l y  the  f i n e r  f r a c t i o n  (<I25 u)  
o f  the  samples and treatment w i t h  HC1 and NaOH should have s i g n i f i c a n t l y  
reduced the  propor t ion  o f  younger carbon i n  the  samples (Scharpenseel, 
1971; Mathews, 1980). Although mean residence 14C ages on s o i l  mater ia l  
from the  l a t e  Holocene are commonly doubled t o  a1 low f o r  younger carbon 
contamination ( R .  J. Schelmon, o r a l  communication, 1982), even i f  the  
samples contained as much as 30 percent modern carbon when analyzed 
very un l ike1 : the  actual age o f  t he  samples would not exceed 4.3 Ka 

101 sson, 19683. 



Figure  5.6. Burrow i n f i l l e d  w i t h  s i l t y  o rgan ic - r i ch  sediment a t  the top  o f  
u n i t  2(B?) between s t a t i o n s  17 and 18 i n  Co-op Creek t rench 2 (n5 on p l .  4)  
t h a t  was 1% dated. Scale i n  cent imeters and decimeters. 



Table 5.6. - Radfocarbon dates f o r  samples from the  Strawberry Reservoir area 

Sample Welght (q) 
Dcpth 14c Laboratory No. Dated Mater ia l  Clay-r i  ltlhumus Estimated 1% date 1 3 ~  

(m) Untreated concentrate carbon (g) (~ r .  UP) (0/00) 

2.5 CX-0200 S l  1 t y  sand 1500 272 0.065 3 ,135t205 -29.6 
3.5 CX-0209 Sancty s l  1 t 2950 59 1 0.030 2,990 5 650 -29.0 

700 m nor th  o f  Indian Creek 

7.3 llcta-2520 Clayey s i l t  767 183 0.9 11,290 2 220 

Indian Creek Core 1 

1.7-2.2 GX-0211 Clayey s i l t  343 26 7 >1.0 8,230 2 190 -27.0 
6.6-6.9 GX-8213 Sandy c lay 506 199 >1 .O >37 ,000 -26.7 
8.9-9.2 CX-0214 S i l t y  c lay  255 167 >1.0 25.840 2 1,300 -28.6 
10.1-10.7 GX-11210 S i l t  and peat 345 - >1.0 >37.000 -27.8 

Inilia11 Creek Core -? 

1.3-1.7 GX-0212 S i  l t y  sand 46 1 134 >1.0 2.955 2 145 -26.7 



Figure 5.7.  Inf i l l ings of organic-rich sandy sediment (dark areas) a 
station 16 in Co-op Creek trench 2 ( n l  and n 2  on p l .  4) that were f4C 
dated. Scale in centimeters and decimeters. 



The 14C ages, however, probably prov ide a maximum est imate o f  t he  t ime 
when the  A hor izon ma te r ia l  was incorporated i n t o  the  burrow and the  
f a u l t  zone because the  ages are apparent mean residence ages o f  the  
soi  1 organic mater i  a1 which (ba r r i ng  s i g n i f i c a n t  very recent younger 
carbon contamination) must be o lde r  than the  t ime when the  A hor izon 
mater ia l  was buried. 

The burrow could have been dug more recent ly ,  bu t  the  undisturbed 
cambic B hor izon above the  upper organic zones a t  s t a t i o n  16 suggest no 
movement has taken p lace i n  f a u l t  zone 1 i n  the  l a s t  few thousand years 
( t he  estimated minimum t ime needed t o  develop the  cambic hor izon) .  
Thus, whether t he  organic sediment was incorporated i n  u n i t  3d dur ing 
f a u l t  event b ( t a b l e  5.4) o r  small i n f i l l e d  burrows were deformed 
dur ing event b, 3 Ka i s  a reasonable rough est imate f o r  t he  age o f  
t h i s  event. C e r t a i n l y  t he  event took place between 2 and 4 Ka ago. 
Postulated event c? i s  younger than event b by an unknown amount. 

(3)  Sequence o f  Events. - Based on t h e  li tho log ies  ( t a b l e  5.5), 
s t r a t i g r a p h i c  re la t i onsh ips  ( p l .  4), and estimated ages o f  u n i t s  i n  
Co-op Creek Trench 2, we i n f e r  t h e  f o l l o w i n g  sequence of events: 

(a) Un i ts  1 and 2 were deposited on the  a l l u v i a l  f an  by mudflows and 
debr is  f lows fo l lowed by  s o i l  development on u n i t  2 about 15 t o  30 Ka. 

(b) A f a u l t  (event a, t a b l e  5.4) t h a t  i s  no t  exposed i n  the  trench 
o f f s e t  u n i t s  1 and 2 down t o  the  west, e i t h e r  approximately 1 and 2 m 
i n  two events, o r  about 3 m i n  one event. Colluvium ( u n i t  3a) eroded 
from u n i t  2 on the  upthrown block was deposited o f f  o f  a scarp at 
s t a t i o n  16 which no longer ex i s t s .  The second probable event on the  
same f a u l t  w i t h  t o t a l  displacement o f  about 2 m may have produced 
c o l l u v i a l  wedges 3b and 3c w i t h  minor b a c k t i l t i n g  o f  the  wedges. A l l  
o f  u n i t  2 near t he  edge o f  t he  scarp was apparent ly eroded dur ing t h i s  
period. 

I n t e r m i t t e n t  h igh  f lows from a small drainage near the  trench s i t e  
probably reworked the  upper 40 cm o f  u n i t  3 t o  form u n i t  3c. So i l  
development on u n i t  2 cont inued w i t h  a r g i l l i c  B horizon development 
(2B) 

( c )  Later  f a u l t i n g  a t  s t a t i o n  12 (event b, t ab le  5.4) o f f s e t  u n i t  1 
about 1 m down t o  the  west and between 16 and 17 dropped u n i t  1 east 
o f  16 down t o  the east a s i m i l a r  amount r e l a t i v e  t o  the col luviums 
prev ious ly  der ived from i t  and u n i t  2 t o  form a graben as i n  C C - 1  
about 2 t o  4 Ka. Organic mater i  a1 was incorporated i n t o  f a u l t  zone 
1 a t  t h i s  time, and an animal dug the  burrow a t  s t a t i o n  18. Un i t  3d 
was deposited by dumping o f  mater ia l  eroded from the  main scarp and 
the  scarp i n  u n i t s  3a, 3b, and 3c i n t o  the  narrow graben between 12 
and 17. 

(d) S o i l  development on u n i t  2 cont inued th icken ing  u n i t s  2E and 28 
w i th  carbonate (s tage I) accumulation a t  depth. Un i t  4 began forming 
by slope wash and eo l i an  processes. 



(e )  Th is  was f o l l owed  by  a poss ib l e  smal l  o f f s e t  (event c? )  o f  
<40 cm i n  u n i t  5 a t  s t a t i o n  11 w i t h  t h i cken ing  o f  u n i t  5 due t o  
f i l l i n g  o f  t h e  r e s u l t i n g  step. If t h i s  o f f s e t  i s  due t o  d isp lace-  
ment on f a u l t  zone 2 r a t h e r  than t o  non tec ton ic  compaction near t h e  
f a u l t  zone, t h e  f a u l t  i n  u n i t  5 apparen t l y  d i ps  a t  l ess  than 45" W. 
because u n i t s  1 and 2 a t  s t a t i o n  11 are no t  d isp laced.  S o i l  develop- 
ment cont inued on u n i t s  2 and 4 g r a d u a l l y  forming a cambic B hor izon  
on u n i t  4 (48). S l i g h t  scour ing  by  storm drainage along t h e  scarp 
may have produced t h e  depression a t  s t a t i o n s  19-20. Deposi t ion of 
f i ne -g ra ined  mater i  a1 by slopewash. and eo l  i an processes t o  g radua l l y  
form u n i t  6 has cont inued t o  t h e  present .  

c. Co r re l a t i on  o f  f a u l t i n g  events and displacements. - Co r re l a t i on  o f  
s t r a t i g r a p h i c  u n i t s  and f a u l t i n g  events between t h e  two trenches i n d i c a t e s  
each s i t e  ( f i g .  4.4) has had a s i m i l a r  f a u l t  movement h i s t o r y  ( t a b l e  5.4) 
as would be expected f o r  s i t e s  0.8 km apar t  on t h e  same 7-rn scarp. Un i t s  
i n  CC-1  cou ld  represent  as many as s i x  f a u l t  events o r  as few as t h ree  
( f o u r  i s  our p r e f e r r e d  number). Three and p o s s i b l y  f o u r  events may 
be represented i n  CC-2. Because u n i t s  i n  t h e  downthrown b lock c o r r e l a t i v e  
w i t h  upthrown u n i t s  were no t  reached i n  CC-1, severa l  e a r l y  f a u l t  events 
may be unrecognized. However, t h e  downthrown b lock  was reached i n  CC-2 
suggest ing s i g n i f i c a n t l y  more unrecognized events d i d  no t  occur i n  CC-1 .  

S t r a t i g r a p h i c  r e l a t i o n s h i p s  i n  bo th  trenches suggest s t r a t i g r a p h i c  
displacements o f  1 t o  3 m f o r  most events w i t h  smal ler  displacements 
f o r  probable younger events. L i m i t s  were se t  on s t r a t i g r a p h i c  d i sp lace - '  
ments by d i v i d i n g  t o t a l  o f f s e t  f o r  a s t r a t i g r a p h i c  i n t e r v a l  by  t h e  number 
o f  events suggested by  c o l l u v i a l  u n i t s  ( f o r  example, Swan and others ,  
1980). D i  sp l  acements have a1 so been est imated by doubl ing t h e  maximum 
c o l l u v i a l  wedge th ickness.  Given s u f f i c i e n t  t ime f o r  scarp degradat ion 
t h i s  should p rov ide  a reasonable minimum est imate of s t r a t i g r a p h i c  d isp lace-  
ment ( f o r  example, Nash, 1981). If t h e r e  were o n l y  shor t  i n t e r v a l s  o f  
t ime ( r e l a t i v e  t o  scarp e ros ion  r a t e s )  between displacement events, c o l  1 u v i a l  
wedge th ickness displacement est imates a re  t oo  low. 

Swan and o thers  (1980) determined t h a t  t h e  ne t  t e c t o n i c  v e r t i c a l  d isp lace-  
ment across t he  f a u l t  zone was about h a l f  t h e  measured s t r a t i g r a p h i c  
o f f s e t  on t h e  Wasatch f a u l t .  Our est imates o f  ne t  v e r t i c a l  t e c t o n i c  
displacement across t he  upper f a n  scarp f a u l t  zone, measured f rom scarp 
topographic p r o f i l e s ,  are a much sma l le r  p ropo r t i on  o f  s t r a t i g r a p h i c  
displacement ( t a b l e  5.4) because o f  s i g n i f i c a n t  graben fo rmat ion  and 
b a c k t i l t i n g .  We have c a l c u l a t e d  t he  p ropo r t i on  o f  t o t a l  net v e r t i c a l  
t e c t o n i c  displacement accounted f o r  du r i ng  each event (nega t i ve  values are 
due t o  a n t i t h e t  i c  f a u l t i n g ) ,  b u t  these values are c l e a r l y  not meaningful 
when compared w i t h  t h e  emp i r i ca l  p l o t s  o f  displacement data of Slemmons 
(1977) (discussed i n  sec t i on  6.4.1). Furthermore, t h e  7-m scarp i s  o n l y  
subs id i a r y  t o  t h e  main t r a c e  o f  t h e  St rawberry  f a u l t .  Fau l t  s l i p  almost 
c e r t a i n l y  took p lace  on t h e  5-m-high scarp west o f  t h e  trenched scarp, t h e  
2-m-high eas t - fac ing  scarp eas t  o f  t h e  trenched scarp, and/or along t he  
main t r a c e  o f  t h e  f a u l t  a t  t h e  fan-bedrock con tac t  du r i ng  a t  l e a s t  some of 
events recorded i n  t h e  trenches ( f i g .  4.4). Morphologic da ta  do no t  
suggest t he  5- o r  2-m scarps d i f f e r  s i g n i f i c a n t l y  i n  age from t h e  7-m 
scarp. Net v e r t i c a l  t e c t o n i c  displacement per  event and long-term s l i p  



r a t e s  across t h e  e n t i r e  f a u l t  zone cannot be accu ra te l y  est imated because 
o f  unknown displacements on t h e  main f a u l t  t r a c e  and t h e  o the r  scarps. 
However, doubl i n g  t h e  maximum s i n g l e  event and t o t a l  d i  s p l  acments f rom 
t h e  trenches probably  prov ides conserva t i ve  est imates of these parameters. 
They y i e l d  a maximum ne t  v e r t i c a l  t e c t o n i c  displacement per  event o f  3.6 m 
and a s l i p  r a t e  o f  0.14 t o  0.4 mm/yr. 

5.3.2 A l l u v i a l  P l a i n  Coring 

5.3.2.1 S i t e  geology 

Eleven km south o f  t he  t r ench  s i t e s ,  I nd ian  Creek f lows from t h e  west across 
a 9-km2 a l l u v i a l  p l a i n  on t h e  downthrown s i d e  o f  t h e  St rawberry  f a u l t  i n t o  
a 175-m-deep stream c u t  v a l l e y  on t h e  upthrown b lock .  The benches c u t  i n  t h e  
bedrock spur, forming t h e  south s i de  o f  t h e  stream v a l l e y  ( f i g .  4.2), suggest 
a l t e r n a t i n g  per iods  o f  r e l a t i v e  s t a b i l i t y  and u p l i f t  a long t h e  f a u l t .  The 
j u x t a p o s i t i o n  o f  a broad a1 l u v i a l  p l a i n  covered w i t h  Holocene a1 luv ium and 
t h e  200-m-high bedrock scarp on t h e  St rawberry  f a u l t  (which steepens near t h e  
base; f i g .  4.2) are suggest ive o f  r e1  a t i v e l y  recen t  movement on t h e  f a u l t .  

De ta i l ed  mapping o f  t h e  T e r t i a r y  beds near t h e  s i t e  ( f i g .  4.5) and shal low 
se ismic r e f r a c t i o n  p r o f i l i n g  ( u n i t s  1 and 2 o f  Van Arsdale, 1979a) show t h e  
main t r a c e  o f  t h e  f a u l t  runs along t h e  west edge of t h e  bedrock spur 120 m 
west o f  t h e  main scarp. Re f rac t i on  work shows t he  f a u l t  scarp d i ps  about 58" 
a t  depth, s i m i l a r  t o  t h a t  measured on t h e  f a u l t  by  Thompson (1971) n o r t h  of 
St rawberry  Reservoir .  Re f rac t ion  da ta  a l so  suggest bedrock i s  w i t h i n  4 m of 
t h e  sur face  i n  t h e  stream v a l l e y  and g rea te r  than 60 m deep 80 m west o f  t h e  
bedrock scarp ( f i g .  5.8). These r e l a t i o n s h i p s  suggest r ecu r ren t  movement on 
t h e  St rawberry  f a u l t  d isp laced  r e l a t i v e l y  recen t  a l l u v i a l  sediments below t h e  
bedrock l i p  i n  t h e  stream v a l l e y .  Large displacements probably  produced 
temporary ponding behind t h e  scarp ( f o r  example, King and V i t a -F inz i  , 1981). 

Eight-cm ( 3 - i n )  diameter Shelby push-tube samples o f  f i ne r -g ra ined  a1 l u v i a l  
sediments were taken i n s i d e  a hollow-stem auger t o  a depth o f  11 m (36 f e e t )  
80 m west o f  t h e  scarp and 2.6 m (8.6 f e e t )  eas t  o f  t he  t r a c e  o f  t he  scarp a t  
t h e  edge o f  t h e  stream v a l l e y  t o  determine t h e  age o f  t he  a l l u v i a l  f i l l  on 
t h e  a l l u v i a l  p l a i n  and i n  t h e  stream v a l l e y .  Age and depth da ta  can be 
used t o  c a l c u l a t e  minimum displacement r a t e s  across t h e  f a u l t .  Contin- 
uous samples were taken a t  60-cm ( 2 - f t )  i n t e r v a l s  except where g r a v e l l y  
beds prevented pene t ra t i on  o f  t h e  core r .  Core 1 cons i s t s  o f  a l l  samples from 
t h e  11-m auger ho le  and core 2 those from t h e  2.6-m hole.  

Both cores con ta in  brown t o  gray-green s i l t y  c l ays  t o  s i l t y  sands (app. C.) 
t y p i c a l  of a l l u v i a l  p l a i n  sediments deposi ted by  a meandering stream as we l l  
as coarse sandy g rave ls  which were deposi ted du r i ng  per iods of h igher  discharge. 
F a i r l y  t h i c k  beds o f  organic  c l a y  i n  core  1 do suggest per iods o f  ponding, 
b u t  these could be t h e  r e s u l t  o f  t h e  f i l l i n g  o f  oxbow lakes as we l l  as more 
ex tens ive  ponding du r i ng  f a u l t i n g  events.  A l t e r n a t i n g  coarse and f i n e  beds, 
accumulations o f  o rgan i c - r i ch  sediments and even peats, and orange m o t t l  i ng 
i n  coarser  zones lower i n  core  1 a l l  i n d i c a t e  w ide l y  va ry i ng  sedimentat ion 
r a t e s  t y p i c a l  o f  a c u t  and f i l l  a1 l u v i a l  environment. 
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Figure 5.8. Skematic crossection showing the relationship of In2ian 
Creek push-tube cores 1 and 2 t o  the bedrock scarp of the Strawberry 
faul t .  Refraction profiling was used t o  estimate depth t o  bedrock 
and the angle on the fau l t  scarp below the surface. The 1 ithology 
of the cores, 14c dates on organic-rich sediments, and a I l e / I l e  
rat ios  on gastropods (c i rc led)  are also shown. Core samples were 
not recovered from the thicker gravel sections. 



During i n i t i a l  i n v e s t i g a t i o n  o f  t he  s i t e ,  an auger hole (borehole 3, 
f i g .  4.5, app. B) was d r i l l e d  about 700 m n o r t h  o f  t he  s i t e  o f  core 1. 
Simi 1  a r  a1 1  u v i  a1 p l  a i  n  stream and 1  ake sediments were encountered ,between 
4  and 8 m depth below the  d i s t a l  edge o f  t h e  f ine-gra ined c o l l u v i a l  apron 
extending ou t  from t h e  main f a u l t  scarp. A second auger ho le  (bore hole 4, 
I t  scarp. A second auger ho le  (bore hole 4, 
f i g .  4.5) h igh  up on the  apron encountered o n l y  f ine-gra ined col luv ium t o  
9  m. 

5.3.2.2 Radiocarbon d a t i n g  

One sample from core 2  and f o u r  from core 1 were analyzed f o r  14C a c t i v i t y  t o  
determine t h e  age o f  t he  sediment i n  each core. A bu l k  sediment sample w i t h  
a  2-cm peat bed was analyzed from near t he  base o f  core 1, but  the  o ther  
samples requ i red  concentrat ion o f  organics i n  t he  s i l t - c l a y  f r a c t i o n  (see 
sec t i on  5.3.1.2) t o  ob ta in  enough carbon f o r  da t i ng  ( t a b l e  5.6). 

The 14C age from core 2  was from loamy sediment of t h e  modern A hor izon. 
This  and i t s  shal low depth i n d i c a t e  t he  14C age i s  an apparent mean residence 
age ( sec t i on  5.3.1.2). Because t h i s  sample probably contained organic 
ma te r i a l  reworked from o lde r  sediments, i t s  14C age i s  probably a  maximum 
age f o r  t h i s  l e v e l  (1.9 m)  i n  core 2. However, t he  upper age from core 
1 may be a  minimum age. The c layey  organic  sediment analyzed suggests qu ie t  
water depos i t ion  and t h e  contact  w i t h  ove r l y i ng  coarser sediments suggests 
b u r i a l  wi thout  long exposure a t  the  surface. Both dated samples probably 
re ta ined  a  small p ropo r t i on  o f  younger carbon even a f t e r  HC1 and NaOH t r e a t -  
ment o f  t h e  f i n e  f r a c t i o n ,  bu t  t he  percentage o f  contaminat ion was probably 
small. Espec ia l l y  i n  core 2, t h e  e r r o r  i n  t h e  14C ages may have been of fset  
by an e r r o r  (<20 percent)  i n  t h e  opposi te  d i r e c t i o n  due t o  t he  hard water 
e f f e c t  on t h e  carbon isotopes incorporated i n  t he  aquat ic organic ma te r i a l  i n  
t he  dated samples ( f o r  example, Broecker and Walton, 1958) and by o lder  
reworked organic mater i  a1 . 
Considering these age estimates, t h e  2.5-m l e v e l  i n  core 1 i s  probably 
about 8  t o  10 Ka. A sample o f  o rgan ic - r i ch  s i l t y  c l a y  a t  the  base o f  t he  
7 . 3 4  ( 2 4 - f t )  t h i c k  sequence o f  peats and gray-green s i l t y  c l a y  from near t h e  
east  edge o f  t he  a l l u v i a l  p l a i n  was 14C dated a t  11,290 y r  BP ( t a b l e  5.6). 
The s i t e  o f  t he  auger ho le  i s  a t  l eas t  5.5 m (18 f e e t )  h igher  than the  s i t e  
o f  core 1 and thus, an 11 Ka age i n  t he  auger hole a t  7.3 m (24 f e e t )  i s  no t  
i ncons i s ten t  w i t h  a  date o f  8,230 y r  BP from 2.1 m ( 7  f e e t )  i n  core 1 
( f i g .  5.8). 

The th ree  lower 14C ages from core 1 are i n te rp re ted  as minimum ages. 
Two ages were repor ted as i n f i n i t e  (>37 Ka) by  the  da t ing  laboratory,  bu t  
t h e  middle age was f i n i t e  ( t a b l e  5.6; f i g .  5.8). This sample was almost 
c e r t a i n l y  contaminated by a  small amount o f  modern carbon g i v i n g  a  f i n i t e  age 
t o  a  sample >40 Ka (H. G. Krueger, Geochron Labs, o r a l  communication, 1981). 
I f  t h e  t r u e  age was as young as 40 Ka, l ess  than 3  percent modern carbon 
would be needed t o  g i ve  a  14C age o f  25 Ka (Olsson, 1968). These i n f i n i t e  
ages below the  sand and gravel  sec t ion  o f  core 1 between 3 and 6.5 m (which 
could no t  be cored) i n d i c a t e  a  major unconformity i s  present here. Age and 
depth data from core 2  and t h e  upper p a r t  o f  core 1 cannot be used t o  ca lcu-  
l a t e  displacement r a t e  data because about 8 t o  10 Ka sediments on the  down- 



thrown s i de  o f  t h e  f a u l t  occur a t  about t h e  same l e v e l  as <3 Ka sediments on 
t h e  upthrown s ide.  Consider ing t h e  c u t - a n d - f i l l  environment o f  t h e  a l l u v i a l  
p l a i n  t he re  i s  no th ing  unusual i n  t h i s  apparent age-depth invers ion .  I n  
add i t ion ,  t h e  r a t e  o f  downcutt ing o f  I nd ian  Creek east o f  t h e  f a u l t ,  a l though 
p robab ly  r a p i d  (Hambl i n  and others ,  1981), i s  no t  known. Thus, t h e  minimum 
ages f rom t h e  lower core  can no t  even be used t o  c a l c u l a t e  maximum d isp lace-  
ment ra tes ,  b u t  f i n i t e  age est imates f o r  t h e  lower core would a l l ow  more 
meaningful est imates o f  d i  sp l  acement r a tes .  

Amino ac id  age est imates 

Amino ac id  r a t i o s  der i ved  f rom t h e  ana lys is  o f  t h e  organic  ma t r i x  w i t h i n  
carbonate f o s s i l s  have proven very  use fu l  i n  t h e  r e l a t i v e  da t i ng  and c o r r e l a -  
t i o n  o f  a  v a r i e t y  o f  Quaternary s t r a t i g r a p h i c  u n i t s  worldwide (Schroeder and 
Bada, 1976; Wi l l i ams and Smith, 1977). Many e a r l i e r  s tud ies  attempted t o  
c a l c u l a t e  numerical-age dates us ing  amino ac id  racemizat ion data, bu t  because 
o f  t h e  l a r g e  u n c e r t a i n t i e s  i n  racemizat ion k i n e t i c s  and t h e  d i f f i c u l t y  i n  
es t ima t i ng  t h e  exact temperature h i s t o r y  o f  f o s s i l s ,  t h e  r e l i a b i l i t y  of many 
o f  these dates i s  quest ionable ( M i l l e r  and Hare, 1980; McCoy, 1981). However, 
i f  independent ly dated c a l i b r a t i o n  samples are a v a i l a b l e  from t h e  same reg ion  
as samples o f  unknown age, t h e  approximate age o f  t h e  unknown samples can be 
est imated by  us ing  amino ac id  r a t i o s  t o  i n t e r p o l a t e  f rom t h e  c a l i b r a t i o n  
samples ( f o r  example, Bada and Protsch, 1973). 

Both land  and f reshwater  gastropods were found i n  t h ree  o f  t he  f o u r  samples 
f rom core  1 du r i ng  sample p repa ra t i on  f o r  14C ana lys is  and i n  an a d d i t i o n a l  
seived sample from t h e  base o f  t h e  core. Only r e c e n t l y  have attempts been 
made t o  use amino ac id  r a t i o s  measured on t e r r e s t r i a l  gastropods i n  r e l a t i v e  
d a t i n g  o f  Quaternary depos i ts  ( M i l l e r  and others ,  1979; 1982). A t  I nd ian  
Creek, we can use t h e  D-a1 l o i  so leuc ine /L - i so leuc ine  r a t i o  i n  t he  t o t a l  
hydro lyza te  amino ac id  f r a c t i o n  ( t h e  p r imary  r a t i o  used i n  r e l a t i v e  da t i ng )  
o f  t h e  gastropods 14C dated a t  8,230 yr BP t o  c a l i b r a t e  t h e  r a t e  o f  i so l euc ine  
ep imer iza t ion  i n  t h e  o l d e r  gastropod samples a t  t h i s  s i t e  (methods o f  Bada 
and Protsch, 1973, and M i l l e r  and Hare, 1980). Rat ios on s h e l l s  f rom t h e  
14C-dated sample from core  2 ( t a b l e  5.1) are l e s s  r e l i a b l e  f o r  c a l i b r a t i o n  
because t he  14C da te  p robab ly  a  maximum age. 

The r a t e  o f  amino ac id  ep imer iza t ion  i s  exponen t i a l l y  dependent on tempera- 
t u r e .  High temperatures have a much g rea te r  e f f e c t  on t h e  r e a c t i o n  r a t e  than 
e q u a l l y  low temperatures experienced f o r  t h e  same amount o f  t ime. Because o f  
t h e  lower temperatures du r i ng  t h e  "Pinedalel1 g l a c i a t i o n  t h e  average ef fec-  
t i v e  d i  agenet ic temperature (Wehmi 1 l e r ,  1977) experienced by t he  >37 Ka 
gastropods would be cons iderab ly  lower than t h e  e f f e c t i v e  temperature exper- 
ienced by  t h e  8.2 Ka s n a i l s  du r i ng  t h e  warmer Holocene per iod .  Recent 
research (Po r te r  and others ,  1982; McCoy, 1981) i n d i c a t e s  f u l l  g l  ac i  a1 
temperatures may have been 10 t o  15 "C lower than present temperatures i n  t h e  
Rocky Mountain reg ion.  Unpublished analyses (A. R .  Nelson, 1982) o f  some of 
t h e  same species o f  gastropods as those a t  I nd ian  Creek show t h a t  apparent 
e f f e c t i v e  d iagenet i c  temperatures over t h e  l a s t  600 Ka a t  Baggs, Wyoming, and 
near Carbondale, Colorado, were about 6 t o  10 "C lower than t he  present mean 
annual temperature a t  these l o c a l i t i e s .  Because t h e  ep imer iza t ion  r a t e  i n  
carbonate f o s s i l s  has been shown t o  be much more r a p i d  i n  younger f o s s i l s  
(Wehmi 1 l e r  and Be1 knap, 1978) i t  i s  u n l i k e l y  t h a t  e f f e c t i v e  temperatures f o r  



these samples were t h i s  much lower than present  mean annual temperatures a t  
I nd ian  Creek. 

Taking these f a c t o r s  i n t o  cons idera t ion ,  we have est imated t h e  e f f e c t i v e  
d i  agenet i c  temperature exper ienced b y  t h e  o l d e r  samples a t  I n d i  an Creek 
( t a b l e  5.1). Using these temperatures and t h e  temperatures ca l cu la ted  
us ing  t h e  c a l i b r a t i o n  samples from t h e  8.2 Ka l e v e l  we have ca l cu la ted  a  
range o f  ages f o r  the  lower gastropod samples i n  t h e  core. Small increases 
o r  decreases i n  t h e  temperature est imates w i l l  produce l a r g e  age d i f f e rences .  
An a d d i t i o n a l  problem i s  t h a t  about one - th i r d  o f  analyzed samples are appar- 
e n t l y  reworked from o l d e r  sediments. Despi te  these u n c e r t a i n t i e s  analyses of 
V a l l o n i a  and P is id ium suggest t h e  6.7 l e v e l  i n  co re  1 i s  a t  l e a s t  40 Ka and 
t h e - m  l e m e a s t  50 Ka, most l i k e l y  60 t o  80 Ka. Our temperature 
est imates i n d i c a t e  t h e  base o f  t h e  core  i s  ve ry  u n l i k e l y  t o  be o l de r  than 
120 Ka. 

While t h e r e  i s  u n c e r t a i n t y  i n  these age est imates, t hey  do no t  c o n t r a d i c t  
what l i t t l e  i s  known about l a t e  P le is tocene c l i m a t e  i n  t h e  reg ion .  The t h i c k  
g rave l  s e c t i o n  i n  t h e  middle o f  co re  1 may represent  h igher  discharge i n  
I nd ian  Creek du r i ng  "Pinedale" (ca. 15 t o  40 Ka) deg lac ia t i on .  The lower 
f i ne -g ra ined  i n t e r v a l  probably  represents  p a r t  o f  t h e  t ime  between t h i s  
"Pinedale" event and t h e  e a r l i e s t  P inedale (60 t o  70 Ka) o r  B u l l  Lake (ca. 
140 Ka) events o f  Coleman and P ie rce  (1981). If so, t h e  g rave ls  i n  t h e  base 
o f  t h e  core  cou ld  have been deposi ted du r i ng  e a r l i e s t  P inedale o r  B u l l  Lake 
degl  ac i  a t ion .  

5.3.2.4 Estimated minimum s l i p  r a t e s  

Using t h e  ahove age est imates f o r  va r ious  l e v e l s  i n  t h e  cores, a  range 
o f  maximum s l i p  r a t e s  across t h e  f a u l t  can be ca l cu la ted .  A t  l e a s t  8  m of 
sediment has been d isp laced  below t h e  depth o f  bedrock i n  t h e  channel i n  t h e  
upthrown b lock.  Th is  i s  a  minimum th ickness  es t imate  because we do no t  know 
t h e  r a t e  o f  e ros ion  o f  t h e  bedrock channel. Using our age est imates, t h e  
sediment i n t e r v a l  between our est imated ages was deposi ted i n  a  t o t a l  o f  40 
t o  110 Ka g i v i n g  a  maximum s l i p  r a t e  o f  0.07 t o  0.2 mmlyr. Because t h e  age 
o f  t h e  basal  a l luv ium i n  t h e  channel i s  l e s s  c e r t a i n  and we do no t  have 
est imates o f  channel e ros ion  ra tes ,  minimum s l i p  r a t e s  cannot be ca lcu la ted .  

F a u l t  A c t i v i t y  Summary 

I n v e s t i g a t i o n s  n o r t h  o f  St rawberry  Reservo i r  along t h e  Strawberry f a u l t  
suggest a  repeated h i s t o r y  o f  f a u l t  events o f  1 t o  3  m s t r a t i g r a p h i c  d isp lace-  
ment on i n d i v i d u a l  f a u l t  breaks and 0.4- t o  3.6-m ne t  v e r t i c a l  t e c t o n i c  
displacement across t h e  whole f a u l t  zone over  a t  l e a s t  t h e  l a s t  15 t o  30 Ka. 
A t  l e a s t  one and p o s s i b l y  two sur face  displacement events occurred du r i ng  t h e  
Holocene, t h e  l a r g e r  occu r r i ng  about 3  Ka. Th is  shows recurrence r a t e s  on 
earthquakes l a r g e  enough t o  produce 0.4- t o  3.6-m n e t  t e c t o n i c  displacements 
are i n  t h e  range o f  1.5 t o  10 Ka, most p robab ly  about 5  Ka. 

F a u l t  s l i p  r a t e s  c a l c u l a t e d  f rom est imated t e c t o n i c  displacement ( t a b l e  5.4) 
across t h e  Strawberry f a u l t  zone are 0.14 t o  0.4 mm/yr, h igher  than t h e  
longer  term r a t e s  o f  0.2 t o  0.07 mm/y r  c a l c u l a t e d  f rom Ind ian  Creek core 
da ta  ( f i g .  5.8). Thus, t h e  St rawberry  f a u l t  has s l i pped  du r i ng  t he  Holocene, 



b u t  i t s  apparent l a t e  Quaternary s l i p  r a t e  i s  p robab ly  almost an o rder  o f  
magnitude l e s s  than t h a t  o f  t h e  Wasatch f a u l t .  

The s t r u c t u r a l  and scarp phys iographic  s i m i l a r i t i e s  o f  t h e  Strawberry and 
S t i n k i n g  Springs f a u l t s  suggest s i m i l a r  s l i p  r a t e s  on bo th  f a u l t s .  R e l a t i v e l y  
recen t  movement on bo th  f a u l t s  i s  a l so  suggested by  t h e  impounded drainages 
on t h e  upstream b locks  o f  bo th  f a u l t s  (sec. 4.4.2.3). 



6. MAXIMUM CREDIBLE EARTHQUAKES AND RECURRENCE INTERVALS 

6.1  Reaional S e i s m i c i t v  Considerat ions 

The occurrence o f  earthquakes i n  t h e  mountains and back v a l l e y s  east o f  
t h e  Wasatch f a u l t ,  as represented i n  t h e  h i s t o r i c  record  ( e s p e c i a l l y  post -  
October 1974), can bes t  be descr ibed as s p a t i a l l y  d i f f u s e  b u t  l o c a l l y  
in tense.  With t h e  poss ib l e  except ion o f  t h e  East Cache f a u l t  (Doser and 
Smith, 1982), no conc lus ive  assoc ia t i on  between s e i s m i c i t y  and mapped f a u l t -  
i n g  i s  poss ib l e  w i t h  t h e  p r e s e n t l y  a v a i l a b l e  data. The h i s t o r i c  record, 
t he re fo re ,  i s  o f  l i t t l e  use i n  es t ima t i ng  t h e  MCE appropr ia te  f o r  s p e c i f i c  
seismogenic s t r uc tu res .  The a v a i l a b l e  data, however, do p rov ide  an upper 
l i m i t  f o r  t h e  MCE o f  f a u l t s  n o t  expressed a t  t h e  surface. 

The o n l y  earthquake t o  have produced sur face  f a u l t i n g  i n  Utah du r i ng  h i s t o r i c  
t imes was t h e  1934 magnitude 6.6 Hansel Va l l ey  event which was accompanied by  
0.5 m of o f f se t .  Seven o the r  earthquakes of magnitude g rea te r  than o r  equal 
t o  6.0 b u t  l ess  than 6.6 have occurred i n  Utah w i thou t  producing sur face 
rup tu re .  Th is  suggests t h e  magnitude t h resho ld  f o r  sur face displacement i n  
Utah i s  i n  t h e  range M = 6.0 t o  M = 6.5. Because t h e  S t i n k i n g  Springs f a u l t  
i s  considered capable o f  genera t ing  a magnitude 6.5 earthquake ( sec t i on  6.4.3) 
a t  t h e  damsite, no f u r t h e r  cons ide ra t i on  o f  MCE's on s t r u c t u r e s  w i thou t  
surface expression i s  needed. 

6.2 Empi r i ca l  Earthquake Magnitude-Fault Parameter Re la t ionsh ips  

Because o f  t he  inadequacy o f  t h e  h i s t o r i c  record  i n  most areas o f  t h e  world, 
de te rmina t ion  o f  MCE's requ i res  est imates of t h e  magnitude o f  pa leoear th-  
quakes du r i ng  t h e  l a t e  Quaternary (Wallace, 1981). I n  areas o f  l a t e  Cenozoic 
f a u l t i n g ,  emp i r i ca l  s tud ies  o f  t h e  r e l a t i o n s h i p  between earthquake magnitude 
and f a u l t  sur face r u p t u r e  l eng th  (Tocher, 1958; Bon i l  l a  and Buchanan, 1970; 
Mark and Boni 11 a, 1977; Slemmons, 1977), maximum f a u l t  displacement (Boni 11 a 
and Buchanan, 1970; Slemmons, 1977), va r i ous  combinations of these parameters 
(Slemmons, 1977), f a u l t  r u p t u r e  area (Wyss, 1979; Singh and others ,  1980), 
and seismic moment (Kanamori and Anderson, 1975; Doser and Smith, 1982) 
p rov ide  t h e  p r i n c i p a l  means o f  es t ima t i ng  paleoearthquake magnitude. The 
cons iderab le  s c a t t e r  i n  p l o t s  o f  magnitude versus these parameters i s  due t o  
a  smal l  s t a t i s t i c a l  sample and t h e  v a r i a b l e  q u a l i t y  of f i e l d  s tud ies  and 
magnitude determinat  ions  (Slemmons, 1977). However, earthquake f o c a l  mechanism 
s tud ies  ( f o r  example, Wyss and Brune, 1968; Chinnery, 1969) tend t o  support  
these emp i r i ca l  p l o t s .  S ing le  standard dev ia t i ons  i n  t h e  regress ions o f  
these da ta  r e s u l t  i n  about +0.3 M (Slemmons, 1977; Wyss, 1979; Singh and 
others ,  1980), b u t  because <f t h e  d i f f i c u l t y  i n  accura te ly  measuring f i e l d  
parameters, magnitude est imates de r i ved  f rom these regress ions can a t  bes t  be 
r e l i a b l e  t o  0.5 magnitude. Furthermore, these emp i r i ca l  p l o t s  y i e l d  "most 
l i k e l y "  magnitude est imates, no t  maximum magnitudes. 

6.2.1 F a u l t  Rupture Lenqth 

Es t imat ing  t h e  l eng th  o f  pas t  su r face  rup tu res  on f a u l t s  i s  d i f f i c u l t  
(Slemmons, 1977). Swan and o the rs  (1980) suggest t h a t  t h e  370-km-long 
Wasatch f a u l t  zone i s  composed o f  6  t o  10 f a u l t  segments each ranging i n  
l e n g t h  from 30 t o  60 km. I n d i v i d u a l  segments behave s i m i l a r l y ,  bu t  somewhat 
independent ly  o f  one another. 



The two o the r  f a u l t s  o f  concern i n  t h e  S o l d i e r  Creek area are t h e  Strawberry 
f a u l t  ( s e c t i o n  5.3) and t h e  S t i n k i n g  Springs f a u l t  ( s e c t i o n  5.2). The mapped 
l e n g t h  o f  t h e  Strawberry f a u l t  zone i s  35 km ( p l  . 2) al though s u b t l e  photo- 
l ineaments near t h e  southern end o f  t h e  f a u l t  suggest sp lays o f f  t h e  main 
f a u l t  cou ld  extend i t s  l eng th  t o  39 km. S i m i l a r l y ,  our  photol ineament 
mapping suggests t he  S t i n k i n g  Springs f a u l t  zone i s  about 30 km long, bu t  
t h e  compi la t ion  o f  Stokes and Madsen (1961) and 1 andsat imagery (Peterson and 
others ,  1982) i n d i c a t e s  i t  may extend f a r t h e r  t o  t h e  south f o r  a t o t a l  o f  
46 km. However, i n  n e i t h e r  case does t h e  prominent topographic scarp o f  each 
f a u l t  extend as f a r  as t h e  mapped t r a c e  o f  t h e  f a u l t .  We f e e l  t h e  leng th  o f  
t h e  prominent topographic scarps o f  t h e  f a u l t  zones g ives a much b e t t e r  
es t imate  o f  repeated past  sur face r u p t u r e  leng ths  on t h e  f a u l t s  and, hence, a 
b e t t e r  est imate o f  f u t u r e  r u p t u r e  leng ths  and earthquake source leng ths  
( B o n i l l a ,  1979; Wyss, 1979) than does t h e  t o t a l  mapped leng th .  The l eng th  o f  
t h e  two prominent topographic scarps o f  t h e  St rawberry  and S t i n k i n g  Springs 
f a u l t  zones are 28 and 11 km, r e s p e c t i v e l y  ( t a b l e  6.1). 

6.2.2 Fau l t  Displacements 

Swan and o thers  (1980) and Hanson and o the rs  (1981) used t h e  s t r a t i g r a p h i c  
r e l a t i o n s h i p s  i n  t renches across t r aces  o f  t h e  Wasatch f a u l t  t o  est imate 
n e t  t e c t o n i c  displacements o f  0.8 t o  3.7 m du r i ng  f a u l t  events o f  t h e  past  
13 Ka ( t a b l e  6.2). Estimated s t r a t i g r a p h i c  o f f s e t s  o f  u n i t s  i n  these trenches 
t h a t  i nc l ude  t h e  e f f e c t s  o f  b a c k t i l t i n g  and graben fo rmat ion  are approximately 
double these values. I n  our t renches across t h e  f a u l t s  on t he  a l l u v i a l  fans 
downthrown t o  t h e  Strawberry f a u l t ,  es t imated s t r a t i g r a p h i c  displacements per  
event ranged from 0.2 t o  3.2 m, b u t  ne t  v e r t i c a l  t e c t o n i c  displacements were 
much l e s s  (0.1 t o  1.8 m) due t o  b a c k t i l t i n g  and graben format ion ( t a b l e s  5.4 
and 6.2). 

No da ta  are a v a i l a b l e  on l a t e  Quaternary displacements on t h e  S t i n k i n g  
Springs f a u l t .  

6.3 Fau l t  Recurrence 

6.3.1 Scarp Physiographic Expression 

The topographic expression, wide areas o f  Holocene stream a l luv ium downthrown 
t o  t h e  f a u l t s ,  and c o n t i n u i t y  o f  t h e  scarps o f  t h e  Strawberry and S t i n k i n g  
Springs f a u l t s  i n d i c a t e  t hey  have experienced repeated displacements du r i ng  
Quaternary t ime. The stepped topography o f  t he  bedrock spur on t h e  
south s i de  o f  I nd ian  Creek where i t  crosses t he  Strawberry f a u l t  ( f i g .  4.2) 
i s  suggest ive o f  per iods o f  u p l i f t  and quiescence on t he  f a u l t  s i m i l a r  t o  
those i d e n t i f i e d  by Hamblin (1976) (sec. 2.4.1) on t h e  Wasatch f a u l t .  
Although t he  leng th  o f  t he  prominent S t i n k i n g  Springs f a u l t  scarp i s  much 
l e s s  than t h a t  o f  t h e  St rawberry  f a u l t ,  bo th  are morpho log ica l l y  ve ry  
s i m i l a r .  The drainage bas in  o f  S o l d i e r  Creek, which f l ows  south along t h e  
S t i n k i n g  Springs f a u l t  scarp, i s  too  smal l  t o  have prov ided t he  f lows needed 
t o  s i g n i f i c a n t l y  increase t h e  he igh t  o f  t h e  scarp du r i ng  t h e  Quaternary.  
Th is  suggests t o t a l  Quaternary displacement i s  s i m i l a r  f o r  both f au l t s ,  
b u t  i f  so, e i t h e r  t h e  emp i r i ca l  f a u l t  l eng th  and displacement r e l a t i o n s  of 
Slemmons (1977) do no t  ho ld  f o r  t h e  S t i n k i n g  Springs f a u l t  (1 -  t o  3-m sur face 
displacement events on an 11-km f a u l t ) ,  o r  t h e  recurrence of small sur face 



Table 6.1. - Typical scarp p a r m e t e r s ,  recurrence in te rva l s .  and s l i p  r a t e s  f o r  f a u l t s  of concern t o  Soldier  Creek Om 

Fault  
Fau l t  scarp p a r w t e r s  

Wadi en t  Average recurrence S l ip  r a t e  
Tooographi c in te rva l  f o r  surf  ace 

Height (m) m u .  m a n  length (km) L/ f a u l t i n g  events  ( y e a r s )  L/ ( m / ~  

Wasatch 

Kaysvi 1 l e  segmrnt 1372 
1098 
1281 
854 

Hobble Creek s q m n t  1471 

L i t t l e  Cottonwood segment 1379 

brth Creek s-nt 1425 
1866 
1403 

Strawberry 
732 
625 

St inking Springs 

1/ Wasatch f a u l t  da ta  from Swan and o thers  (1980) and Hanson and o thers  (1981); preferred values in parentheses. Z/ The la rger  he fgh t s  on t h e  Strawberry f a u l t  include the addit ional  height of f a u l t  scarps on splays e a s t  of the  main 
t r a c e  of the  northern p a r t  of t h e  f a u l t ;  over mst of t h e i r  topographical ly well-expressed lengths the  heights  of the  
Stranberry and St tnking Springs f a u l t  scarps a re  s imi la r .  



Table 6.2. - Estimates of paleoearthqu.1(c magnitude using f a u l t  length. O l s ~ l a c ~ n t .  wed. and ca lcu la ted  m w n t  da ta  on f a u l t s  o f  concern t o  Sold ier  Creek D a m  

F w l t  

Faul t  es t  listed paleoearthgu8te Estlrnated paleoearthquake magnitude using tab les  i n  Slemnons (1977) Fau l t  
~ p t u r e  plane l/ Avq.  ver t .  f a u l t  d i s ~ l a c ~ n t  ( m l  mdqnltudeS (H) 2 Morldride data North h r i c a n  da ta  k r a a l  f a u l t  o r t a  

length (t3) .ICJ~~ (km) r t r a t i g r a p h l c  ( D ~ )  N V T D  (DN) 21 s(102brd~ne-cm) H l og  D~ log (2  I D N ) ~ /  log L 109 ~ 0 s  log 109 A 21 log Ds log (2  x DM) 4/ 109 L log  l o s  109 L D ~ Z  l og  Ds log ( 2  I 0,) 109 L 109 LDs 109 L D ~ ~  

71 30-60 12 3.7-7.3 - (3.3-53.7 3.9-8.8 7.1-7.3 7.4-7.8 9 . 7 - G . 8  6.9-7.3 7.2-7.6 7.3-7.6 6.9-7.2 7.3-7.6 9 . 6 - 9 . 6  6.6-7.0 7.0-7.5 7.2-7.5 7.4-7.7 9 - 7 - 5 7 - 7  7.0-7.3 7.2-7.5 7.2-7.5 K rysv i l  l e  5 e g l ~ n t  - 
M-60 12 1.6-5.6 0.8-2.8 0.9-6.7 6.7-7.2 7.0-7.6 7.0-7.6 6.9-7.3 6.9-7.5 7.0-2.5 6.9-7.2 6.9-7.5 6.9-7.5 6.6-7.0 6.8-7.4 6.9-7.4 7.0-7.6 mab le  Creek segment 7.0-7.6 7.0-7.3 7.0-7.5 7.0-7.4 

30-60 12 4.3-5.5 1.3-2.0 1.5-4.8 7.4-7.6 6.7-7.1 7.5-7.7 7.2-7.5 6.9-7.3 7.2-7.5 7.3-7.6 6.9-7.2 7.2-7.3 6.6-7.0 7.1-7.4 7.2-7.5 7.5-7.7 ~ l t t l e  Cotton-ood segment 7.3-7.5 7.0-7.3 7.3-7.5 7.3-7.5 

k r t h  Creek segment 24 12 4.0-6.0 2.2-3.8 2.1-3.6 6.9-7.0 7.5-7.7 7.5-7.8 6.8 7.1-7.2 7.2-7.4 6.7-6.8 7.3-7.5 7.4-7.6 6.4 7.0-7.1 7.2-7.3 7.5-7.6 7.5-7.8 6.9 7.2-7-3 7.2-7.3 

S t r r m c r r y  28 12 6.9 6.7-6.8 6.5 7.0 

Co-op Creek t rench 1 

b-op Creek trench 2 

1/ Estimated by assuming 60' d i p  on Uasatch f a u l t  m d  maximum depth o f  f a u l t i n g  o f  10 km (Doser m d  Smith. 1982) and fron cross sections i n  
TI net v e r t i c a l  tec ton ic  displacement per event across f a u l t  zone as discussed by Swan and others (1980). 
31 Using equation 16 m d  f i g u r e  8 i n  Doser and Smith (1982) and f i g u r e  4 i n  Kanmmri and Anderson (1975). 
T/ k u a l e  tb net v e r t i c a l  t ec ton i c  displacement i s  the suggested value f o r  use w i t h  tab les  o f  Sl-ns (1977) 6y S.an and others  (1980). 
T/ Metnod o f  Yyss (1979). Singh and others (1980) (A - length  x wid th  o f  f a u l t  plane). 
TI Data fra Swan and others (1980) and Hanson and others (1981). 
71 Dash Ind ica tes  a range o f  values. 
81 Disp lacaen t  I s  probably t h e  r e s u l t  o f  two separate f a u l t  events ( t a b l e  5.5). 
?/ Cross sect ions i n  Van Arsdale (1979a. p l .  1 )  suggest the  S t ink ing  Springs f au l t  becomes l i s t r i c  a t  a shallower depth thm t he  Strawberry 

Van Arsdrle (1979a. ~ 1 .  1) w i th  l i m i t a t i o n s  

f au l t .  

(5< width <20 and width <2/3 length) .  

Table 6 . 2  
Estimates of 
paleoearthquake magnitude 



displacement events on t h e  S t i n k i n g  Springs f a u l t  i s  h igher  than t h e  est imated 
recurrence f o r  l a r g e r  events on t h e  St rawberry  f a u l t .  Thus, whether l a t e s t  
Quaternary recurrence r a t e s  o f  displacement events on bo th  f a u l t s  were 
s i m i l a r  i s  uncer ta in .  Although t he  S t i n k i n g  Springs f a u l t  
appears anomalous, n e i t h e r  f a u l t  shows n e a r l y  t h e  c o n t i n u i t y  and physiographic 
expression o f  t h e  Wasatch f a u l t  (compare scarp he igh ts  and gradients ,  t a b l e  
6.1) i n d i c a t i n g  t h a t  a t  l e a s t  t h e  long-term Quaternary recurrence o f  events 
l a r g e  enough t o  produce sur face  rup tu res  was much l e s s  frequent on these 
f a u l t s  than on t h e  Wasatch f a u l t .  

6.3.2 F a u l t  S l i p  Rates 

Calcu la ted s l i p  r a t e s  ( t a b l e  6.1) p rov ide  a f u r t h e r  measure o f  t h e  l a t e  
Quaternary movement h i s t o r y  o f  t h e  sub jec t  f a u l t s .  The Wasatch f a u l t  appears 
t o  have a s l i p  r a t e  2 t o  40 t imes t h a t  o f  t h e  St rawberry  f a u l t .  No l a t e  
Quaternary da ta  are a v a i l a b l e  f o r  t h e  S t i n k i n g  Springs f a u l t ,  b u t  geophysical 
da ta  (Van Arsdale, 1979a) suggest t o t a l  displacement on t h e  Strawberry f a u l t  
i s  25 t imes t h a t  on t h e  S t i n k i n g  Springs f a u l t .  However, t h i s  seismic l i n e  
was run  across t h e  f a u l t s  near U.S. Highway No. 40 where t he  scarp o f  t h e  
S t i n k i n g  Springs f a u l t  i s  o n l y  10 t o  20 m high. From t h e  topography o f  t h e  
f a u l t  scarp i t  appears t h a t  displacement on t he  f a u l t  increases r a p i d l y  south 
o f  t h e  highway t o  a t  l e a s t  250 m i n  t h e  v i c i n i t y  o f  So ld i e r  Creek Dam. Thus, 
t o t a l  maximum displacement on t h e  St rawberry  f a u l t  i s  probably  a t  most 3 t o  
4 t imes t h a t  on t h e  S t i n k i n g  Springs f a u l t .  However, t h e  s i m i l a r  morphology 
and he igh ts  o f  bo th  f a u l t  scarps suggest s i m i l a r  Quaternary t o t a l  d isp lace-  
ments and s l i p  ra tes .  If t h i s  i s  t h e  case, t h e  S t i n k i n g  Springs f a u l t  has 
apparent ly  experienced more displacement du r i ng  t h i s  per iod.  Using t h e  
c l a s s i f i c a t i o n  o f  Matsuda (1975; i n  Slemmons, 1977, p. 15), the  Wasatch f a u l t  
would have a h i gh  a c t i v i t y  r a t e  ( 1  t o  10 mmlyr) w h i l e  t h e  Strawberry and 
presumably t h e  S t i n k i n g  Springs f a u l t s  would have a moderate a c t i v i t y  r a t e  
(0.1 t o  1 mmlyr). 

6.3.3 Estimated Recurrence I n t e r v a l s  

Swan and o thers  (1980) and Hanson and o the rs  (1981) have ca l cu la ted  recurrence 
i n t e r v a l s  o f  450 t o  5,200 years f o r  sur face f a u l t i n g  events on s tud ied  
segments o f  t h e  Wasatch f a u l t  ( t a b l e  6.1). "If t h e  recurrence i n t e r v a l s  on 
these segments o f  t h e  Wasatch f a u l t  zone are t y p i c a l  o f  t h e  o ther  segments o f  
t h e  zone, t h e  recurrence i n t e r v a l  o f  moderate t o  l a r g e  magnitude earthquakes 
f o r  t h e  e n t i r e  Wasatch f a u l t  zone may be 50 t o  430 y r . "  (Swan and others ,  
1980). 

L im i t ed  da ta  from t h e  Co-op Creek trenches (sec. 5.3) suggest recurrence 
i n t e r v a l s  f o r  sur face f a u l t i n g  events are i n  t h e  range o f  1.5 t o  10 Ka. 
Our best  est imate i s  about 5 Ka. However, est imated s l i p  r a t e s  f o r  t h e  
Strawberry f a u l t  zone n o r t h  o f  St rawberry  Reservo i r  are tw i ce  t he  maximum 
longer  term r a t e s  ca l cu la ted  f rom da ta  south o f  t h e  r e s e r v o i r .  This suggests 
our est imates o f  t h e  age o f  t h e  t rench  sediments n o r t h  o f  t he  r e s e r v o i r  may 
be t oo  young; i f  so, recurrence i n t e r v a l s  would be longer .  A second poss i -  
b i l i t y  i s  t h a t  displacements revealed by our  exp lo ra to r y  t rench ing  are 
rep resen ta t i ve  o f  t o t a l  d i  sp l  acement across t h e  f a u l t  zone dur ing  s i n g l e  
events. Unfor tunate ly ,  t he  accuracy o f  our  da ta  does no t  a l low r e s o l u t i o n  o f  
these unce r ta i n t i es .  



Because our da ta  do no t  permi t  meaningful  d i r e c t ' e s t i m a t e s  o f  recurrence 
i n t e r v a l s  on t h e  S t i n k i n g  Spr ings f a u l t ,  we assume t h a t  event recurrence has 
p robab ly  been s i m i l a r  t o  t h a t  on t h e  St rawberry  f a u l t .  

6.4 Recommended Maximum Cred ib le  Earthquakes 

6.4.1 Wasatch F a u l t  

The d e t a i l e d  s tud ies  summarized by  Swan and o the rs  (1980; 1981) and Hanson 
and o thers  (1981) have demonstrated t h a t  t h e r e  have been recu r ren t  earthquakes 
i n  t h e  magnitude range M = 6.5 t o  7.5 on t h e  Wasatch f a u l t  dur ing  t h e  
Holocene ( t h e  l a s t  10 Ka) . Various MCE's have been proposed f o r  t h e  Wasatch 
f a u l t  i n c l u d i n g  M = 7.75 i n  Thenhaus and Wentworth (1981) and M = 8 i n  
Woodward-Clyde Consultants (1981). These est imates presumably r e f  1 e c t  t h e  
p r a c t i c e  o f  adding one-quarter t o  one-hal f  a magnitude t o  documented events 
occu r r i ng  on a f a u l t  t o  determine t h e  MCE. While we agree w i t h  t h i s  p r a c t i c e  
i n  many instances, we f ee l  i t  i s  no t  warranted i n  t h e  case o f  t he  Wasatch 
f a u l t ,  because a s u f f i c i e n t  measure o f  conservat ism has a l ready been i n c o r -  
porated i n  est imates o f  t h e  Holocene sur face displacement t h a t  subsequently 
l e d  t o  t h e  conc lus ion t h a t  magnitude 6.5 t o  7.5 earthquakes have repea ted ly  
occurred on t h e  f a u l t .  

Est imated magnitudes f o r  paleoearthquakes on t h e  Wasatch f a u l t  us ing  t h e  
displacement da ta  summarized i n  Hanson and o thers  (1981) y i e l d  values o f  
6.9 t o  7.8 us ing  t he  emp i r i ca l  t a b l e s  i n  Slemmons (1977) ( t a b l e  6.2). Use 
o f  t h e  t h ree  app l i cab le  da ta  se ts  and t h e  methods o f  Wyss (1979) and Singh 
and o thers  (1980) y i e l d  ve ry  s im i  1 a r  values as do magni tude-moment r e1  a t i on -  
sh ips  (Doser and Smith, 1982) ( t a b l e  6.2). Swan and o thers  (1980) discuss 
displacement mos t l y  i n  terms o f  ne t  v e r t i c a l  t e c t o n i c  displacement across t he  
f a u l t  zone, b u t  Slemmons (1977, p. 88) s ta tes  t h a t  t h e  displacement da ta  used 
t o  develop t he  normal s l i p  curve are t he  'I* * * maximum r e s u l t a n t  d isp lace-  
ments, which i nc l ude  bo th  f a u l t  s l i p  and d i s t o r t i o n . "  Graben development 
and b a c k t i l t i n g  along t h e  Wasatch f a u l t  make s t r a t i g r a p h i c  displacements 
about double ne t  v e r t i c a l  t e c t o n i c  displacements (Swan and others,  1980) ; 
thus, e i t h e r  va lue g ives  s im i  1 a r  magnitudes ( t a b l e  6.2). However, t h e  
maximum displacement values 1 i s t e d  by Hanson and o thers  (1981) are maximum 
poss ib l e  values based on t rench  s t r a t i g r a p h i c  r e l a t i o n s h i p s .  Average 
values are lower ( g i v i n g  magnitudes o f  7.0 t o  7.5) and add i t i ona l  unrecog- 
n i zed  displacement events would f u r t h e r  reduce these displacements and t h e  
paleoearthquake magnitudes ca l cu la ted  from them. Furthermore, wh i l e  t h e  
l eng th  o f  t ime represented by  t h e  preserved s t r a t i g r a p h i c  record along t h e  
Wasatch Front  i s  l e s s  than 15 Ka, t h e  est imated recurrence i n t e r v a l s  f o r  
l a r g e  magnitude events ( t a b l e  6.1) i n d i c a t e  t h e  preserved s t r a t i g r a p h i c  
records span a t  l e a s t  t h ree  seismic cyc les .  No record  o f  events c l e a r l y  
l a r g e r  than M = 7.5 du r i ng  t h i s  pe r i od  has been found. Therefore, we f e e l  an 
M = 7.5 earthquake i s  t h e  maximum c r e d i b l e  event on t h e  Wasatch f a u l t .  

6.4.2 Strawberry F a u l t  

Displacement da ta  are much more l i m i t e d  f o r  t h e  Strawberry f a u l t .  Using 
t h e  methods out1 ined above, pa l  eoearthquake magnitudes range from 5.9 
t o  7.4 ( t a b l e  6.2). However, t h e  l a r g e s t  displacements used are maximum 
values der ived from t h e  most ambiguous s t r a t i g r a p h i c  r e l a t i o n s h i p s  i n  t h e  



trenches, and, i f  our c o r r e l a t i o n s  are co r rec t  ( t a b l e  5.4), the  3.2-m displace-  
ment i n  t rench 2 i s  probably the  product o f  two events. Average trench 
displacements y i e l d  event est imates o f  M < 7.0 us ing e i t h e r  displacement- 
magnitude o r  moment-magnitude methods and even adding a 0.5-M uncer ta in ty  t o  
average values does not  r e s u l t  i n  magnitudes s i g n i f i c a n t l y  above M = 7.0. 

Fau l t  rup ture  length-magnitude and area-magnitude re la t i onsh ips  also suggest 
M = 7.0 i s  an appropr iate magnitude f o r  t he  MCE ( t a b l e  6.2), even i f  the  
e n t i r e  topographic scarp length  (28 km) o f  t he  Strawberry f a u l t  ruptures i n  a 
s i n g l e  event. F ina l l y ,  t he  order o f  magnitude lower s l i p  r a t e  on the  Strawberry 
f a u l t  than on the  Wasatch f a u l t  argues f o r  lower magnitude earthquakes o r  a t  
l e a s t  much longer recurrence i n t e r v a l s .  For these reasons, M = 7.0 i s  a 
conservat ive MCE f o r  t he  Strawberry f a u l t .  

6.4.3 St ink ing  Springs Fau l t  

The anomalously h igh scarp on the  S t i nk ing  Springs f a u l t  r e l a t i v e  t o  the  
11 km length  o f  t he  topograph ica l l y  prominent p o r t i o n  o f  the  f a u l t  has been 
discussed above (sect ions 6.3.1 and 6.3.2). 

No displacement data are ava i l ab le  f o r  the  S t i nk ing  Springs f a u l t ,  but  f a u l t  
r up tu re  length-magnitude re la t i onsh ips  using an 11-km length  suggest M = 6.5 
i s  the  maximum c r e d i b l e  event. We have found no geomorphic evidence t h a t  
longer segments o f  the  f a u l t  have ruptured dur ing  the  l a t e  Quaternary; i n  
f ac t ,  the  cen t ra l  h ighest  topographic p a r t  o f  the  f a u l t  scarp ( f i g .  4.1) i s  
o n l y  8 km long. Fau l t  area-magnitude re la t i onsh ips  suggest an even lower 
6.1 magnitude event assuming t h e  geometry o f  t he  f a u l t  i s  s i m i l a r  t o  t h a t  
suggested by Van Arsdale (1979a, h i s  p l .  1). However, the  magnitude th res-  
ho ld  f o r  surface f a u l t i n g  i n  the  Intermountain Seismic B e l t  appears t o  be 
M = 6.0 - 6.5 and t h e  presence o f  t he  S t i nk ing  Springs f a u l t  scarp, therefore,  
suggests repeated events i n  t he  M = 6.5 range. 



7. CONCLUSIONS 

7.1 Design Earthquakes f o r  So ld i e r  Creek Dam 

Table 7.1 l i s t s  t he  R i c h t e r  magnitudes and hypocentra l  parameters o f  t he  
des ign earthquakes f o r  those se ismic sources capable o f  generat ing earthquakes 
hazardous t o  S o l d i e r  Creek Dam. Focal depths f o r  t h e  Strawberry and S t i n k i n g  
Springs f a u l t s  are est imated from Van Arsdale (1979a, h i s  p l .  1) .  The 
r a t i o n a l e  used t o  assign t h e  f o l l o w i n g  MCE's was discussed i n  sec t i on  6.0. 
The magnitudes o f  t h e  25- and 100-year earthquakes were est imated from 
t h e  magnitude versus frequency o f  occurence curves shown i n  f i g u r e  7.1. 

Table 7.1. - Design earthquakes f o r  S o l d i e r  Creek Dam 

Seismogenic MCE 100-year 25-year Ep icen t ra l  Focal 
s t r u c t u r e  (ML) ( ML (ML) d is tance  (km) depth (km) 

Wasatch f a u l t  

Strawberry f a u l t  7.0 5.2 4.3 8 

S t i n k i n g  Springs 6.5 5.2 4.3 0 
f a u l t  

The s lope o f  t he  curves shown i n  f i g u r e  7.1, 0.72, i s  t h e  b va lue der i ved  
f rom t h e  h i s t o r i c  s e i s m i c i t y  record  f o r  t h e  Wasatch Front  a r e a  (sec. 3.5). 
The v e r t i c a l  ax i s  i n te r cep t s ,  t h e  a values, which are re f l ec ted  i n  t h e  
r e l a t i v e  p o s i t i o n  o f  each curve, were computed us ing recurrence est imates 
der i ved  from t h e  p r e v i o u s l y  mentioned t r ench  da ta  f o r  t h e  Wasatch and Straw- 
b e r r y  f a u l t s  (sec. 5.3.1). 

The recurrence curve f o r  t h e  Wasatch f a u l t  assumes an average r e t u r n  pe r i od  
o f  1,500 years f o r  a magnitude 7.5 earthquake on any i n d i v i d u a l  segment. The 
curve f o r  t h e  Strawberry f a u l t  assumes a r e t u r n  pe r i od  o f  2,200 years f o r  a 
magnitude 7.0 earthquake on t h a t  f a u l t .  Though t h e  t rench  data suggest t h a t  
5 Ka i s  t he  most probable r e t u r n  pe r i od  f o r  sur face f a u l t i n g  events on t h e  
Strawberry f a u l t ,  de r i ved  est imates o f  t h e  range o f  poss ib le  values inc ludes 
r e t u r n  per iods as shor t  as 1.5 Ka. Consider ing t h a t  t h e  Wasatch f a u l t ,  
w i t h  i t s  much more pronounced geomorphic expression, i s  be l ieved  t o  exper- 
ience major sur face f a u l t i n g  events every 1.5 Ka, i t  i s  u n l i k e l y  t h a t  t h e  
Strawberry f a u l t  has such a h i gh  recurrence r a t e .  Because our  da ta  do no t  
a l l ow  b e t t e r  d e f i n i t i o n  o f  t h e  expected earthquake a c t i v i t y  on t h e  Strawberry 
f a u l t ,  a conservat ive est imate o f  2,200 years f o r  t h e  magnitude 7.0 MCE was 
used t o  f i x  t h e  l e v e l  o f  t h e  St rawberry  f a u l t  recurrence curve. Th is  r e s u l t s  
i n  reasonable est imates o f  4.3 and 5.2 f o r  t h e  magnitude o f  the  25- and 
100-year earthquakes. Because no data e x i s t  f rom which t o  est imate t h e  
recurrence o f  sur face f a u l t i n g  events on t h e  S t i n k i n g  Springs f a u l t ,  t h e  
curve f o r  t h e  Strawberry f a u l t  i s  used t o  est imate t h e  r e t u r n  pe r i od  of 
earthquakes up t o  magnitude 6.5 on t he  S t i n k i n g  Springs f a u l t .  
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gure 7.1.  Earthquake magnitude versus frequency of occurrence 
relationships for the Wasatch fault  and the Strawberry and 
Stinking Springs faul-ts. 



, Su r f  ace F a u l t  i n s  

Our a i r  photograph 1 i neament s tudy (sec. 5.1), general  geolog ic  mapping near 
t h e  dam, and prev ious engineer ing geology i n v e s t i g a t i o n s  (Murdock, 1948; 
Thompson, 1965; Randolph, 1974) d i d  n o t  r evea l  any f a u l t s  w i t h  s i g n i f i c a n t  
displacements extending under o r  t r e n d i n g  i n t o  S o l d i e r  Creek Dam. However, 
t h e  dam foundat ion, p a r t i c u l a r l y  t h e  r i g h t  abutment, i s  ex tens i ve l y  j o i n t e d  
(Thompson, 1965; Randolph, 1974), and i t  i s  probable t h a t  a l a r g e  magnitude 
earthquake on t h e  S t i n k i n g  Springs f a u l t  would produce some s h i f t i n g  of t h e  
foundat ion rock  along p r e e x i s t i n g  j o i n t s .  Fur ther  ana lys is  o f  t h i s  p o t e n t i a l  
hazard i s  beyond t h e  scope of t h i s  r e p o r t .  If an M = 6.5 earthquake occurred 
on t h e  S t i n k i n g  Springs f a u l t ,  Slemmons (1977) da ta  suggest about 1 m o f  
down-to-the-west displacement along t he  t r a c e  o f  t he  f a u l t  180 m west o f  t he  
dam. 

7.3 Reservoir- induced Se i sm ic i t y  

I n  o rder  f o r  induced s e i s m i c i t y  t o  occur, t h e  reg ion  must be under t e c t o n i c  
s t ress,  bu t  increased pore pressure i s  t h e  dominant f a c t o r  i n  s t i m u l a t i n g  
earthquake a c t i v i t y  (K iss1 inger ,  1976; Simpson and Negmatull aev, 1981). 
Focal mechanisms o f  small events are general l y  cons i s ten t  w i t h  r eg iona l  
t e c t o n i c s  and are, therefore,  d i f f i c u l t  t o  d i sc r im ina te .  Reservoir- induced 
s e i s m i c i t y  has been e m p i r i c a l l y  r e l a t e d  t o  r e s e r v o i r s  w i t h  t he  f o l l o w i n g  
general  c h a r a c t e r i s t i c s :  ( 1 )  a c t i v e  f a u l t s  i n  t h e  r e s e r v o i r ,  2)  water 
depth i n  excess o f  92 m, and (3 )  water volume i n  excess o f  1016 m3 
(Packard and others, 1977), a1 though induced earthquakes may have occurred 
near r e l a t i v e l y  small r e s e r v o i r s  (Toppozada and Cramer, 1978). Although 
induced s e i s m i c i t y  has been w e l l  documented f o r  a number o f  r ese rvo i r s ,  i t  
has no t  been observed f o r  t h e  g rea t  m a j o r i t y  of cases. 

The recent  a c t i v i t y  o f  t h e  St rawberry  f a u l t  shows t h e  f u t u r e  enlarged 
Strawberry Reservo i r  i s  i n  a r eg ion  exper ienc ing s i g n i f i c a n t  t e c t o n i c  
stresses. The enlarged r e s e r v o i r  w i  11 be f a i r l y  l a r g e  (109 m3), b u t  r e l a -  
t i v e l y  shal low ( 8 1  m deep). Using t h e  methods o f  Baecker and Keeney (1982) 
based on da ta  from e x i s t i n g  l a r g e  rese rvo i r s ,  t he  p r o b a b i l i t y  o f  t h e  enlarged 
Strawberry Reservo i r  induc ing  s e i s m i c i t y  i s  ( v e r y  rough ly )  about 1 percent .  
du r i ng  a severe earthquake" (Peck, 1981). Upstream o f  zone 1, a1 1 uvium and 
co l l uv i um beneath zone 2 might  slump t o  some extent ,  b u t  a l a rge  p o r t i o n  
would remain t o  b u t t r e s s  zone 1. Thus, l i q u e f a c t i o n  o f  foundat ion m a t e r i a l s  
i s  no t  considered a p o t e n t i a l  t h r e a t  t o  t he  s e c u r i t y  o f  the  dam (Peck, 
1981). 



7.4 Landsl id ing and Landslide-induced Water Waves 

No la rge  areas o f  lands l ides  apparent ly ac t i ve  dur ing the  Holocene adjacent 
t o  shore l ine  o f  the  fu tu re  enlarged Strawberry Reservoir  were i d e n t i f i e d  
dur ing  imagery studies or  aer i  a1 reconnaissance. The s l  i de  west o f  C l  arks 
Camp (SW1/4, sec. 29, T. 7 S., R. 11 W.), noted b y  Van Arsdale (1979a, 
p. 23), i s  the  on l y  area o f  any s i ze  (0.15 km2) t h a t  has apparent ly been 
subject  t o  geo log i ca l l y  recent mass movement. L imi ted slope i n s t a b i l i t y  and 
bank caving may occur as a r e s u l t  o f  sa tu ra t i on  and subsequent wave erosion 
along some steeper por t ions  o f  the  f u t u r e  rese rvo i r  shore where the propor t ion  
o f  shale i n  the bedrock i s  h igh  o r  where th i cke r ,  f ine-gra ined c o l l u v i a l  
deposi ts  have accumulated. 

The p o t e n t i a l  f o r  r o c k f a l l  along the  east shore o f  t he  present Strawberry 
Reservoir  and the  canyons o f  Strawberry River  and Indian Creek i s  low, and 
the  volume of rock would be small. A1 so, the  e x i s t i n g  Strawberry Reservoir 
w i l l  be increased i n  he igh t  on l y  13 m, making a c t i v a t i o n  o f  any la rge  new 
s l i d e s  u n l i k e l y .  For these reasons, l a n d s l i d i n g  and landsl ide- induced water 
waves should not pose a s i g n i f i c a n t  hazard t o  So ld ie r  Creek Dam. 

7.5 Reservoir Seiche 

"The amplitude o f  the  seiching motion induced i n  a body o f  water 
[by earthquake ground motions] i s  dependent upon the  amplitude o f  
the  long-period surface waves generated by the  earthquake and the  
s i m i l a r i t y  between the  per iod  o f  the  surface waves and the  na tura l  
periods o f  o s c i l l a t i o n  o f  the  body o f  water." (Houston, 1979.) 

Seiche due t o  ground motions w i l l  probably not  be a s i g n i f i c a n t  hazard i n  the  
f u t u r e  enlarged Strawberry Reservoir, bu t  a de ta i l ed  analys is  o f  t h i s  problem 
i s  beyond the  scope o f  t h i s  repo r t .  

Displacement on e i t h e r  the  Strawberry o r  S t i nk ing  Springs f a u l t s  would 
probably produce a more s i g n i f i c a n t  seiche hazard. An MCE of 7.0 on the  
Strawberry f a u l t  could produce about 2 m o f  down-to-the-west displacement, 
and an MCE o f  6.5 on the S t i nk ing  Springs f a u l t  could produce about 1 m o f  
down-to-the-west d i s p l  acement ( t a b l e  6.2; Slemmons, 1977). Thus, a d isp lace-  
ment on e i t h e r  f a u l t  would produce a r e l a t i v e  increase i n  the  height  o f  the  
dam t o  the  rese rvo i r .  Because our s t r u c t u r a l  i n t e r p r e t a t i o n  o f  both f a u l t s  
includes eastward t i l t i n g  o f  the  downthrown f a u l t  blocks, the  degree o f  
t i l t i n g  and net  v e r t i c a l  displacement would decrease t o  the  west away from 
the  dam. 

7.6 L iquefac t ion  

The o n l y  potent i a1 l y  1 i que f  i able mater i  a1 s (Marcuson and others, 1980) 
i d e n t i f i e d  a t  So ld ie r  Creek Dam dur ing  preconstruct ion inves t iga t ions  were 
sandy and g r a v e l l y  a l luv ium i n  the  Strawberry River  channel and s i l t y -sand 
co l  l u v i a l  aprons along the  edge of the  r i v e r  gorge (Thompson, 1965). These 
ma te r ia l s  were removed i n  the  core trench (Randolph, 1974), bu t  a1 luvium and 
col luv ium were not  s t r ipped from the  foundation and abutments upstream and 
downstream o f  zone 1. However, ' l i que fac t i on  o f  t he  granular mater ia ls  
downstream o f  zone 1 does not  appear t o  be a reasonable p o s s i b i l i t y  even 



du r i ng  a  severe earthquake1' (Peck, 1981). Upstream o f  zone 1, a l luv ium and 
c o l  luv ium beneath zone 2 m igh t  slump t o  some extent ,  bu t  a  l a r g e  p o r t i o n  
would remain t o  b u t t r e s s  zone 1. Thus, l i q u e f a c t i o n  o f  foundat ion m a t e r i a l s  
i s  no t  considered a  p o t e n t i a l  t h r e a t  t o  t h e  s e c u r i t y  of t he  dam (Peck, 
1981). 
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S o i l  P r o f i l e  D e s c r i p t i o n  SC-1 

C l a s s i f i c a t i o n :  Typic P a l e b o r o l l  

Loca t ion :  Co-op Creek Quadrangle; S t a t i o n  15 i n  Co-op Creek t r ench  1; NW114, 
NW1/4, SE1/4, NW1/4, sec. 32, T. 2  S., R. 11 W .  

Phys iographic  p o s i t i o n :  Upthrown sur face  7 m f rom c r e s t  o f  7-m-high scarp; 
2440 rn (8000 f t )  e l e v a t i o n .  

Topography: Smooth su r face  s l o p i n g  5" W.  

Drainage: Well dra ined.  

Vegetat ion:  Grasses. 

Parent m a t e r i a l :  Surface co l l uv i um over  a l l u v i a l  f a n  stream and deb r i s  f low 
depos i t s  w i t h  c l a s t s  o f  T e r t i a r y  conglomerate c o n s i s t i n g  o f  q u a r t z i t e s  and 
sandstones w i t h  r a r e  l imestone. 

Age: B u l l  Lake o r  younger (P ineda le ) .  

Remarks: Percentages a re  v i s u a l l y  est imated. 

Sampled by: A. R. Nelson and C. K .  Kr insky,  J u l y  31, 1981. 

A 1 0-10 cm. Dark brown (10YR 313) dry,  brownish b l ack  (10YR 2/2 
mois t ;  loam; weak t o  moderate subangular b locky;  s l i g h t l y  hard 
( d r y ) ,  n o n s t i c k y  (wet ) ,  nonpl a s t i c  (wet )  ; ve ry  s l i g h t l y  e f fervescent  
on c l a s t s ;  10% pebbles, 25% cobbles,  5% boulders  by  volume; abrupt 
wavy boundary. 

A2 10-38 cm. Dark brown (10YR 3/3) dry ,  brownish b lack  (10YR 212) 
mois t ;  loam; weak f i n e  subangular b locky;  s o f t  ( d r y ) ,  nons t i cky  
(wet ) ,  n o n p l a s t i c  (we t ) ;  10% pebbles, 25% cobbles, 5% boulders  by 
volume; c l e a r  wavy boundary. 

2 E 38-60 cm. Orange (5YR 715) dry ,  b r i g h t  r edd i sh  brown (5YR 517) 
mois t ;  sandy loam; weak f i n e  subangular b locky;  hard ( d r y ) ,  nons t i c ky  
(wet) ,  nonp las t i c  (wet ) ;  10% pebbles, 25% cobbles, 5% boulders  by  
volume; abrupt  wavy boundary. 

2  B t  60-114 cm. B r i g h t  brown (2.5YR 5/6) dry ,  redd ish  brown (2.5YR 4/6)  
mois t ;  sandy c l a y  loam; weak f i n e  t o  medium angular blocky;  hard 
( d r y ) ,  s l i g h t l y  s t i c k y  (wet ) ,  ve r y  s l i g h t l y  p l a s t i c ;  few t h i n  
a r g i l l a n s  l i n e  t u b u l a r  o r  i n t e r s t i t i a l  pores; many moderately t h i c k  
a r g i l l a n s  on c l a s t s ;  cont inuous t h i n  o r i e n t e d  a r g i l l a n  br idges;  
5% g r u s i f i e d  c l a s t s ;  10% pebbles, 20% cobbles, 2% boulders  by 
volume; gradual  wavy boundary. 



2 C 114-149 cm. B r i g h t  brown (2.5YR 516) dry, redd ish  brown (2.5YR 
416) mois t ;  sandy load; weak ve ry  f i n e  t o  f i n e  subangular b locky;  
s l i g h t l y  hard ( d r y ) ,  v e r y  s l i g h t l y  s t i c k y  (wet ) ,  nonp las t i c  (wet )  ; 
few t h i n  a r g i l l a n  br idges;  m a t r i x  s l i g h t l y  e f fe rvescen t ;  1% g r u s i f i e d  
c l a s t s ;  some weak s t r a t i f i c a t i o n ;  c l e a r  broken boundary. 

Ckj 149-210 cm. B r i g h t  brown (2.5YR 517) dry, redd ish  brown (2.5YR 
417) mois t ;  sandy loam; s i n g l e  g ra i n ;  l oose  (d r y ) ,  nons t i cky  (wet ) ,  
nonp las t i c  (wet ) ;  few t h i n  a r g i l l a n  br idges;  m a t r i x  v i o l e n t l y  
e f fervescent ,  c l a s t s  s t r o n g l y  e f fe rvescen t ,  carbonate ve ins  on 
c l a s t s ;  carbonate stage I-; 25% pebbles and 10% cobbles by 
volume; abrupt  i r r e g u l a r  .boundary.. 

3  Ckj  210-273 cm. Orange (5YR 617) dry,  b r i g h t  brown (2.5YR 516) mois t ;  
loamy sand; s i n g l e  g r a i n  loose ( d r y ) ,  nons t i c ky  (wet) ,  nonp las t i c  
(wet ) ;  few t h i n  a r g i l l a n  br idges,  few t h i n  a r g i l l a n s  l i n e  t u b u l a r  
o r  i n t e r s t i t i a l  pores ( i n f i l t r a t e d )  ; m a t r i x  v i o l e n t l y  e f fe rvescen t ,  
c l a s t s  s t r o n g l y  e f fe rvescen t ,  carbonate l i g h t  g ray  ( 5  YR 811) dry ;  
carbonate stage I ;  10% pebbles, 5% cobbles and 30% boulders  by  
volume; c l e a r  wavy boundary. 

4 Ckj  273-334 cm. Orange (5YR 617) dry ,  b r i g h t  brown (2.5YR 516) mois t ;  
loamy sand; s i n g l e  g ra in ;  l oose  ( d r y ) ,  nons t i c ky  (wet ) ,  nonp las t i c  
(wet ) ;  few t h i n  a r g i l l a n s  on c l a s t s ,  few t h i n  a r g i l l a n  br idges,  few 
t h i n  a r g i l l a n s  i n  t u b u l a r  o r  i n t e r s t i t i a l  pores ( i n f i l t r a t e d ) ;  
c l a s t s  v i o l e n t l y  e f fe rvescen t ,  carbonate 1  i g h t  g ray  (5YR 811) dry, 
carbonate stage I-; weakly s t r a t i f i e d ;  30% pebbles and 15% 
cobbles by  volume. 



S o i l  P r o f i l e  D e s c r i p t i o n  SC-2 

C l  a s s i f  i c a t i o n :  Cumul i c  Hap loboro l l  

Locat ion:  Co-op Creek Quadrangle; S t a t i o n  46 i n  Co-op Creek t r ench  1; ~ ~ 1 1 4 ,  
NW1/4, SE114, NW114, sec. 32, T. 2 S., R. 11 W .  

Phys iographic  p o s i t i o n :  Downthrown sur face  13 m f rom base o f  7-m-high scarp; 
2440 m (8000 f t )  e l e v a t i o n .  

Topography: Smooth su r face  s l o p i n g  lo W. 

Drainage: Well drained. 

Vegetat ion:  Grasses. 

Parent m a t e r i a l :  F ine-gra ined d i s t a l  co l l uv i um over  a l luv ium.  

Age : Hol ocene . 
Remarks: Percentages a re  v i s u a l l y  est imated. 

Sampled by: C. K. Kr insky,  August 1, 1981. 

A 1  0-26 cm. Brown (7.5YR 413) dry ,  dark  brown (7.5YR 313) mois t ;  
loam; v e r y  weak f i n e  subangular b locky;  s o f t  ( d r y ) ,  nons t i cky  and 
nonpl a s t i c  (wet ) ;  5% pebbles by volume; abrupt  wavy boundary. 

A2 26-58 cm. Brown (7.5YR 413) dry ,  dark  brown (7.5YR 313) mois t ;  
loam; weak t o  moderate f i n e  t o  medium subangular b locky;  s l i g h t l y  
hard ( d r y ) ,  nons t i c ky  and n o n p l a s t i c  (we t ) ;  5% pebbles by volume; 
c l e a r  smooth boundary. 

A3 58-80 cm. Brown (7.5YR 413) dry,  dark  brown (7.5YR 313) mo is t ;  
loam; weak f i n e  t o  medium subangular b locky;  hard ( d r y ) ,  nons t i c ky  
and nonp las t i c  (we t ) ;  5% pebbles by volume; gradual  i r r e g u l a r  
boundary. 

E 80-110 cm. D u l l  brown (7.5YR 514) dry ,  brown (7.5YR 414) mo is t ;  
sandy loam; v e r y  weak f i n e  subangular b locky;  loose ( d r y ) ,  nons t i c ky  
and nonp las t i c  (we t ) ;  1% pebbles by  volume; abrupt  smooth boundary. 

2 Bw 110-155 cm. D u l l  orange (7.5YR 614) dry ,  d u l l  brown (7.5YR 514) 
mo is t ;  sandy c l a y  loam ; weak f i n e  t o  medium subangular blocky;  
hard ( d r y ) ,  ve r y  s l i g h t l y  s t i c k y  and nonp las t i c  (wet )  ; cont inuous 
t h i n  a r g i l l a n s  b r i d g i n g  gra ins,  few t h i n  a r g i l l a n s  l i n i n g  pores; 
1% pebbles by volume; c l e a r  wavy boundary. 

2 C 155-230 cm. D u l l  orange (7.5YR 614) dry ,  d u l l  brown (7.5YR 514) 
mo is t ;  loam; ve r y  weak f i n e  subangular b locky;  s l i g h t l y  hard ( d r y ) ,  
nons t i c ky  and nonp las t i c  (wet ) ;  1% pebbles by  volume; abrupt 
wavy boundary. 



3C 230-300+ cm. D u l l  orange (7.5YR 6/4)  dry,  d u l l  brown (7.5YR 514) 
moist ;  sand t o  loam; s i n g l e  g r a i n  t o  s t rong  medium subangular 
blocky; loose t o  hard (d r y ) ,  nons t i c ky  t o  s l i g h t l y  s t i c k y  and 
nonp las t i c  t o  s l i g h t l y  p l a s t i c  (wet) ;  f r a  ments, seams, and c l a s t  
coat ings o f  b r i g h t  r edd i sh  brown (5YR 5/83 d r y  c l a y  loam throughout 
hor izon; 15% pebbles, 20% cobbles, and 5% boulders  by volume, 
boulders near upper con tac t .  



S o i l  P r o f i l e  Desc r i p t i on  SC-3 

C l a s s i f i c a t i o n :  Cumul i c  Hap loboro l l  

Locat ion:  Co-op Creek Quadrangle; S t a t i o n  19 i n  Co-op Creek t rench  2; NW114, 
NE1/4, SE1/4, SW114, sec. 32, T. 2 S, R .  11 W .  

Physiographic p o s i t i o n :  Downthrown sur face a t  base o f  5-m-high scarp; 2434 m 
(7980 f t )  e l e v a t i o n .  

Topography: Smooth sur face s l op ing  2" W. 

Drainage: Well drained. 

Vegetat ion : Grasses. 

Parent rnater i  a1 : D i s t a l  and prox imal  c o l  1 u v i  urn over  a1 1 u v i  a1 fan debr i  s f 1 ow 
deposi ts .  

Age: Holocene. 

Remarks: Percentages are v i s u a l l y  est imated. 

Sampled by: A. R. Nelson, September 1, 1981. 

A 1 0 4 1  cm. D u l l  brown (7.5YR 514) dry ,  dark brown (7.5YR 314) mois t ;  
loam; weak coarse p l a t y ;  weakly coherent ( d r y ) ,  nons t i cky  (wet ) ,  
nonp las t i c  (wet) ;  10% pebbles, and <1% cobbles by volume; abrupt 
smooth boundary. 

A2  11-76 cm. D u l l  brown (7.5YR 514) dry,  dark brown (7.5YR 3/4) 
moist ;  loam; weak medium p r i s m a t i c  t o  weak medium subangular 
blocky; s l i g h t l y  hard t o  weakly coherent ( d r y ) ,  nons t i cky  (wet) ,  
nonp las t i c  (wet) ;  10% pebbles, and <1% cobbles by volume; c l e a r  
smooth boundary. 

A 3 76-105 cm. D u l l  brown (7.5YR 5/41 dry,  dark brown (7.5YR 314) 
mois t ;  loam; ve ry  weak f i n e  t o  medium subangular blocky; s l i g h t l y  
hard (d r y ) ,  s l  i g h t l y  s t i c k y  (wet) ,  nonpl as t  i c  (wet)  ; 10% pebbles ,and 
<1% cobbles by volume; abrupt wavy boundary. 

Bw 105-149 cm. Orange (7.5YR 6/6.5) and orange (5YR 6/6.5) dry ,  
b r i g h t  brown (7.5YR 416.5) and redd ish  brown (5YR 416.5) moist ;  
loam; medium weak t o  moderate p r i sma t i c ;  s l i g h t l y  hard (d r y ) ,  
s t i c k y  (wet) ,  p l a s t i c  (wet) ;  cont inuous t h i n  a r g i l l a n  br idges, few 
t h i n  a r g i l l a n s  i n  t u b u l a r  pores o r  i n t e r s t i t i a l  pores, many t h i n  
a r g i l l a n s  on c l a s t s ;  10-20% pebbles, 5% cobbles and 4% boulders by 
volume; c l e a r  wavy boundary. 



2CB 149-183 cm. D u l l  orange (5YR 7/3) t o  orange (7.5YR 616) dry,  
b r i g h t  redd ish  brown (5YR 516) t o  b r i g h t  brown (7.5YR 516) mois t ;  
sand t o  sandy loam; s i n g l e  g r a i n  grad ing t o  weak f i n e  subangular 
blocky; loose  t o  weakly coherent ( d r y ) ,  nons t i cky  (wet) ,  nonp las t i c  
(wet) ;  common t h i n  a r g i l l a n  br idges,  common t h i n  a r g i l l a n s  on 
c l as t s ;  20% pebbles, 10% cobbles, and <1% boulders  by volume; c l e a r  
wavy boundary. 

2C1 183-204 cm. Orange (5YR 617) w i t h  pieces o f  5YR 516, 5YR 715, 5YR 
813, dry, b r i g h t  redd ish  brown (5YR 517) w i t h  pieces of 5YR 614, 
moist ;  sandy loam; s i n g l e  g r a i n  w i t h  areas o f  weak f i n e  subangular 
blocky; loose t o  weakly coherent ( d r y ) ,  nons t i cky  (wet) ,  nonp las t i c  
(wet) ;  5-10% g r u s i f i e d  c l a s t s ;  20% pebbles, 20% cobbles, and <1% 
boulders by volume; gradual wavy boundary. 

204-279 cm. B r i g h t  brown (2.5YR 516) dry,  dark redd ish  brown, 
(2.5YR 3/6) mois t ;  sand t o  sandy c l a y  loam; s i n g l e  g r a i n  t o  weak 
f i n e  subangular blocky; loose t o  hard (d ry ) ,  nons t i cky  t o  s l i g h t l y  
s t i c k y  (wet) ,  nonp las t i c  t o  s l i g h t l y  p l a s t i c  (wet) ;  many moderately 
t h i c k  a r g i l l a n  br idges,  common t h i n  a r g i l l a n s  i n  t ubu la r  o r  i n t e r -  
s t i t i a l  pores, many moderately t h i c k  a r g i l l a n s  on c l as t s ;  common 
red c l a y  seams; 5-10% g r u s i f i e d  c l a s t s ;  20% pebbles, 20% cobbles 
and <1% boulders  by volume; abrupt smooth boundary. 

3 C 279-360 cm. Reddish brown (2.5YR 516) w i t h  some orange (5YR 616) 
dry, redd ish  brown (2.5YR 416) w i t h  some redd ish  brown (5YR 418) t o  
orange (5YR 618); sandy c l a y  loam; massive; s l i g h t l y  s t i c k y  (wet) ;  
s l i g h t l y  p l a s t i c  (wet) ;  many moderately t h i c k  a r g i l l a n  br idges, 
common t h i n  a r g i l l a n s  i n  t u b u l a r  o r  i n t e r s t i t i a l  pores, many 
moderately t h i c k  a r g i l l a n s  on c l a s t s ;  common red  c l a y  seams; 
1-10% pebbles and 0-20% cobbles by volume. 



Soi 1  P ro f  i i e  Desc r i p t i on  SC-4 

C l  a s s i f  i c a t i o n :  Typic Ustochrept 

Locat ion: Deep Creek Canyon Quadrangle; NE114, NW114, NW114, SE114, set. 7, 
T. 3  S o ,  R. 9  W. 

Physiographic p o s i t i o n :  Center of 28-m-high f l u v i a l  t e r race ;  2114 m 
(6930 f t )  e l eva t i on .  

Topography: Smooth sur f  ace, 0' s lope. 

Drainage: We1 1 drained. 

Vegetat ion: Scat tered sage. 

Parent m a t e r i a l  : F l u v i  a1 g rave ls  w i t h  q u a r t z i t e  and sandstone c l  asts .  

Age: Pinedale? 

Remarks: Percentages are v i s u a l l y  est imated. 

Sampled by: A. R. Nelson, August 26, 1981. 

A1 0-8 cm. D u l l  brown (7.5YR 513) dry, dark  brown (7.5YR 313) mois t ;  
sandy loam; weak medium subangul a r  blocky; s o f t  ( d r y ) ,  nons t i cky  
and nonp las t i c  (wet)  ; 40% pebbles, 15% cobbles, and 2% boulders by 
volume; c l e a r  wavy boundary. 

A2 8-23 cm. Brown (7.5YR 4/4) dry,  dark  brown (7.5YR 314) mois t ;  
sandy loam; ve ry  weak f i n e  t o  medium subangul a r  blocky; so f t  ( d r y ) ,  
nons t i cky  and nonp las t i c  (wet) ;  40% pebbles, 15% cobbles, and 
2% boulders  by volume; gradual wavy boundary. 

Bw 23-80 cm. B r i g h t  redd ish  brown (5YR 517) dry, redd ish  brown (5YR 
417) moist ;  sandy loam; weak t o  moderate f i n e  t o  medium subangular 
blocky; s l  i g h t l y  hard (d r y ) ,  ve ry  s l  i g h t l y  s t  i c k y  and nonpl as t  i c  
(wet)  ; cont inuous c o l  l o i d a l  s t a i n s  on minera l  gra ins,  common t h i n  
a r g i  1  lans b r i d g i n g  g ra ins  and coa t i ng  c l  asts ;  40% pebbles, 15% 
cobbles, and 2% boulders  by volume; c l e a r  wavy boundary. 

C w j  1 80-122 cm. B r i g h t  brown (7.5YR 516) dry,  brown (7.5YR 416) mois t ;  
sand+; v e r y  weak f i n e  t o  medium subangular blocky; loose (d r y ) ,  
nons t i cky  and nonpl a s t i c  (wet)  ; common c o l l o i d a l  s t a i n s  on minera l  
grains,  few t h i n  a r g i l l a n s  b r i d g i n g  gra ins;  40% pebbles, 15% 
cobbles, and 2% boulders  by volume; gradual wavy boundary. 

Cwj2 122-140+ cm. Orange (7.5 YR 6/6) dry,  brown (7.5YR 4/6) moist ;  
sand; s i n g l e  g ra in ;  loose ( d r y ) ,  nons t i c ky  and nonp las t i c  (wet) ;  
few d iscont inuous carbonate coa t ings  on lower ha l f  o f  c l as t s ,  
coat ings s l i g h t l y  e f fe rvescen t ;  40% pebbles, 15% cobbles, and 
2% boulders  by volume. 



Appendix B 

Auger and Bore Hole Logs 



Auger h o l e  1 

Depth ( f t )  

Auger h o l e  2 

Depth ( f t ) '  

Auger ho le  3 

Depth ( f t )  

Texture (USDA) 

Texture 

1  
1  
1 

s i c  1 
sc 1  
sc 1  
sc 1  

Texture 

1  s 
1 s  
1  s  
S 
S 

S 
s c l  
sc 1  

Munsell 
c o l o r  ( d r y )  

Munsell 
c o l o r  ( d r y )  

Munsell  
c o l o r  ( d r y )  

10-YR 313 
10-YR 313 
10-YR 313 

7.5-YR 5/3 
7.5-YR 513 
7.5-YR 614 

7.5-YR 616 and 5-YR 5/6 
5-YR 516 



Auger ho le  4 

Depth ( f t )  

Auger ho le  5 

Depth ( f t )  

Auger ho le  6 

Depth ( f t )  

Texture 

s i 
s i  1 
s i  1 
s i c 1  
s i c  1 
s i c  
s i c  
s i c  
s i c  
s i c  
s i c  
S C 
SC 
S C 
SC 
S C 
S C 

S C 
s C 
s 1 
s i c  

Texture 

Texture 

Munsel 1 
c o l o r  ( d r y )  

10-YR 414 
10-YR 414 
10-YR 416 

5-YR 615 
2.5-YR 615 
2.5-YR 516 
2.5-YR 516 
2.5-YR 516 

5-YR 516 
5-YR 516 
5-YR 516 
5-YR 516 

2.5-YR 516 
2.5-YR 516 
2.5-YR 516 
2.5-YR 516 

5-YR 516 
2.5-YR 516 
2.5-YR 516 
2.5-YR 516 
2.5-YR 516 

Munsel 1 
c o l o r  ( d r y )  

Munsel 1 
c o l o r  ( d r y )  



Auger hole 7 

Depth ( f t )  

Bore hole 3 

Depth ( f t )  

Bore hole 4 

Depth ( f t )  

Texture 

Texture 

1 
s 1 
s i  1 
si  1 
s 1 
s 1 
s i  1 
si  1 
s i 
s ic l  
sc 1 
s ic l  
s ic l  

Texture 

Munsell 
color (dry) 

Munsell 
color (dry) 

Munsel 1 
color (dry) 



Appendix C 

Ind ian  Creek Core Logs 





Core Cepth 
segment (cm) 

CORE 1 
Page - 1 11 of - 

Moist HC1 Boundary 
Texture Structure Color reaction thickness (cm) 

s i 1 5,1,Sb 10YR2/1.5 1 

many roots 

s i l  3,3, Sb 10YR2/2 2 

rare roots 

S l u f f  

i 
s i l  

Descriptions fo l l  ow Soi 1 Survey S t a f f  (1975).  



Page 2 of 11 
CORE 1 

Core Depth 
segment (cm) 

LOCATION Indian Creek alluvial   lain 

HC1 Boundary 
Texture Structure Ccl or reaction thickness (cm) 

I 7 1  sl:::f) IOYR to 2.5Y613 

00 - 

10 - 

rare 
sl ( f s )  10YR712 2.5Y512 

streaks 

s i l  rare mottles 10YR712 
1 mm thick 
10YR416 

common 1 mm thick 
horz mottles 

sl 10YR712 10YR511.5 
(vfs )  

1 mm black horz streaks 

sl ( f s )  mottles lOYR5/2 
as above 

broken 1.5 

Ifisandv rare streaks 

I I sandy rare streaks 2.5Y511 
150 I aravel 

Descriptions follow Soil Survey S t a f f  (1975) .  



Core Depth 
segment Jcm) 

3 Page - 11 

CORE 1 
of - 

LOCATION Indian Creek a1 1 uv ia l  p l a i n  

HC1 Boundary 
Texture Structure Ccl or reaction thickness (cm) 

Descriptions follow Soil Survey Staff (1975).  

160 - 9 

U a  

4r 

03 
- 

0 

r a r e  1 mm 10YR712 
s t r e a k s  

c 1 2.5Y511 

r a r e  10YR212 
s t r e a k s  

10YR312 
r o o t  ho les  & 10YR512 

1 modern r o o t s  10YR1.711 
2.5Y511 

170 - 

180 - 

Sampl e d f o r  

14c 
8230d190 
GX-8211 

190 - modern r o o t  ho le  

r a r e  10YR212 

c s i  r o o t  m o t t l e s  

r a r e  1 mm 2.51511 

10YR212 s t r e a k s  1 200 - 

210 - 

220 - 

230 - 

240 - 

s i l  ( v f s )  

s l  ( f s )  

10YR412 

1 ( v f s )  

2.5Y411 

2.5Y4/1&3/1 

2.5Y4/1&3/1 

c s i  
v 2.5Y611 

H - sandy gravel  3 mm black 2.5Y3/lto5/ 
max=2cm beds 

sandy r a r e  black 
gravel  s t r e a k s  2.5Y311 

brown p l a n t  f r a g s  



CORE 1 

LOCATION a i a n  Creek alluvial   lain 

HC1 Boundary 
Texture Structure - Color reaction thickness (cm) 

sandy gravel 
T' 

gravels mostly subang and subrnd 
b u t  some ang and rnd 

Core k p t h  
segment (cm) 

very rare mottles 

sandy gravel 2.5Y4/1 2 

some roots and 
plant frags 

horizontally 
bedded 

sl (f-ms) 2.5Y4/1 2 

Sluff 

s l  disturbed 2.5Y4/1 2 
bedding 

gravel 1 y sand 2.5Y4/1 2 
max=5mm 

gravel 
max=2cm 

Descriptions follow Soil Survey Staff (1975).  



CORE 1 
Page - 5 11 

of - 

Core k p t h  
seqment (cm) 

LOCATION I n d i a n  Creek a l l u v i a l    lain 

HC1 Boundary 
T e x t u r e  S t r u c t u r e  Color r e a c t i o n  th ickness (cm) 

gravel  
max=2cm 

Coarse gravel  - No recovery  

Coarse gravel  - No recovery  

somewhat 2 .5Y512  2 
d is turbed  

1 s ( c )  
gravel  1 y max=4cm 

Coarse gravel  - No recovery  

Descr ip t ions  f o l l o w  S o i l  Survey S t a f f  (1975). 



CORE 1 
Page 6 of 2 

Core k p t h  
seqment 

Sampled 
f o r  1 4 ~  

$37,000 
GX-8213 

LOCATION m i a n  Creek a l l u v i a l   lain 

HC1 Boundary 
T e x t u r e  S t r u c t u r e  Color  r e a c t i o n  th ickness  (cm) 

I I I few 1-5 mm 

Coarse gravel  - No recovery  

/ Med pebbles 

I I I ova l  b lack  

660 - 

670 - 

680 - 

I I I c l  m o t t l e s  5Y4/1 

n I I I patches o f  - -..- .- 

--c- .- 

- - --- 

Descr ip t ions  f o l  low Soi 1 Survey S t a f f  (1975). 

s i l  10YR3/2 

s i l  2.5Y412 

few black 
1 mm f l e c k s  
and streaks 

c 1 5Y411 
t o  

2.5Y512 



Page 7 of 11  - - 
CORE 1 

Core k p t h  
segment (an) 

zones o f  
5Y5/1 

LOCATION I n d i a n  Creek a l l u v i a l  p l a i n  

HC1 Boundary 
Texture St ructure  Color react ion  thickness (cm) 

c l  2.5Y512 

c  1  r a r e  1 mm 2.5Y512 2  
b lack f l e c k s  t o  

5Y5/2 

c l  few 1 - 3  mm 2.5Y412 2  
mott  es 
2.5Y311 

0 .5  
s i l  3mmbeds  10YR512 1 

10YR413 0.2 

s l  ( v f )  10YR5/3 1 
1-3  mm beds 

10Y R5/ 6 
m o t t l e s  i n  
beds 2.5YR314 

pebble 
upper 3 cm 
m o t t l e d  2.5YR314 

sandy 
grave l  10YR512 2  

f i n e  g r a v e l l y  
sand 10YR512 2  

f i n e  gravel  l y  
sand 

gravel  1 y  
sand 

max=3cm 

Descriptions f o l l o w  Soi 1 Survey S t a f f  (1975). 



Core k p t h  
segment (cm) 

Page 8 o f  11 
CORE 1 

LOCATION Indian Creek a1 luvial plain 

HC1 Boundary 
Texture Structure Color reaction thickness (cm) 

sandy 
gravel 

s 1 mottles 10YR512 2 
2-4 mmm beds 
10YR516 and 
5YR317 

sandy rare Mn? 5YR317 
gravel stain on 2 

c lasts  

Is(f-m) few 1 - 3  mm 2.5Y512 
mottles 
5YR317 

rare mottles 
gravel ly  5YR317 10YR513 2 

sand 

l s ( v f - f )  m ' n  2.5Y6/2 1 
7. $Y!!I~ 
stains 0.2 

s l  ( f - C O )  10YR5/2 

fine 
gravelly 5YR317 2.5Y613 2 

sand mottles 

gravel 1 y COmmon 
clay f ,?tKs 5GY511 2 

max=2cm 5YR317 

Descriptions fol 1 ow Soi 1 Survey Staff (1975).  



Core k p t h  
segment (4 

Page 9 of 11 
CORE 1 

- - 
LOCATION Indian Creek alluvial plain 

HC1 Boundary 
Texture Structure Color reaction thickness (cml 

I I I rare IOYRI/I 
1-3 rnm 

I I I roots 10Y611 1 
decomposed 

for' 1 4 ~  

,840k1300 

GX-8214 

I I I s i c  10Y6/1 1 

910 - 

I I I 
. - , . - - -  8 

rare pebbles 

rare 1-3 mm 
black mottles 2.5GY611 

I c1 
1 mm black 2.5Y6/.1 
streaks 

Descriptions follow Soi 1 Survey Staff (1975).  



CORE 1 

Core k p t h  
seqment (m) 

LOCATION Indian Creek alluvial plain 

HC1 Boundary 
Texture Structure - Color reaction thickness (cm) 

I 

s i c  2.5Y512 1 

d 

I 

s i c  

I 

970 - 
13 

980 - 

990 - 

1000 - 

1010 , 

1020 - 

1030, 

s i c  2.5Y511 1 

20% black streaks 2.5Y512 1 

. 

15 

Sarnpl ed 
for snails 

s ic  

1040 , 

black streaks 
and blotches, 

s i c  concentratedin 2.5Y5/1 1 
beds in upper % 

v 1050, 

s i c  

pebble 

Descriptions follow Soi 1 Survey Staff (1975).  



11 Page 11 of - 
CORE I 

Core B p t h  
segment (an) 

Sampled for I 

LOCATION Indian Creek alluvial plain 

HC1 Boundary 
Texture Structure CcJ or reaction thickness (cm) 

Descriptions follow Soi 1 Survey Staff  (1975) .  

1 
0 

I 

0 
&,> .db 

0 

////// 

,-,ebb1 e 

s i c  

f i berous 
clayey peat 

cl 

gravel 1 y 
sand 2.5Y3/2-4/1 2 

some mottled 0 . 1  
gravelly beds 5YR3/8 2.5Y6/3 2 

sand to 
2.5Y6/8 

Coarse 
gravel - No recovery 



Page - 1 o f  2 
CORE 2 

Core k p t h  
segment (an) 

medium-sized 
roots 

1 

LOCATION Indian Creek a l l u v i a l  p l a i n  

Moist HC1 Boundary 
Texture St ructure  Color react ion  thickness (cm). 

s i  1  granular 7.5YR2/2 3 

l a r g e  roots 
I s ( v f - f )  I 

10Y R4/2 

S lu f f  

1  

I s ( f )  
s l  ( v f )  

s l  ( v f )  

s l  ( f )  
s 1 

10YR4/2 1 0 . 2  

2.5YR5/3 2 5mm o t t  O. 1 es 5YR4/6 

10YR4/2 2 0 . 2  

0 . 2  

Descriptions fo l l  ow Soi 1 Survey S t a f f  (1975). 



CORE 2 
Page 2 - 2 

of - 

Core k p t h  
seqrnent (an) 

sandy 
gravel 
max=lcm 

Coarse gravel - No recovery 

Bedrock a t  2 .6  rn 

Descriptions f 01 1 ow Soi 1 Survey 

LOCATION o a i n  

p i s t  HC1 Boundary 
Texture Structure c or reaction thickness (cm) 

fine gravel 1 y 
s 1 2.5Y511 3 

max clast=lcrn 

2.5Y511 3 
I s  stains on c las t s  7.5YR317 

1 s 2.5Y411 3 

max clast=2cm 

Sluff 

gravel 1 y 

coarse s 

max clast=1.5crn 

S t a f f  (1975). 
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