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SUMMARY OF CONCLUSIONS 

Taskeech and Upper S t i l l w a t e r  damsites are loca ted  along the  south f lank 
o f  t he  U in ta  Mountains i n  north-eastern Utah on the Lake Fork River  and 
Rock Creek, respec t i ve ly .  The proposed Taskeech Dam w i l l  be located 
about 40 km (25 mi )  n o r t h  of the  c i t y  of Duchesne and i s  p resen t l y  
planned t o  be const ructed of r o l l e d  e a r t h f i  11 t o  a hei ght o f  about 68 m 
(223 f t ) .  The proposed Upper S t i  1 lwa te r  Dam w i l l  be located about 23 km 
(14 m i  ) west o f  Taskeech Dam and w i l l  be a g r a v i t y  s t r u c t u r e  o f  r o l l e r -  
compacted concrete and be const ructed t o  a he igh t  o f  82 m (270 f t  ). 

Taskeech and Upper S t i l l w a t e r  damsites l i e  w i t h i n  the  eastern l i m i t s  o f  
t h e  ISB ( In termounta in  seismic b e l t ) ,  a nor th - t rend ing  zone o f  d i f f use  
bu t  l o c a l l y  in tense s e i s m i c i t y  t h a t  extends f o r  over 1300 km (800 m i )  
from southern Utah t o  nor thern Montana. The l a rges t  earthquake t o  have 
occurred w i t h i n  t he  ISB d u r i n g  h i s t o r i c  t imes was the M 7.5 Heben Lake, 
Montana earthquake o f  1959. Wi th in  Utah, earthquakes as l a rge  as M 6.6 
have occurred since set t lement  i n  1847. I n  the  region o f  the damsites, 
two earthquakes i n  the  magnitude range 4.5 t o  5.0 have occurred w i t h i n  
7 km o f  Taskeech damsite, one i n  1950 and another i n  1977. 

The ISB i s  a1 so character ized by abundant geolog ic  evidence f o r  l a t e  
Quaternary surface fau l t ing .  I n  cen t ra l  and nor theastern Utah, t h i s  
evidence can be found on t he  Wasatch, Strawberry, and S t i n k i n g  Springs 
f a u l t s  and on the  f a u l t s  on Towanta F l a t  near Taskeech damsite. The 
Wasatch, Strawberry, and S t i n k i n g  Springs f a u l t s  are be l ieved t o  be 
capable o f  generat ing earthquakes i n  the  6.5 t o  7.5 magnitude range w i t h  
assoc ia ted surface f a u l t i n g .  The f a u l t s  on Towanta F l a t  are shown i n  
t h i s  r epo r t  t o  have long recurrence i n t e r v a l s  o f  surface f a u l t i n g ;  
therefore,  the  l i k l i h o o d  of f u t u r e  surface f a u l t i n g  i s  judged t o  be su f -  
f i c i e n t l y  remote as t o  be o f  no consequence t o  the design o f  the  dams. 

Major geolog ic  features i n  the  v i c i n i t y  o f  t he  damsites inc lude  the 
genera l l y  east - t rending South Flank and U in ta  Basin f a u l t s  and a system 
o f  nor th- t rending f a u l t s  t h a t  are orthogonal t o  the east-west s t r u c t u r a l  
g r a i n  developed i n  the  e a r l y  Cenozoic. The nor th - t rend ing  f a u l t s  are 
t y p i c a l l y  concealed fea tu res  e x h i b i t i n g  1 i t t l e  or no surface expression. 
Thei r ex i  stence, however, has been i n f e r r e d  from m i  c rose i  smi c m n i  - 
t o r i n g ,  as has been shown, f o r  example, w i t h  t he  i d e n t i f i c a t i o n  and 
d e l i n e a t i o n  o f  the  Bear Wallow f a u l t  dur ing t h i s  study. The Bear Wallow 
f a u l t  i s  a nor th- t rending b l i n d  s t r u c t u r e  t h a t  i s  be l ieved t o  be the  
causat ive f a u l t  f o r  t he  1950 and 1977 earthquakes near Taskeech damsite. 
Th is  f a u l t ,  l i k e  the  other  nor th - t rend ing  f a u l t s ,  does not appear t o  
have t he  c a p a b i l i t y  t o  generate surface f a u l t i n g  earthquakes. However, 
because t he  dominant contemporary s t ress  f i e l d  i n  the  ISB i n  Utah i s  
east-west extension, f a u l t s  w i t h  t h i s  o r i e n t a t i o n  are l i k e l y  candidates 
f o r  f u tu re  moderate-si zed earthquakes. The Bear Wallow f a u l t  i s  
assigned an MCE (maximum c r e d i b l e  earthquake) o f  magnitude 6.0. 

Based on geologic mapping descr ibed i n  t h i s  repor t ,  the re  has been no 
1 a te  Quaternary and probably no l a t e  Cenozoi c surface displacement on 
t h e  South Flank f a u l t  i n  t he  reg ion near t h e  damsites; therefore,  



magnitude 6.5 t o  7.5 earthquakes and assoc ia ted sur face f a u l t i n g  on the  
South Flank f a u l t  should no t  be considered c red ib le .  However, based on 
t h e  occurrence o f  both h i s t o r i c a l  f e l t  earthquakes and con t inu ing  
microearthquake a c t i v i t y  i n  t h e  region, an MCE o f  M 6.0 as a random 
earthquake i s  recommended. An ep i cen t ra l  d i s tance  o f  2 km from Upper 
S t i l l w a t e r  Dam i s  assigned t o  t h i s  MCE t o  account f o r  the  p o s s i b i l i t y  o f  
a moderate-magni tude  earthquake occu r r i ng  on t he  South Flank f a u l t .  The 
U in ta  Bas in  f a u l t  i s  completely bu r i ed  and was not  amenable t o  study. 
I t s  apparent s t r u c t u r a l  r e l a t i o n s h i p  w i t h  t h e  South Flank f a u l t  and i t s  
east-west s t r i k e  i n d i c a t e  t h a t  as a p r e e x i s t i n g  zone o f  weakness it a lso  
has t he  c a p a b i l i t y  t o  generate moderate-sized earthquakes under the 
c u r r e n t  s t r ess  f i e l d .  

Surface rup tu re  has not  been associated w i t h  earthquakes o f  magnitude 
6.5 o r  l ess  i n  Utah. Therefore, sur face rup tu re  o r  o ther  s i g n i f i c a n t  
topographic  changes are not  expected t o  accompany a magnitude 6.0 ear th -  
quake i n  the  v i c i n i t y  o f  e i t h e r  Taskeech o r  Upper S t i l l w a t e r  Dams. 



1. I n t r o d u c t i o n  

Th is  r epo r t  presents t he  r e s u l t s  o f  a  Bureau o f  Reclamation seisrno- 
t e c t o n i c  eva lua t ion  f o r  t h e  proposed Taskeech and Upper S t i l l w a t e r  Dams 
and Reservo i r  s i t e s ,  Cent ra l  Utah Pro jec t ,  Utah ( f i g .  1.1). A study was 
conducted by t he  Seismotectonic Sect ion,  Geologic Services Branch, fo r  
t h e  s p e c i f i c  purpose of assessing p o t e n t i a l  seismic hazards f o r  con- 
s i d e r a t i o n  i n  t he  design of t he  sub jec t  dams. 

1.1 Object ives 

Study ob j e c t i  ves included: 

a. Out1 i n e  t he  reg iona l  geology and t e c t o n i c  s e t t i n g  o f  t he  p r o j e c t  
area 

b. Evaluate the  h i s t o r i c  s e i s m i c i t y  of t h e  reg ion 

c. Assess the  age and earthquake p o t e n t i a l  o f :  (1 )  t h e  South Flank 
f a u l t  and r e l a t e d  f a u l t s ,  ( 2 )  f a u l t s  on Towanta F l a t ,  and ( 3 )  
o t he r  f a u l t s  s i  gni  f i c a n t  t o  Taskeech and Upper S t i  1  lwa te r  
damsi t e s  

d. Est imate t he  magnitudes, e p i c e n t r a l  l o ca t i on ,  and recurrence 
i n t e r v a l  s  o f  earthquake sources fo r  desi gn purposes 

e. Evaluate t h e  p o t e n t i a l  f o r  o ther  se i sm ica l l y  induced hazards 

1.2 Scope 

Our i n v e s t i g a t i o n s  inc luded:  

a. Review o f  e x i s t i n g  geo log ica l  and se ismolog ica l  1  i t e r a t u r e  

b. I n t e r p r e t a t i o n  of a e r i a l  photography 

c. F i e l d  geologic mapping 

d. Regional geo log ic  i n v e s t i g a t i o n s  ( i n c l u d i n g  both a e r i a l  and 
ground reconnaissance surveys) 

e. Topographic p r o f i l i n g  of f a u l t  scarps 

f. Subsurface i n v e s t i g a t i o n s  ( i n c l u d i n g  exp lo ra to ry  t renches and 
s o i l  p i t s )  

g. Analys is  o f  s o i l  and f o s s i l  samples f o r  d a t i n g  

h. E l e c t r i c a l  r e s i s t i v i t y  p r o f i  1  i n g  

i . M i  c rose i  smi c  mon i to r ing  and ana lys is  
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j . Analys is  o f  h i s t o r i c  s e i s m i c i t y  
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2 .  Feature Desc r i p t i on  

2.1 Taskeech Dam and Reservo i r  

2.1.1 Locat ion and Physiography 

The proposed Taskeech Dam i s  l oca ted  i n  nor th -cen t ra l  Duchesne County 
about 40 km (25 m i )  n o r t h  o f  t h e  c i t y  o f  Duchesne i n  nor theastern Utah 
( f i g  1.1 1  1 )  The dam w i l l  be const ructed across t he  Lake Fork 
River ,  a  t r i b u t a r y  t o  t h e  Duchesne River.  The damsite i s  s i t u a t e d  
w i t h i n  t h e  Uintah and Ouray I nd ian  Reservat ion and i s  loca ted  i n  t h e  

es te rn  h a l f  o f  sec. 1 and eastern h a l f  of sec. 2, T. 1 N., R. 5 W. r ~ l  n t a  Spec1 a1 meridian) (approximate 1  a t i  tude 40.5' N. and 1  ongi tude 
110.4' W.). The d ike ,  a  secondary impoundment s t r u c t u r e  immediately 
nor theast  of  t he  dam, w i l l  be loca ted  i n  t h e  western h a l f  o f  sec. 1, 
T. 1 N., R. 5  W. (U in ta  Special  mer id ian) .  The dam and d i k e  embankments 
w i l l  impound a  r e s e r v o i r  extending t o  t he  northwest. The upper p o r t i o n  
of t h e  r e s e r v o i r  area w i  11 occupy Ashley Nat ional  Forest 1  and. The dam, 
d ike ,  and r e s e r v o i r  s i t e s  a re  covered by t h e  Lake Fork Mountain, Utah, 
USGS 7-112-minute topographic quadrangle. 

2.1.2 Proposed Const ruct ion 

The Taskeech Reservo i r  w i l l  be impounded by t h e  proposed Taskeech Dam 
and a  small d ike.  The proposed dam i s  a  r o l l e d  e a r t h f i l l  s t r u c t u r e  w i t h  
a  he igh t  o f  about 68 m (223 f t )  above t h e  streambed, a  c r e s t  e l eva t i on  
o f  2328 m (7638 f t )  t h a t  w i l l  be 497 m (1630 f t )  l ong  and 9  m (30 f t )  
wide a t  t h e  c res t .  The d ike,  l oca ted  about 0.4 km (0.25 m i )  no r t h  o f  
t h e  dam, w i l l  have a  c r e s t  l eng th  o f  165 m (540 f t )  and w i l l  r i s e  19 m 
( 6 1  f t )  above t h e  ground t o  a  c r e s t  e l e v a t i o n  o f  2328 m (7638 f t ) .  The 
dam and d i k e  w i l l  con ta i n  about 3  088 800 m3 ( 4  040 000 yd3) o f  ma te r i a l ,  
i n c l u d i n g  237 000 m3 (310 000 yd3) i n  t h e  d ike.  A r o l  ler-compacted 
concrete dam i s  be ing  considered as an a l t e r n a t e  f o r  the.main dam and 
d i k e  (USBR, 1984). 

The o u t l e t  from Taskeech Reservo i r  t o  t h e  Lake Fork River,  t o  be loca ted  
i n  t h e  r i g h t  abutment o f  t h e  dam, wi 11 have a  capac i ty  of 23 m3ls 
(800 f t 3 / s )  when t h e  r e s e r v o i r  i s  f i  1  l e d  t o  t h e  maximum water surface 
e l eva t i on  2326 m (7632.2 f t ) .  The r e s e r v o i r  sp i l lway ,  t o  be loca ted  on 
t h e  1  e f t  abutment o f  t h e  dam, w i l l  have an uncon t ro l l ed  s i de  channel 
i n l e t  w i t h  a  c r e s t  e l eva t i on  o f  2324 m (7625 f t ) ,  and a  design capac i ty  
o f  300 m3/s (10 600 f t 3 / s )  a t  t h e  maximum water sur face e l eva t i on  (USBR, 
1984). 

The dam and d i k e  embankments w i l l  impound a  r e s e r v o i r  o f  about 5.6 km 
(3.5 m i )  i n  l eng th  extending genera l l y  t o  t h e  northwest from t h e  dam and 
w i l l  have a  t o t a l  capac i ty  o f  approximately 9.7 x  107 m3 (78 500 acre- 
f t ) .  A t  normal water sur face e l eva t i on  2324 m (7625 f t ) ,  t h e  reservo i  r 
w i l l  cover an area of 4.9 km2 (1210 acres) ,  and t h e  southwest shore l ine  
w i l l  be l e s s  than 15 m (50 f t )  from t h e  e x i s t i n g  Farnsworth Canal and 
Twin Pots Dam. A surcharge capac i ty  of 9.5 x 106 m3 (7700 a c r e - f t )  w i l l  
be prov ided (USRR, 1984). 



2.1.3 Hazard C l a s s i f i c a t i o n  

No downst ream f 1  ood inundat ion map has been prepared t o  r e f l e c t  the 
e f f e c t s  o f  a sudden f a i l u r e  o f  Taskeech Dam. Ranches and homes are 
sca t te red  along the  Lake Fork R iver  south of the  damsite, and the com- 
munity o f  Myton, Utah, immediately downstream of the confluence o f  the 
Lake Fork River  w i t h  t he  Duchesne River ,  1 i e s  about 47 km (29 m i  ) 
downstream o f  the damsite ( f i g .  1.1 and p l .  1) .  Improved and unimproved 
roads and t ransmiss ion and telephone l i n e s  cross the  Lake Fork R iver  and 
t h e  Duchesne River,  downstream o f  the confluence. U.S. Highway No. 40, 
a major t r anspo r ta t i on  rou te  across nor theastern Utah, crosses the 
Duchesne R i ve r  a t  Myton. Pasture and croplands l i e  w i t h i n  t he  f l ood  
p l a i n s  o f  t he  Lake Fork and Duchesne R ivers  and i r r i g a t i o n  canals which 
a re  loca ted  along both r i v e r s  d i v e r t  and convey water. I n  the  event o f  
f a i l u r e  o f  Taskeech Dam, these probably would be the  pr imary areas and 
fea tu res  a f f ec ted  by f loodwater  downstream o f  the  dam. 

2.2 Upper S t i l l w a t e r  Dam and Reservoir  

2.2.1 Locat ion and Physiography 

The proposed Upper S t i l l w a t e r  Dam i s  loca ted  i n  northwestern Duchesne 
County about 50 km (30 m i )  northwest o f  the  c i t y  o f  Duchesne i n  
nor theastern Utah ( f i g .  1.1, p l  . 1). The dam wi 11 be const ructed across 
t h e  g l ac i a ted  v a l l e y  o f  Rock Creek, a t r i b u t a r y  t o  the  Duchesne River ,  
i n  the  Ashley Nat ional  Forest.  Although t h i s  area has not been sur-  
veyed and d i v i ded  i n t o  sect ions, by p r o j e c t i n g  sec t ion  l i n e s  from the  
surrounding area the  damsite i s  t e n t a t i v e l y  loca ted  i n  sec. 20 and 21, 
T. 2 N., R. 7 W. (U in ta  Special  mer id ian)  (approximate l a t i t u d e  40.6' N. 
and l ong i t ude  110.7O W.). The dam w i l l  impound a rese rvo i r  extending 
3.2 km (2  m i  ) t o  the  north. The dam and r e s e r v o i r  s i t e s  are covered by 
t h e  Tworoose Pass, Utah, USGS 7-112-minute topographic quadrangle. 

2.2.2 Proposed Const ruct ion 

The proposed Upper S t i l l w a t e r  Dam w i l l  be a g r a v i t y  s t r u c t u r e  o f  r o l l e r -  
compacted concrete w i t h  convent ional  concrete facing. The dam would 
have a maximum s t r u c t u r a l  he igh t  o f  82 m (270 f t )  above the  foundation. 
The c res t  o f  the  dam, a t  an e l eva t i on  o f  2492 m (8176 f t )  would have a 
t o t a l  l eng th  o f  812 m (2664 f t )  and a c res t  w id th  o f  9 rn (30 f t ) .  The 
dam w i  11 have a v e r t i c a l  upstream face and a va r i ab le  (0.32:l t o  0.6:l) 
s l op ing  downstream face. An over f low sp i l lway  t o  be loca ted  near t he  
middle of the dam w i  11 have a capac i ty  s i m i l a r  t o  the  i n f l o w  design 
f l o o d  o f  about 425 11131s (15  000 f t 3 l s )  (USBR, 1982). 

The dam w i l l  impound a rese rvo i r  o f  about 3.2 km (2  mi )  i n  leng th  
extending t o  the  nor th  which would have a storage capac i ty  of approx i -  
mately 3.7 x l o 7  m3 (30 000 a c r e - f t )  a t  a water surface e l eva t i on  o f  
about 2490 m (8170 f t ) .  



2.2.3 Hazard C l a s s i f i c a t i o n  

No downstream f l o o d  inundat ion map has been prepared t o  r e f l e c t  the 
e f f e c t s  o f  a sudden f a i l u r e  o f  Upper S t i l l w a t e r  Dam. Ranches and homes 
are sca t te red  a1 ong Rock Creek immedi a t e l y  downstream o f  the damsi t e  and 
downstream o f  t he  confluence o f  Rock Creek and t he  Duchesne River .  The 
c i t y  o f  Duchesne, Utah (popu la t ion  3,200), 1 i e s  about 57 km (35 m i  ) 
downstream o f  the  damsite ( f i g .  1.1 and p l .  1) .  Campground f a c i l i t i e s  
a re  loca ted  immediately downstream of the  damsite. Improved and 
unimproved roads, t ransmiss ion and t e l  ephone 1 i nes , and p i  pel  i nes 
p a r a l l e l  and/or cross Rock Creek and the Duchesne R iver  downstream o f  
t h e  damsite. U.S. Highway No. 40, a major t r anspo r ta t i on  rou te  across 
nor theastern Utah, crosses the  Duchesne R i ve r  a t  Duchesne. Pasture and 
croplands l i e  w i t h i n  the  f l o o d  p la i ns  of Rock Creek and the Duchesne 
River.  I n  the event of f a i l u r e  o f  Upper S t i l l w a t e r  Dam, these probably 
would be the  pr imary areas and features af fected by f loodwater 
downstream of the  dam. 



3. Geologic, Sei smologic, and Tectonic S e t t i n g  

3.1 Regional Geology 

3.1.1 Physiography 

The U in ta  Mountai ns are an east-west- t rendi  ng, 240-km (150-mi ) long, 
60-km (35-mi) wide range s i t u a t e d  i n  nor theastern Utah and northwestern 
Colorado ( f i g .  3.1). This range comprises p a r t  o f  the Middle Rocky 
Mountains physiographic prov ince and i s  bounded on the south by the 
U in ta  Basin p o r t i o n  o f  t he  Colorado Plateau province. 

The present landscape o f  t he  U in ta  Mountains cons is ts  o f  a broad, 
p l a t e a u - l i k e  summit area t h a t  has been i n c i s e d  as much as 600 rn 
(2000 f t )  by many o f  the l a r g e r  drainages. During the Pleistocene, 
g l a c i e r s  mod i f ied  p r e e x i s t i n g  drainages forming broad U-shaped g l  ac i  a1 
va l  1 ey 1 andscapes (Atwood, 1909). Headward eros ion by va l  1 ey gl ac i  e rs  
has carved l a rge  coalescing c i rques w i t h  sharp aretes i n  the h igh 
country.  G lac ia l  eros ion i n  the  Uintas was accompanied by depos i t ion  o f  
moraines a t  the  mountain f r o n t .  Outwash sediments were deposi ted on 
outwash p l a i n s  and i n  melt  water channels f a r  out i n t o  the adjacent 
basins t o  the  nor th  and south. 

The ove ra l l  drainage pa t t e rn  o f  the  U in ta  Mountains and nor thern U in ta  
Basin i s  r a d i a l l y  dend r i t i c .  However, a long the  f lanks  o f  the  range, 
some o f  the  drainages have developed along t he  general east-west s t r i k e  
o f  more r e s i s t a n t  s t r a t a  t o  produce a l oca l  t r e l l i s  drainage pattern.  
Drainages o f  both the  no r th  and south f lanks,  w i t h  the  except ion of the  
extreme western por t ion ,  a re  t r i b u t a r y  t o  t he  Green River. 

3.1.2 S t ra t ig raphy  

Bedrock s t r a t i g raphy  exposed i n  t he  U in ta  Mountains and Basin i s  
comprised almost ent i r e l y  o f  sedimentary format ions o f  marine and con- 
t i n e n t a l  o r i g i n  ( f i g s .  3.2 and 3.3). The core o f  the  Uintas cons is ts  
p r ima r i  l y  o f  Precambrian sedimentary rocks. Successively younger 
Paleozoic and Mesozoic rocks are p r i n c i p a l l y  conf ined t o  and form the  
f l a n k s  o f  the  range. However, T e r t i a r y  format ions which onlap the 
f l anks  o f  the  mountains conceal t h i s  p re -Te r t i a r y  succession i n  some 
a reas. 

The U i  n t a  Mountains area was former ly  a broad, e l  ongated geosyncl i nal  
trough. The U in ta  t rough i s  be l ieved  t o  have been an east-west 
embayment o f  t he  roughly nor th-south- t rending Wasatch trough located t o  
t h e  west (Untermann and Untermann, 1969; Hansen, 1969b). Deposi t ion i n  
t h e  t rough was progressive, though i n t e r m i t t e n t ,  from Precambrian 
through t he  l a t e  Cretaceous. Tota l  known th ickness o f  deposi ts ranging 
from Precambrian t o  T e r t i a r y  age i n  the  U in ta  Mountains var ies  from 
13 700 m (45 000 f t )  i n  t h e  eastern p o r t i o n  t o  19 200 m (63 000 f t )  i n  
t h e  western p o r t i o n  (Untermann and Untermann , 1969). 

Marine cond i t ions  i n  the  U in ta  t rough comnenced i n  Precambrian t ime and 



Figure 3.1. Geographic map o f  the Uinta Flountains and Uinta Basin. 
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F igure 3.2. General ized geologic map o f  the U in ta  Mountains and U in ta  
Basin i n  the v i c i n i t y  o f  Taskeech and Upper S t i l l w a t e r  damsites (modif ied 
from Campbell , 1975). 
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cont i nued throughout much of the  Paleozoic and Mesozoic. However, 
marine depos i t ion  i n  t he  t rough was i n t e r r u p t e d  a t  var ious t imes by 
gradual epei rogeni c  up1 i f t s .  The absence of Ordovi c i  an, S i  1  u r i  an, and 
Devonian rocks i n  the  U in ta  Mountain reg ion i s  be l ieved t o  i n d i c a t e  such 
an up1 i f t ,  al though the range probably was not g r e a t l y  e levated as no 
coarse c l a s t i c s  were der ived from t h i s  reg ion (Osmond, 1964; Untermann 
and Untermann , 1969). 

Throughout much o f  i t s  geolog ic  h i  s to ry ,  subsidence i n  the  U i  n t a  t rough 
i s  i n f e r r e d  t o  have been more r a p i d  i n  the  western por t ion.  
Consequently, marine waters i n  response t o  i s o s t a t i c  adjustments 
t ransgressed the  t rough area from the  west. Therefore, onshore 
subaer ia l  deposi ts i n  the  eastern p o r t i o n  o f  the  t rough grade l a t e r a l l y  
i n t o  marine facies which t h i cken  t o  the  west. Mesozoic sediments show 
l a t e r a l  f ac i es  changes s h i f t e d  repeatedly back and f o r t h  across the  
U i  n t a  t rough dur ing  t h i s  period. These cond i t ions  were reversed du r i  ng 
t h e  Cretaceous due t o  up1 i f t s  t o  the west. Then, subsidence was greater  
i n  the eastern p o r t i o n  o f  the  t rough and marine waters transgressed from 
t h e  east (Hansen, 1969b). 

Immediately t o  the  south o f  the  U in ta  Mountains, a  t h i c k  sec t ion  o f  
Paleogene f l u v i  a1 and l a c u s t r i  ne sediments were deposi ted i n  the  Ui n t a  
Basin. The basal Wasatch Formation i s  o v e r l a i n  by Eocene l a c u s t r i n e  
shales and marginal f ac i es  o f  the  Green R i v e r  Formation which were 
deposi ted i n  Lake U in ta  and p resen t l y  outcrop i n  the  southern margin o f  
t h e  basin. The ove r l y i ng  sandstones and shales o f  the U in ta  Formation 
a re  exposed i n  t he  cen t ra l  p a r t  o f  t he  basin. The Oligocene-age sand- 
stones o f  Duchesne R i ve r  Formation are exposed along the nor thern margin 
o f  the  bas in  where they over1 ap the  t i l t e d  Paleozoic and Mesozoic rocks 
a long t he  south l imb o f  t he  U in ta  a n t i c l i n e  (Stokes and Madsen, 1961). 

3.1.3 S t ruc tu re  

3.1.3.1 Overthrust Be1 t 

The Sevier  and Laramide orogenies i n  t h e  Over thrust  B e l t  i n  Idaho, 
Wyoming, and Utah are charac te r i zed  by low-angle, east-di  rected, 
"thin-skinned," imb r i ca te  t h r u s t  f a u l t i n g  i n v o l v i n g  Precambrian t o  
Mesozoic-age sedimentary rocks t h a t  began dur ing  the  Jurass ic  and ended 
i n  the  Eocene (Armstrong, 1968). I n  cont rast ,  t he  Laramide-age block 
u p l i f t s  f u r t h e r  east i n  Wyoming, Utah, and Colorado are bounded by both 
h i  gh-angl e  and low-angl e  t h r u s t  f a u l t s  t h a t  i nvo l ve  c r y s t a l  1  i ne basement 
rocks. 

Ea r l y  i n t e r p r e t a t i o n s  of t h e  s t r u c t u r e  o f  t h e  U in ta  Mountains 
suggested they were a Lararnide-age block u p l i f t  bounded by high-angle, 
mountai nward d ipp ing  reverse f a u l t s  (Sales, 1969; Campbell, 1975). 
Beutner (1977) concludes t h a t  the  west end of the U in ta  up1 i f t  i s  a  
s t r u c t u r a l  reen t ran t  w i t h i n  t he  over th rus t  be1 t imp ly ing  t h a t  the  devel- 
opment o f  t he  U in ta  u p l i f t  i s  not r e l a t e d  t o  over thrust ing.  Rruhn and 
others  (1983) conclude, however, t h a t  the  Ui n t a  Mountai ns are under1 a i  n  
by a low-angle t h r u s t  f a u l t  and suggest t h a t  t he  U in ta  u p l i f t  r e s u l t s  
from ramp f o l d i n g  above a low-angle, east -d i  rec ted  t h r u s t  fau l t .  



3.1.3.2 U in ta  A n t i c l i n e  

The U in ta  Mountains cons is t  o f  an asymmetrical doubly plunging, east -  
west- t rending, compound, a n t i c l  i n a l  f o l d  ( f i  g. 3.4). The U in ta  a n t i  - 
c l  i n a l  arch, somewhat convex t o  the north,  reaches maximum convexi ty  
near the  Utah-Colorado s t a t e  l i n e ;  here, t he  ax is  bends sharp ly  t o  the 
southeast. This s t r u c t u r a l  t r end  conforms w i t h  t he  northwest-southeast- 
t r end ing  White R i ve r  U p l i f t  and Park Range o f  northwestern Colorado. 
The f o l d  axis,  roughly  co inc id i ng  w i t h  the  c r e s t  o f  the mountains, 1 i e s  
c l o s e r  t o  the nor th  s i de  of the  range. Near t he  c res t ,  t he  s t r a t a  
g radua l l y  d i p  away from t h e  axis,  a l though on the  f lanks  o f  the  f o l d  
t h e  d i p  of the s t r a t a  abrup t l y  steepen. On the  south f l ank  o f  the 
Uintas,  t h i s  change i n  d i p  genera l l y  occurs along o r  near the  South 
Flank f a u l t .  

Th is  compound a n t i c l  i n e  cons is ts  o f  an eastern and western dome a1 igned 
on an east-west ax is  (Hansen 1965). Subsidi a ry  a n t i c l  i nes increase the  
s t r u c t u r a l  complexi ty o f  t he  east dome ( f i g .  3.4). 

3.1.3.3 U in ta  Basin 

The U in ta  Basin i s  a topographic as we1 1 as s t r u c t u r a l  low which i n c l u -  
des an area o f  over 24 000 km2 ( 9  300 mi2). Late Cretaceous and ea r l y  
T e r t i a r y  up1 i ft  o f  the  U i  n t a  Mountains was accompanied by subsidence o f  
t h e  adjacent U in ta  Basin. Thick deposi ts  o f  Paleocene t o  Oligocene age 
c l a s t i c  sediments der ived from the  U in ta  Mountain region accumulated i n  
t h e  basin and f a c i l i t a t e d  downwarping o f  t h i s  area (Untermann and 
Untermann, 1969; Hansen, 1969b). Subsidence o f  the U i  n t a  Basin syncl i n e  
appears t o  have been greatest  adjacent t o  t h e  south f l a n k  o f  the moun- 
t a i  ns; consequently, t he  syncl  i ne exhi  b i t s  an asymmetrical con f i gu ra t i on  
w i t h  the  ax is  loca ted  near the  nor thern margin o f  the  basin. S t ra ta  on 
t h e  nor th  l imb o f  the ax is  d i p  more s teeply  than i n  the  broad area t o  
t h e  south. The syncl i n a l  ax i s  t rends genera l l y  east-west, convex t o  the 
north,  and roughly p a r a l l e l s  the  U in ta  a n t i c l i n a l  axis.  The a x i a l  plane 
has been repor ted by Chi lds (1950) t o  d i p  t o  the  nor th  suggesting a 
s t r u c t u r a l  boundary (U in ta  Basin f a u l t )  t h a t  a l so  d ips t o  the nor th  
(Campbell , 1975). 

3.1.3.4 Mountain Flank F a u l t i n g  

Based on s t r u c t u r a l  and s t r a t i  graphic re1 a t i onsh i  ps, pronounced up1 i f t  
of the  U in ta  Mountains occurred i n  the  e a r l y  Eocene and cont inued up t o  
t h e  middle Eocene (Tweto, 1975). This u p l i f t  was accomnodated by l a r g e  
displacements on reverse f a u l t s  which bound the  range; t he  south d ipp ing  
North Flank reverse f a u l t  on t he  north,  and a nor th  d ipp ing  Uinta Basin 
reverse f a u l t  on t he  south. I n  add i t ion ,  a major normal f a u l t ,  the  
South Flank f au l t ,  bounds t he  southern margin o f  the range. 

Uinta Basin Fau l t  --- 
Garvin (1969), based on sur face and subsurface data, suggested the  
ex is tence of a concealed f a u l t  i n  the  western U in ta  Basin which he named 
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Figure 3.4. General i zed  tec ton ic  map o f  the Uinta rlountains (modif ied fror.1 
R i  tzma , 1969). 



t h e  Uinta Basin f a u l t  ( f i g s .  3.2, 3.4). [Note: This f a u l t  was a lso  
named the  Basin-Mountain Boundary f a u l t  by Ritzma (1969) and Campbell 
(1975), b u t  w i l l  be r e f e r r e d  t o  as t he  U in ta  Basin f a u l t  i n  t h i s  report . ]  
Subsequent i nves t i ga t i ons  have i n f e r r e d  t h i s  f a u l t  as a  s teeply  d i pp i  ng 
reverse f a u l t  t h a t  i s  concealed by ove r l y i ng  T e r t i a r y  deposi ts  
( f i g .  3.3). This f a u l t  genera l l y  p a r a l l e l s  and roughly co inc ides w i th  
t h e  ax is  o f  the  U in ta  Basin sync l ine  which i s  loca ted  i n  the  extreme 
nor thern  p o r t i o n  o f  the  U in ta  Basin. 

Geophysical and d r i  11 ho le  data have a lso  es tab l i shed  the presence of a  
major t h r u s t  f a u l t  i n  the  v i c i n i t y  of Asphalt  Ridge immediately south- 
west o f  Vernal, Utah ( f i g .  3.4). Campbell (1975) suggests t h i s  f a u l t ,  
which he r e f e r s  t o  as the Asphalt  Ridge f a u l t ,  and the U in ta  Basin f a u l t  
a re  l a t e r a l l y  continuous; however, he notes ava i l ab le  data are insu f -  
f i c i e n t  t o  conc lus ive ly  make t h i s  co r re l a t i on .  A1 though these f a u l t s  
cannot unequivocal ly  be demonstrated t o  be p h y s i c a l l y  continuous, they 
represent a  major s t r u c t u r a l  d i s c o n t i n u i t y  along the south f l a n k  o f  the 
U in ta  Mountains. 

Displacement on the U in ta  Basin f a u l t  d iminishes t o  the west where i t 
appears t o  j o i n  the  genera l l y  east-west- t rendi  ng f o l d  ax is  o f  the U i  n t a  
Basin sync l ine  i n  eastern Wasatch County, Utah. Garvin (1969) o f f e r s  
evidence f o r  a t  l e a s t  300 m (1000 f t )  o f  displacement along a  segment o f  
t h e  U in ta  Basin f a u l t  i n  western Duchesne County, Utah. Eastward, the  
f a u l t  i s  i n f e r r e d  t o  extend through the  S t a r r  F l a t  o i l f i e l d  i n  
nor theastern Duchesne County (p l .  1) where Goodwin (1961) has mapped a  
f a u l t  o f  s i m i l a r  t rend  w i t h  about 60 t o  150 m (200 t o  500 f t )  o f  d i sp la -  
cement. Fur ther  t o  the east, provided the  Asphalt  Ridge and U in ta  Basin 
f a u l t s  form a  continuous s t ruc tu re ,  t h i s  f a u l t  deviates t o  a  N. 70° W. 
t r e n d  and para1 l e l  s  Asphalt  Ridge ( f i g .  3.4). The U in ta  BasinIAsphal t  
Ridge f a u l t  probably reaches i t s  maximum d i  sp l  acement i n  the Asphalt  
Ridge area. Along t h i s  segment o f  the f a u l t ,  2400 t o  2700 m (8000 t o  
9000 f t )  o f  v e r t i c a l  s t r a t i  graphic displacement has been repor ted 
(Campbell, 1975). Lucas and Drex le r  (1975) r e p o r t  t h a t  l i t t l e  o r  no 
f a u l t  d i  s p l  acement i s  recogni zed i n  deposi ts  younger than middle Green 
R iver  t ime which o v e r l i e  t he  U in ta  Basin f a u l t .  

Up l i f t -bound ing  f a u l t s  have been descr ibed throughout the  southern and 
middle Rocky Mountains and have been i n t e r p r e t e d  as v e r t i c a l  f a u l t s  a t  
depth t h a t  become drape f o l d s  i n  the  ove r l y i ng  sediments and u l t i m a t e l y  
reverse f a u l t s  such as the  U in ta  Basin f a u l t  if displacement i s  great 
enough (Matthews, 1978). Laboratory experiments conducted by Stearns 
and others  (1978) t end  t o  support t h i s  s t r u c t u r a l  s t y l e  o f  f au l t i ng .  
Thei r experiments have cons i s ten t l y  reproduced a  simi 1  a r  sequence and 
o r i e n t a t i o n  o f  f r ac tu res  as those noted along the  south f l ank  o f  the 
U in ta  Mountains by pushing a  p i s ton  v e r t i c a l l y  upward i n  a  layered sand- 
box. However, recent i n t e r p r e t a t i o n s  suggest t h a t  the U in ta  Basin f a u l t  
cou ld  be considered a  back t h r u s t  t h a t  j o i n s  the low-angle decol lement 
i n f e r r e d  below the  U in ta  Mountains (Bruhn and others,  1983). 



South Flank F a u l t  - 
The South Flank f a u l t ,  as w e l l  as o ther  normal f a u l t s  exposed i n  t he  
western U in ta  Mountains, appear t o  be r e l a t e d  t o  e a r l y  T e r t i a r y  up1 i f t  
o f  t he  U i n t a  Mountains. U p l i f t  and t h r u s t i n g  along t he  t h r u s t  f a u l t s  
bounding t h e  U in tas  on both t he  no r t h  and south margins r esu l t ed  i n  
tens ion  across t h e  U in ta  Mountain b lock (Campbell, 1975). 

Publ ished maps dep ic t  t he  South Flank f a u l t  as a high-angle normal f a u l t  
t h a t  d ips  between 60' t o  80° t o  t he  south a t  t he  su r face  (Campbell, 
1975), t y p i c a l l y  jux tapos ing  Paleozoic l imestones i n  the  hanging w a l l  
aga ins t  Precambrian q u a r t z i t e  i n  t h e  f o o t  w a l l  as shown on f i g u r e  3.3. 
The South Flank f a u l t  has gene ra l l y  been shown t o  extend from the Nor th  
Fork o f  t h e  Provo R i ve r  t o  the  Ashley Creek area, a d is tance o f  about 
130 km (80 m i  ) ( p l  . 1) .  Maximum d i  sp l  acement on t h i s  f a u l t  i s  be1 ieved 
t o  be g rea te r  than 1220 m (4000 f t )  i n  t h e  Duchesne R i ve r  area (Huddle 
and others ,  1951). A l a ck  of c o r r e l a t i v e  s t r a t i g r a p h y  prevents measure- 
ment o f  t h e  t o t a l  displacement as Paleozoic  rocks have been removed on 
t h e  upthrown b lock from the  Duschesne R i ve r  t o  the  U in ta  River .  

The t r end  o f  the  South Flank f a u l t  i s  genera l l y  along the  margin o f  the 
west dome o f  the  U in ta  Mountains and i n  many areas cons is ts  o f  a s i ng l e  
we l l - de f i ned  f a u l t  t race,  a l though i t  dev ia tes  t o  a nor theast  s t r i k e  i n  
t h e  Miners Gulch and F i s h  Creek areas. A complex p a t t e r n  of f a u l t i n g  i s  
assoc ia ted  w i t h  t h e  nor theas t  bend i n  t h e  Miners  Gulch area, and 
numerous branch and splay f a u l t s  have been mapped along t h i s  p o r t i o n  o f  
t h e  South Flank f a u l t  by Huddle and o thers  (1951). The f a u l t  does not 
d i s p l a y  t h i s  complex i ty  where i t  bends t o  t he  nor theast  i n  t he  F i sh  
Creek area. Huddle and o thers  (1951) noted f a u l t s  both east o f  Moon 
Lake and i n  the  Lower S t i l l w a t e r  area ( p l .  2 ) ,  and suggested t h a t  these 
f a u l t s  a re  s t r u c t u r a l l y  r e l a t e d  t o  the  South Flank f a u l t  and i t s  
d e v i a t i o n  t o  a no r t heas te r l y  t r e n d  i n  these areas. 

The mapped ex ten t  o f  t he  South Flank f a u l t  i s  about 25 km (15 m i )  east  
o f  the  Whiterocks R i ve r  ( p l .  l ) ,  b u t  i t  does not appear t o  cont inue 
along t he  south f l ank  o f  t h e  east dome o f  t h e  U in ta  Mountains. Rather, 
a more complex p a t t e r n  o f  nor theast  and northwest t r end ing  f a u l t s  accom- 
modated displacement. 

3.1.3.5 Neogene F a u l t  Reac t i va t i on  

Hansen (1983) summarizes t h e  Laramide s t r u c t u r a l  development o f  the  
Ui n ta  Mountains and discusses the  Neogene r e a c t i v a t i o n  o f  mountain f l ank  
f a u l t s  bounding t h e  east dome o f  t he  U in ta  an t i c1  ine.  The evidence f o r  
Neogene r e a c t i v a t i o n  i s  t h e  t i 1 t i n g  and displacement o f  t he  01 igocene- 
age G i l b e r t  Peak eros ion sur face  and o v e r l y i n g  Bishop conglomerate, 
f i r s t  recognized by Bradley (1936). Hansen (1983, p. 18) concludes t h a t  
t h e  c r e s t  o f  the  east dome has subsided 1570 m (5150 f t )  d u r i n g  the l a t e  
Cenozoic. Th is  subsidence was accommodated on the  nor th  f l a n k  o f  the 
eas t  dome by r e a c t i v a t i o n  o f  the  U i n t a  and Dutch John f a u l t s  w i t h  a 
sense o f  displacement oppos i te  t o  t h a t  o f  Laramide reverse f a u l t i n g  
(Hansen, 1983, f i g .  14).  Th is  c r e s t a l  subsidence i s  mani fested as 



n o r t h e r l y  r o t a t i o n  o f  t h e  G i l b e r t  Peak e ros ion  sur face on t h e  south 
f l a n k  o f  t h e  east dome and was accommodated by r o t a t i o n a l  f a u l t  s l ippage 
and monocl i n a l  f l e x i n g  over t h e  U in ta  Basin f a u l t  (Hansen, 1983, p. 16), 
as we1 1 as Neogene and Quaternary  d i  spl  acernents on reac t i va ted  f a u l t s .  

3.2 S i t e  Geology 

3.2.1 Taskeech Dam and Reservo i r  

The damsite i s  loca ted  on t h e  south- f lowing Lake Fork R ive r  about 10 km 
downstream o f  Moon Lake ( f i g .  3.2) near t h e  physiographic boundary 
between t h e  U in ta  Mountains and U in ta  Basin ( f i g .  1.1). 

3.2.1.1 Geologic S e t t i n g  

The Lake Fork R ive r  has i n c i s e d  moderately south-dipping, success ive ly  
younger Paleozoic and Mesozoic rocks downstream o f  Moon Lake. I n  t he  
v i c i n i t y  o f  t h e  damsi t e ,  g e n t l y  south-d ipp i  ng T e r t i a r y  f l  u v i a l  depos i t s  
o f  t h e  Duchesne R iver  Formation are exposed unconformably o v e r l y i n g  
o l de r  rocks. The present  channel o f  t h e  r i v e r  was formed by me l t  water 
d u r i n g  t h e  l a t e r  stages o f  t h e  l a s t  g l a c i a t i o n ,  bu t  t he  r i v e r  a l so  fo r -  
mer ly  occupied now-abandoned channels t o  t h e  east and west (app. A). 

The foundat ion and abutments o f  t h e  dam and d i k e  w i l l  be l oca ted  
e n t i r e l y  i n  t he  8' t o  10" southeast d ipp ing ,  nor theast  s t r i k i n g  Duchesne 
R iver  Formation, an a l t e r n a t i n g  sequence o f  sandstone, conglomerate, 
mudstone and claystone. The s u r f i c i a l  depos i t s  p resen t l y  o v e r l y i n g  t h e  
founda t ion  cons i s t  o f  a l luv ium,  co l luv ium,  and outwash depos i t s  ranging 
from 0 t o  over 30 m (100 f t )  i n  th ickness.  D r i l l i n g  on t h e  dam ax i s  and 
exposures immediately upstream show t h a t  t h e  Duchesne River  Formation 
o v e r l i e s  t h e  Morr ison o r  Dakota Formations o f  Mesozoic age w i t h  angular 
unconformity.  Th is  e ros iona l  unconformity r i s e s  upstream i n  t he  canyon 
wa l l s ,  bu t  appears ext remely  i r r e g u l a r  w i t h  numerous cu t  and f i l l  chan- 
ne l  s a long t he  con tac t  (USBR, 1964). 

Mesozoic rocks s t r i k i n g  n o r t h  75" t o  80° east,  gene ra l l y  d i pp ing  25' 
t o  35' south, bu t  l o c a l l y  50°, a re  exposed i n  t he  lower  p o r t i o n s  o f  t h e  
canyon w a l l s  upstream o f  t h e  damsite. D r i f t  (outwash and t i 1  1 ) , a1 l u -  
vium, and co l luv ium w i l l  u n d e r l i e  t he  major p o r t i o n  o f  t h e  r ese rvo i r .  

3.2.1.2 F a u l t i n g  

Geologic mapping and a thorough rev iew o f  a e r i a l  photography revealed no 
evidence o f  f a u l t i n g  i n  B u l l  Lake t o  P inedale  age (RAG 5-7; app. A) 
moraines and outwash depos i t s  surrounding Taskeech damsi t e ,  and s t r o n g l y  
suggest f a u l t s  o f  t h i s  age r e l a t e d  t o  t h e  Towanta f l a t s  f a u l t s  
(sec. 4.2.4.) do no t  extend i n t o  t h e  v i c i n i t y  o f  t h e  damsite. Ava i l ab l e  
subsurface data have revealed no evidence o f  f a u l t i n g  i n  t h e  dam foun- 
dat ion.  I f  nor th - t rend ing  f a u l t s  do e x i s t  i n  t he  foundat ion,  
s t r a t i g r a p h i c  p r o j e c t i o n  o f  c o r r e l a t i v e  beds w i t h i n  t h e  C u r t i s  Formation 
across t h e  v a l l e y  immediately upstream o f  t h e  dam ax i s  precludes bedrock 
displacements o f  50 m (160 f t )  o r  more. About 600 m upstream, a high- 



angle east- o r  no r theas t - t rend i  ng contact  between Mor r i  son Formation and 
Duchesne R i v e r  Formation, de f i ned  by d r i l l i n g  and outcrops, i s  suspected 
t o  be a f a u l t .  Fur ther  i n v e s t i g a t i o n  o f  t h i s  f ea tu re  i s  planned f o r  
s p r i n g  1985. The Design Data Report f o r  Taskeech Dam and Reservo i r ,  
scheduled f o r  complet ion e a r l y  i n  1985, should p rov ide  more d e f i n i t i v e  
da ta  about f a u l t i n g  i n  t h e  damsite and rese rvo i r .  

3.2.1.3 Lands l ides 

Several Quaternary  l ands l i des  have been mapped on t he  nor theast  s ide  o f  
t h e  Lake Fork R i ve r  val  l e y  i n  t he  v i c i n i t y  o f  the proposed r e s e r v o i r  
s i t e .  I n  a d d i t i o n  t o  these l a n d s l i d e  masses, an area o f  s lope f a i l u r e  
a long t he  nor theast  margin o f  the  r e s e r v o i r  i s  be l ieved  t o  have moved 
d u r i n g  t h e  earthquake sequence o f  September 30 through October 11, 1977 
(discussed i n  sec t ion  4.2.6.4). 

3.2.2 Upper S t i l l w a t e r  Dam and Reservo i r  

Upper S t i l l w a t e r  Dam and Reservo i r  w i l l  occupy t he  g l ac i a ted  v a l l e y  o f  
sou th - f low ing  Rock Creek i n  t h e  U in ta  Mountains ( f i g .  1.1). The v a l l e y  
a t  t he  damsite i s  approximately 0.8-km (0.5-mi) wide and i n c i s e d  more 
than 600 m (2000 f t )  i n t o  bedrock. 

3.2.2.1 Geologic S e t t i n g  

The Upper S t i l l w a t e r  damsite i s  s i t u a t e d  on t h e  south margin o f  the  wide 
c r e s t  o f  t h e  U in ta  a n t i c l i n a l  arch near t h e  South Flank f a u l t .  Bedrock 
a t  the  damsite i s  t he  lo t o  3' northwest d i pp ing  U in ta  Mountain Group 
c o n s i s t i n g  o f  quartzose sandstones interbedded w i t h  va ry ing  l esse r  
amounts of a r g i l l i t e  o f  upper Precambrian age. Th is  a l t e r n a t i n g  
sequence o f  sandstone and a r g i l l i t e  unde r l i e s  t he  dam foundat ion,  and i s  
exposed along t h e  upper p o r t i o n s  o f  both abutments. Quaternary depos i ts  
o v e r l i e  t h e  bedrock on t h e  f l o o r  o f  the  Rock Creek v a l l e y ;  i s o l a t e d  
bedrock exposures crop out  across t he  v a l l e y  f l o o r  near t he  dam ax is .  

Quaternary  depos i t s  a t  t he  Upper S t i l l w a t e r  damsite have an average 
th ickness  o f  12 m (40 f t )  w i t h  a  maximum th ickness o f  a t  l e a s t  35.7 m 
(117 f t )  , as i nd i ca ted  i n  d r i  11 ho le  DH-102 (USBR, 1978). These 
depos i t s  cons i s t  o f  g l a c i a l  d r i f t ,  t a l u s ,  stream f i l l ,  a l l u v i a l  fan 
depos i t s  , and co l  1  u v i  urn. Tal us depos i ts  have accumulated a1 ong t he  t oe  
o f  both v a l l e y  wal ls .  G lac i a l ,  stream, and a l l u v i a l  fan deposi ts,  
ex tending across t h e  v a l l e y  f l o o r ,  w i l l  u n d e r l i e  t h e  major p o r t i o n  o f  
t h e  reservo i  r . 
3.2.2.2 F a u l t i n g  

The South Flank f au l t ,  a  major s t r u c t u r a l  f ea tu re  t h a t  extends along 
much o f  t h e  south f lank of the  Uin tas,  subparal l e l s  and passes w i t h i n  
approximately 370 m (1200 f t )  o f  t he  dam a x i s  ( f i g .  3.2, p l .  1, 2) .  



This  f a u l t  i s  a genera l ly  east-west- t rendi  ng, h i  gh-angle normal f a u l t  
d ipp ing  t o  t he  south. The damsite and r e s e r v o i r  area are loca ted  on the 
upthrown block t o  the north. A d e t a i l e d  eva lua t ion  o f  t h i s  f a u l t  i s  
presented i n  sec t ion  4.2.3.1. 

The Design Data Report f o r  Upper S t i l  lwa te r  Dam and Reservoi r discusses 
a d d i t i o n a l  f a u l t s  i n  the  v i c i n i t y  o f  the damsite and rese rvo i r  con- 
s i  s t i  ng o f  two sets:  a general l y  north-south-trendi  ng set o r i en ted  
between N. 5' W. t o  N. 10' E., and a second set  t rend ing  N. 30" t o  
35' E. (USBR, 1978). Pre l im inary  geolog ic  maps o f  the excavated dam 
foundat ion i d e n t i f y  s i x  high-angle, nor th-  and nor theas t - t rend i  ng f a u l t s  
i n  the bedrock i n  a d d i t i o n  t o  a low-angle bedding plane f a u l t .  Fur ther  
d e t a i l e d  d iscuss ion o f  these f a u l t s  i s  p resen t l y  ava i l ab le  on ly  i n  
biweekly cons t ruc t ion  geology reports.  Fur ther  excavation and de ta i l ed  
mapping of these f a u l t s  i s  planned f o r  summer 1985. 

3.2.2.3 Landsl ides 

No major lands l ides  have been mapped a t  the damsite or i n  the reservo i r .  

3.3 H i s t o r i c a l  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  about 
1847 when Mormon s e t t l e r s  f i  r s t  moved t o  the  S a l t  Lake C i t y  area. P r i o r  
t o  the 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  the U n i v e r s i t y  o f  Utah 
i n  1907, t he  on ly  l oca tab le  earthquakes were those occur r ing  near popu- 
l a t e d  areas, p r i m a r i l y  along t h e  Wasatch Range f r on t .  Ins t rumenta l  epi-  
cen te r  determinat ions f o r  earthquakes occur r ing  i n  Utah a f t e r  1907 were 
no t  very accurate, however, and f e l t  repor ts  o f  ground shaking were 
r e l i e d  on heav 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  rou t i ne  ep i cen t ra l  
determi na t ions  f o r  moderate-si ze earthquakes (R i ch te r  magnitude, ML, 
g rea te r  than 3) i n  the  In termounta in  area us ing  data from w ide ly  spaced 
reg iona l  seismographs. A s k e l e t a l  statewide network o f  nine s t a t i o n s  
was i n s t a l  1 ed i n  1962 and considerably improved the earthquake l oca t i on  
c a p a b i l i t y  i n  Utah. Inst rumenta l  coverage along t he  now densely popu- 
l a t e d  Wasatch Fron t  was f u r t h e r  augmented i n  1974 when a telemetered 
network o f  h i  gh-gai n seismograph s ta t i ons  was put  i n t o  opera t i  on. 

The f o l l o w i n g  sec t ion  w i l l  d iscuss the occurrence o f  earthquakes f o r  the 
past 130 years i n  Utah on a reg ional  scale. Th is  i s  fo l lowed by a more 
d e t a i l e d  d iscuss ion o f  t he  h i s t o r i c a l  se i sm ic i t y  l o c a l  t o  the Taskeech 
and Upper S t i  1 lwa te r  damsi tes.  F i na l  l y  , avai lab1 e data on foca l  depths 
and foca l  mechanisms f o r  Utah earthquakes w i l l  be discussed. A 
d iscuss ion on earthquake recurrence i s  defer red u n t i l  sect ion 5.6. A l l  
repor ted magnitudes are considered R i ch te r  magnitudes unless spec i f i ed  
otherwise. 



3.3.1 Regional Sei smi c i  t y  

It was no t  u n t i l  about 8 t o  10 years  a f t e r  t he  i n s t a l l a t i o n  o f  the  
s ta tew ide  seismograph network i n  1962, t h a t  a no t i ceab le  pa t t e rn  o f  
earthquake occurrence cou ld  be i d e n t i f i e d  f rom the  apparent ly  random 
d i s t r i b u t i o n  o f  ep icenters  i n  Utah. A s u f f i c i e n t  set  o f  we1 1- located 
ep icen te rs  ex i s t ed  by 1972 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  se i sm ic i t y ,  a t  l e a s t  100 km (62 m i )  wide, roughly  cen- 
t e r e d  along t h e  major nor th-south- t rending 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  smi c i  t y ,  has subsequently been shown t o  approach 200 km 
(124 m i  ) i n w id th  and over 1300 km (800 m i  ) i n length. It extends from 
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  the h ighest  
l e v e l s  o f  earthquake r i s k  i n  t he  cont iguous Uni ted States ou ts ide  
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 he  ISB 
s ince  t h e  mid-1800's, t h e  l a r g e s t  being t he  1959 Hebgen Lake earthquake 
o f  magnitude 7.5 (Smith and Rich ins,  1984). E igh t  o f  the  magnitude 6+ 
earthquakes occurred i n  Utah, and i nc l ude  t h e  1901 magnitude 6.5 
R i c h f i e l d  and 1934 magnitude 6.6 Hansel Val l e y  earthquakes. Table 3.1 
l i s t s  t h e  p e r t i n e n t  data f o r  t h e  15 h i s t o r i c  Utah earthquakes t h a t  have 
magnitudes g rea te r  than o r  equal t o  5.5. The Hansel Val l e y  event i s  the 
on ly  earthquake i n  Utah t h a t  has produced sur face  displacement (0.5 m; 
Shenon, 1936) du r i ng  h i s t o r i c  times. 



Table 3.1. - Largest earthquakes i n  the Utah region, 1850 - 1981+ 

Local date Lat. Long. I. Magnitude Locat ion 
(ON.)  ( O W . )  M L 

1884 Nov. 10 
1887 Dec. 05 
1900 Aug. 01 
1901 Nov. 13 
1902 Nov. 17 
1909 Oct. 05 
1910 May 22 
1914 May 13 
1921 Sep. 29 
1921 Oct. 01 
1934 Mar. 12 
1959 Jul .  21 
1962 Aug. 30 
1966 Aug. 16 
1975 Mar. 27 

Bear Lake Val l e y  
Kanab 
Eureka 
R i  c h f i  e l  d 
Pine Val ley 
Hansel Val l e y  
S a l t  Lake C i t y  
Ogden 
E l  s i  nore 
El s i  nore 
Hansel Val 1 ey ( Kosmo) 
Utah-Ari zona border (Kanab) 
Cache Val 1 ey (Logan) 
Nevada-Utah border 
Idaho-Ut ah border 

(Pocatel  1 o Val 1 ey ) 

* Mod i f ied  from Arabasz and Smi'th, 1979. Table inc ludes earthquakes of 
maximum Mod i f ied  M e r c a l l i  i n t e n s i t y  ( I 0 )  o f  V I I  o r  greater,  o r  R i ch te r  
magnitude 5.5 o r  greater. Magnitudes i n  parenthesis are est imated from 
1,. Aftershocks excluded. 

Epicenters  o f  the  l a rges t  earthquakes (M>4) occu r r i ng  i n  Utah since 1850 
a re  shown together  w i t h  zones o f  major f z u l t i n g  i n  f i g u r e  3.5. The 
d i s t r i b u t i o n  o f  ep icenters  and f a u l t i n g  i nd i ca tes  t he re  i s  a broad, 
north-south zone o f  ongoing c r u s t a l  deformat ion i n  Utah, t h a t  coincides 
w i t h  the t r a n s i t i o n  between t he  Basin and Range physiographic province 
t o  the  west, and the  Colorado Plateau and Middle Rocky Mountains prov- 
i nces t o  the  east. The most prominent f ea 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  the  370-km-long (230-mi) Wasatch f a u l t ,  a 
segmented geol og ic  break a1 ong which young rnountai n blocks have been 
u p l i f t e d  t o  form a steep, west-facing scarp (Arabasz and Smith, 1979). 

Only two o f  the  h i s t o r i c  earthquakes o f  magnitude greater  than 4 are 
suspected o f  occur r ing  d i r e c t l y  on the  Wasatch f a u l t ,  t he  1910 ear th-  
quake (M 5.5) near S a l t  Lake C i t y ,  and t he  1914 event (M 5.5) near Ogden 
(Arabasz and Smith, 1979). There has been, however, abundant and per- 
s i s t e n t  small magnitude a c t i v i t y  associated w i t h  the  Wasatch f a u l t .  
Th is  se i sm ic i t y  has been main ly  concentrated a1 ong s p e c i f i c  sect ions o f  
t h e  f a u l t  t h a t  are separated from each other  by segments o f  n o n a c t i v i t y  
( i  .e., seismic gaps). The great  m a j o r i t y  o f  h i s t o r i c  earthquake a c t i v -  
i t y  w i t h i n  the  ISB i n  cen t ra l  and nor thern Utah has been east and west 
o f  the  Wasatch f a u l t ,  and, i n  general, does not co inc ide  w i t h  known l a t e  
Cenozoic f au l t i ng .  
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Figure 3.5. Epicenter map of the largest historical earthquakes in the 
Utah region, 1850-1978. For coincident epicenters, only the largest 
event i s  shown. Earthquakes of magnitude 5.5 or greater are dated by 
year. Cenozoic faul t s  shown for reference. Taskeech and Upper Sti  11 water 
damsites are indicated by TD and USD, respectively (modified from 
Arabasz and Smith, 1979). 



Since October 1974, reg iona l  ar rays o f  re1 a t i v e l y  dense, high-gain,  
t e l eme t r y  seismograph s t a t i o n s  have been i n s t a l l e d  and operated by t he  
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 associated 
hazards along t h e  Wasatch f a u l t .  The d i s t r i b u t i o n  o f  these shor t  
per iod,  predominately v e r t i c a l  component se i  smograph s ta t i ons ,  as o f  
June 1979, i s  i l l u s t r a t e d  on f i g u r e  3.6. The dashed l i n e  encloses the  
area covered on f i g u r e  3.7, an ep i cen t ra l  map o f  earthquakes recorded by 
t h e  te lemetered 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  we l l  i l l u s t r a t e d  on 
f i g u r e  3.7, as i s  t h e  l ack  o f  a c t i v i t y  w i t h i n  t he  seismic gaps along t he  
Wasatch f a u l t ,  here i n d i c a t e d  by t h e  dashed l i n e s  n o r t h  and south o f  
S a l t  Lake C i ty .  Although concentrated along t h e  Wasatch Front ,  t h e  
seismic network i s  demonstrat ing t h a t  smal l  magnitude and microear th-  
quakes a re  occu r r i ng  i n  o ther  p a r t s  o f  Utah, al though a t  lower ra tes  o f  
a c t i v i t y .  

3.3.2 Local Se i sm ic i t y  

P l a t e  1 i s  an ep i cen t ra l  p l o t  o f  a l l  earthquakes known t o  have occurred 
w i t h i n  t h e  18 700-km2 (7200 mi2) study area ( o u t l i n e d  on f i g .  3.8) 
bounded by 40' t o  41' N. l a t i t u d e ,  109.5' t o  111.5' W. l ong i tude ,  
through December 1981 (Rich ins,  1979; NOAA, 1980; U n i v e r s i t y  o f  Utah, 
1982). Only 43 o f  t h e  205 earthquakes shown, occurred p r i o r  t o  t he  
i n s t a l l a t i o n  o f  t h e  dense seismograph network i n  1974. These ear th -  
quakes a re  i n d i c a t e d  by squares, and a re  general l y  r e s t r i c t e d  t o  t h e  
western p o r t i o n  o f  t h e  map, t h e  area d i r e c t l y  east o f ,  and most e f f ec -  
t i v e l y  covered by, t h e  o n l y  two s t a t i o n s  opera t ing  east o f  t h e  Wasatch 
f a u l t  near t he  study area p r i o r  t o  October 1974. A lso shown i n  p l a t e  1 
are  two o f  t h e  te lemetered s t a t i o n s  i n s t a l l e d  i n  October 1974 by t he  
U n i v e r s i t y  o f  Utah. These s ta t i ons ,  HTU and DAU, have prov ided good 
coverage i n  t h e  back v a l l e y s  o f  t he  Wasatch Mountains, bu t  on ly  l i m i t e d  
coverage i n  t h e  U in ta  Mountains and Basin. 

Add i t i ona l  coverage i n  t h e  extreme eas te rn  p o r t i o n  o f  t he  study area was 
prov ided by s t a t i o n  UBO. Th is  s t a t i o n ,  l o ca ted  near Vernal, Utah, 
operated f o r  an 11-year per iod,  bu t  was c losed i n  1973, a f u l l  year  
be fo re  i n s t a l l a t i o n  o f  t h e  te lemetered ar ray.  

Al though t h e  s t a t i o n  coverage i s  l i m i t e d ,  de tec t i on  th resho lds  high, and 
l o c a t i o n  accuracies poor, i t  i s  apparent from p l a t e  1 t h a t  t h e  reg ion 
east o f  t he  te lemetered a r ray  i s  se ismica l  l y  ac t i ve .  Because t h e  U in ta  
Mountains and Basin are, and have been, a r e l a t i v e l y  unse t t led ,  uninhab- 
i t e d  area, i t  i s  r e a l i s t i c  t o  assume pre-October 1974 earthquake 
occurrence probably e x i s t e d  a t  a l e v e l  comparable t o  post-1974, bu t  went 
unnot iced throughout h i s t o r i c  t imes. 

A b r i e f  i n spec t i on  of p l a t e  1 reveals  t h r e e  areas o f  r e l a t i v e l y  dense 
earthquake occurrence w i  t h i  n a d i  f f u s e  p a t t e r n  o f  s e i s m i c i t y  re1 ated t o  
t h e  back va l l eys  o f  t h e  Wasatch Mountains and ad jo i n i ng  U in ta  Mountains 
and Basin. Closer examination, i n c l u d i n g  temporal data, however, i n d i  - 
cates t h a t  t h e  anomalous s p a t i a l  dens i t y  i n  one area i s  r e l a t e d  t o  an 
earthquake swarm, and i n  t h e  o ther  two areas i s  t h e  r e s u l t  o f  a f t e r -  
shocks of two moderate-size earthquakes. 
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Fiqure 3.6. Locat ion map o f  the  Un ive rs i t y  o f  Utah telemetered seismic 
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f i g u r e  3.7 (Arabasz and others, 1979). 
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Figure 3.7. Epicenter  map of  the Wasatch Front ear thquakes,  October 

1974 t o  June 1978. Seismic gaps along t h e  Wasatch f a u l t  a r e  ou t l ined  
by dashed l i n e s .  Cenozoic f a u l t s  shown f o r  re fe rence  (from Arabasz 
and o t h e r s ,  1979). 
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F igure 3 .8 .  Study area l o c a t i o n  map and Utah earthquakes, October 
'1974 t o  June 1978. Taskeech and Upper S t i l l w a t e r  damsites a r e  
ind ica ted  by TD and USD, r e s p e c t i v e l y  (modif ied from Richins,  1979).  



The ep i cen te r  o f  t h e  l a r g e s t  earthquake (based on ins t rumenta l  data)  
known t o  have occurred w i t h i n  t h e  l i m i t s  o f  p l a t e  1 l i e s  among t h e  dense 
c l u s t e r  o f  earthquakes near 40.5' N. l a t i t u d e ,  110.5' W. l ong i tude .  
Th is  magnitude 4.5 earthquake occurred on September 30, 1977, and was 
fo l lowed by hundreds o f  a f tershocks (Carver and others ,  1981). I n  1950, 
another moderate-size earthquake i s  be l i eved  t o  have occurred i n  t he  
same area. The magnitude est imates f o r  t h i s  event range from 4.3 t o  
5.25. Due t o  t h e  c lose  p r o x i m i t y  o f  t h e  ep icen te rs  t o  t h e  sub jec t  dam- 
s i t e s ,  these earthquakes w i l l  be discussed i n  d e t a i l  l a t e r  i n  t h i s  
sec t ion .  

Three k i lomete rs  ( 2  m i )  east  of Heber C i t y  i s  one area o f  dense ep i -  
cen te r  occurrence. Most o f  these earthquakes have occurred s ince o f  t h e  
R i ch te r  magnitude 4.3 (body-wave magnitude, mb, 4.7) earthquake o f  
October 1, 1972, and t he re fo re ,  a re  probably  a f tershocks o f  t h i s  ear th -  
quake. The main shock produced a maximum i n t e n s i t y  o f  M M I  V I  (Modi f ied 
Merca l l  i I n t e n s i t y )  a t  t h e  town o f  Midway west o f  Heber C i t y ,  and was 
f e l t  over an area o f  6500 km2 (2500 mi2) (Langer and others ,  1979), pro- 
ducing 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 
be ing fo l lowed by another one o f  s l i g h t l y  sma l le r  magnitude approxima- 
t e l y  90 seconds l a t e r .  An a f te rshock  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 af tershocks were l a r g e  enough t o  be 
loca ted  by t h e  n i ne -s ta t i on ,  h igh-ga in  p o r t a b l e  ar ray.  The ep icen te rs  
o f  these we l l - l oca ted  af tershocks ( n o t  shown i n  p l a t e  1 )  c l u s t e r  5 km 
( 3  m i )  east  o f  Heber City i n  a no r t hwes te r l y  t rend.  The focal  depths 
range from 4.9 t o  13.6 km (3.0 t o  8.5 mi ) ,  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 so lu t i on ,  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  northwest, d i pp i ng  64' NE. 
Geologic mapping, however, has no t  revealed f a u l t i n g  i n  t h i s  area 
(Baker, 1959; Bromf ie ld  and others,  1970; Bromf ie ld  and Cr i t tenden ,  
1971: c i t e d  i n  Langer and others ,  1979). 

Approximately 16 km (10 m i  ) nor theast  o f  Heber C i t y  i s  another area of 
r e l a t i v e l y  dense ep i cen 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 dur ing  a 42-hour 
pe r i od  on October 10 and 11, 1975, fo l l owed by f o u r  earthquakes on 
October 26, and two earthquakes on November 2, 1975. The R i c h t e r  
magnitudes o f  a l l  earthquakes i n  t h i s  sequence a re  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 e n d  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 ke earthquake sequence may 
be r e l a t e d  t o  r e a c t i v a t i o n  of t h e  subsurface wes te r l y  extens ion o f  t h a t  
f a u l t  (Langer and others,  1979). 

The t h i r d  area o f  h i gh  ep i cen te r  dens i t y ,  as mentioned e a r l i e r ,  i s  near 
40.5' N. l a t i t u d e ,  110.5O W. l ong i tude .  Th is  i s  t h e  i n s t r u m e n t a l l y  
determined ep icen te r  o f  t h e  earthquake t h a t  occurred January 18, 1950. 
I n t e n s i t y  da ta  i n d i c a t e  o n l y  M M I  I V  ground shaking was repor ted  i n  t h e  
ep i cen t ra l  area; whereas, t h e  g rea tes t  ground shaking repo r t ed l y  



occurred a t  Grand Junct ion,  Colorado, 225 km (140 mi )  t o  t h e  southeast, 
where t h e  maximum M M I  was V. Apparent ly t h i s  discrepancy between ep i -  
cen 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  from a 
combinat ion o f  l o c a l  s i t e  amp1 i f i c a t i o n  and popul a t i o n  concen t ra t ion  i n  
Grand Junct ion.  The magnitude o f  t h i s  earthquake i s  somewhat undeter-  
mined. The maximum i n t e n s i t y  versus magnitude r e l a t i o n  o f  Gutenberg 
and R i ch te r  (1956), ML = 1 + 2/31, y i e l d s  a magnitude es t imate  o f  4.3. 
The magnitude repor ted by t h e  Cal i f o r n i a  I n s t i t u t e  o f  Techno1 ogy, 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  ep i cen t ra l  area, t h e  magnitude es t imate  o f  5.25 appears high. The 
ac tua l  magnitude i s  probably  l e s s  than 5.0, perhaps even l e s s  than 4.5. 
Because t h e  ep icen te r  was repor ted  o n l y  t o  t h e  nearest  h a l f  degree, t h e  
imp l i ed  accuracy i s  about 25 km (16 mi) .  

The r e s t  o f  t h e  earthquakes c l us te red  near t h e  1950 event a re  associated 
w i t h  t h e  September 30, 1977, U in ta  Basin, Utah, earthquake. The USGS 
determined parameters f o r  t h i s  event i n c l u d e  R i ch te r  magnitude 5.1 
(mb = 5.0), foca l  depth 5 km (3.1 m i ) ,  and ep i cen t ra l  l o c a t i o n  4 km 
(2.5 m i )  northwest o f  Taskeech damsite (USGS, 1977). The U n i v e r s i t y  of 
Utah est imated t he  R i c h t e r  magnitude, f oca l  depth, and ep i cen t ra l  loca-  
t i o n  a t  4.5, 7 km (4.4 m i ) ,  and 8 km (5.0 m i )  southwest o f  Taskeech dam- 
s i t e ,  r espec t i ve l y .  Th is  discrepancy i n  repor ted  magnitudes r e s u l t s ,  
apparent ly ,  from the  USGS us ing  seismograms recorded as f a r  away as 
A1 buquerque, New Mexico (A> 700 km (435 m i ) )  t o  compute t h e  magnitude, 
w h 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  reg iona l  array.  
The USGS has r e c e n t l y  recomputed t he  magnitude neg lec t i ng  t h e  extreme 
f a r  f i e l d  data, and now r e p o r t  i t  as M 4.5, 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, o r a l  communication, J u l y  20, 1981). The 
ep i cen te r  o f  t he  main shock i s  i d e n t i f i e d  by year,  and shown a t  t he  
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. 

A f a u l t  p lane s o l u t i o n  was computed f o r  t h e  main shock based on P wave 
f i  r s t  mot ion po l  a r i  t i e s  recorded a t  reg iona l  and t e l  ese i  smic d is tances 
(Carver and others ,  1983). The so l  u t i o n  i n d i c a t e s  normal f a u l t i n g  w i t h  
a small component o f  s t r i k e - s l i p  movement on e i t h e r  a northwest 
t rend ing ,  nor theast  d i pp ing  f a u l t ,  o r  a nor th- t rending,  west d i pp ing  
f a u l t .  Without a d d i t i o n a l  data, i t  i s  no t  poss ib le  t o  determine which 
p lane best  represents t h e  causa t i ve  f a u l t  f o r  t h i s  earthquake. 

F igure  3.9 shows t h e  d i s t r i b u t i o n  o f  repor ted  i n t e n s i t i e s  f o r  t h i s  
earthquake, which was s i m i l a r  t o  t h e  earthquake of January 18, 1950, i n  
t h a t  t h e  maximum ground shaking experienced du r i ng  t h i s  event r epo r t ed l y  
occurred i n  Grand Junct ion,  Colorado (USGS, 1977). Th is  M M I  equal t o  
V I ,  however, 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 he  
ep i cen te r  s i  nce 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  dwel l  i ngs  du r i ng  t h e  i n t e r v a l  between events. The 
o n l y  evidence suppor t ing MMI=VI near t h e  ep icen te r  was repor ted  i n  
Mountain Home, Utah, 10 km ( 6  m i )  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 tar  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 



Figure  3.9. Isoseismal map o f  t he  September 30, 1977 magnitude 4.5 
earthquake near Moon Lake, Utah. Arabic  numerals represent  repor ted  
Mod i f ied  r l e r ca l l  i i n t e n s i t i e s  ( f rom USGS, 1977). 



ground shaking was repor ted  throughout t h e  ep icent  r a l  area i n  con t ras t  
t o  r epo r t s  o f  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 o f  t h i s  earthquake was g rea te r  than t h e  1950 event. 
These data f u r t h e r  support  t h e  assignment o f  a  magnitude l ess  than 5.0 
t o  t he  January 18, 1950 earthquake. 

I n  a  combined e f f o r t ,  t h e  USGS and t h e  UU ( U n i v e r s i t y  o f  Utah) conducted 
an af tershock study from October 1 through October 15, 1972, us ing 12 
h igh-ga in  po r t ab le  seismographs (Carver and others ,  1981). Hundreds o f  
a f te rshocks  were recorded du r i ng  t h e  14-day study, t h e  l a r g e s t  being t h e  
R i c h t e r  magnitude 4.0 earthquake o f  October 11. Epicenters  o f  the  
l a r g e r  a f 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- 
l o g  (Rich ins,  1979), are  shown i n  p l a t e  1. This  data set  inc ludes  a l l  
ep icen te rs  c l us te red  near t h e  January 18, 1950, and September 30, 1977, 
events, as w e l l  as t h e  n i ne  events l oca ted  west o f  110.5' W. l ong i tude ,  
here i n d i c a t e d  by open c i r c l e s .  

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  
from cons ider ing  on ly  t h e  ep icen te r  p l o t  w i t hou t  no t i ng  t he  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  1 a t i o n  o f  t he  
p o r t a b l e  array.  A1 1  open c i r c l 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 he  l o c a l  s t a t i ons ,  o r  
a f t e r  t h e  a f tershock study was terminated on October 15. The s o l u t i o n  
q u a l i t y  o f  these ep i cen te r  determinat ions,  as l i s t e d  i n  t h e  earthquake 
cata log,  i s  genera l l y  poor, and r e s u l t s  from 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 he  west o f  t h e  e p i c e n t r a l  area, t h e  s o l u t i o n s  a re  biased i n  
t h i s  d i  rec t ion .  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  a  systemat ic  m i s l oca t i on  o f  t h e  
ep i cen te r  t o  t h e  west toward t he  po in t s  o f  observat ion (i.e., t he  
seismograph 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 n d i c a t e d  by t h e  c l u s t e r i n g  o f  s o l i d  c i r c l e  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 study, 
and a re  shown a t  t h e  l o c a t i o n s  computed by t he  U n i v e r s i t y  o f  Utah from 
data recorded by t h e  t e l eme t r y  network, supplemented by data from t h e  
l o c a l  temporary array.  The 1  i s t e d  l o c a t i o n  qua1 i t i e s  are gene ra l l y  
exce l l en t  f o r  these s o l i d  c i r c l e  events. The p o s s i b i l i t y  e x i s t s  t h a t  
t h e  open c i r c l e  earthquakes a re  near t h e i r  t r u e  l oca t i ons ,  and thus not  
assoc ia ted w i t h  t h e  a f te rshock  sequence. However, t h e  aforementioned 
evidence suggests they a re  m i  s l  ocated af tershocks.  This, i n  tu rn ,  
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  a lone would i nd i ca te .  

The recen t l y  publ ished r e s u l t s  o f  t h e  a f te rshock  study i n d i c a t e  t h a t  t h e  
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 rend ing  normal f a u l t ,  
d i p p i n g  about 45' E. (Carver and others ,  1983). These conclusions are 
based on composite f a u l t  p lane so lu t i ons  f rom P wave f i r s t  mot ion pat -  
t e r n s  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 h e  l a r g e r  
microearthquake af tershocks recorded du r i ng  t h e  study. Th is  no r t h  t o  
nor theas t  t r end  determined from t h e  microearthquake data i s  i n  con t ras t  



w i t h  t h e  nor thwes te r l y  t r e n d  determined from t h e  s i n g l e  event s o l u t i o n  
f o r  t h e  main shock. A s i n g l e  event f a u l t  p lane s o l u t i o n  was a l so  com- 
puted f o r  t h e  l a r g e s t  a f tershock,  t h e  magnitude 4.0 earthquake t h a t  
occurred on October 11, 1977. The s o l u t i o n  f o r  t h i s  earthquake was very 
s i m i l a r  t o  t he  s o l u t i o n  f o r  t h e  main shock, i n  t h a t  t he  f oca l  mechanism 
i nd ica tes  predomi n a n t l y  normal f a u l t i n g  w i t h  one nodal p lane t r end ing  
N. 55' W., d ipp ing  50' NE. No exp lana t ion  was o f f e r e d  by Carver and 
o thers  (1983) as t o  why t h e  computed f a u l t  p lane so lu t i ons  f o r  t h e  
l a r g e r  events do no t  agree more c l o s e l y  w i t h  t h e  so lu t i ons  computed f o r  
t h e  microearthquakes. I n  add i t i on ,  no d e f i n i t i v e  assoc ia t i on  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 epo r t  o f  t h i s  earthquake i n  "Survey Notes," pub l ished by t h e  Utah 
Geolog ica l  and Minera l  Survey (UGMS, 1977), i n d i c a t e d  t he  September 30, 
1977, earthquake occurred a long 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 from t h e  U in ta  Mountains, ( t h a t )  
s t r i k e s  N. 70' E. a long t h e  south f l a n k  o f  t h e  mountains and extends out 
i n t o  t h e  bas in  t o  t he  south. This zone apparent ly  r e f l e c t s  an anc ient ,  
deep-seated rup tu re  o f  t h e  e a r t h ' s  c r u s t  t h a t  can be t raced  from near 
t h e  nor theast  corner  o f  Utah near l y  t o  t h e  Nevada S ta te  l i n e .  This 
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 h e  Uintas and i s  apparent ly  s t i l l  
a c t i v e  t o  some extent."  The assoc ia t i on  o f  t h e  September 30, 1977, 
earthquake w i t h  t h e  N. 70' E. t r e n d i n g  "Towanta Lineament" i s  incon- 
s i s t e n t  w i t h  t h e  USGSIUU-determined f a u l t  o r i e n t a t i o n  based on 
a f te rshock  data, and w i t h  t h e  r e s u l t s  o f  microseismic i n v e s t i g a t i o n s  con- 
ducted as p a r t  o f  t h i s  s tudy (sec. 4.1). Thus, t h i s  earthquake i s  prob- 
ab l y  no t  r e l a t e d  t o  t he  "Towanta Lineament." 

3.3.3 Earthquake Focal Depths 

O f  t h e  t h ree  hypocentral  parameters ca l cu l a ted  du r i ng  t h e  earthquake 
l o c a t i o n  process, t h e  f oca l  depth i s  u s u a l l y  t h e  l e a s t  accura te ly  
determined coordinate.  F o l l  owing t he  i n s t a l  1  a t i o n  o f  t h e  t e l  emetered 
a r ray ,  t h e  s t a t i s t i c a l  e r r o r  i n  computing ep icen te rs  f o r  earthquakes 
occu r r i ng  i n  t h e  Wasatch Front  reg ion  decreased from 5 km ( 3  m i )  t o  
1 t o  2  km (0.6 t o  1.2 mi ) .  The focal  depth e r r o r ,  however, can s t i l l  
exceed 5  km (3 mi )  depending on t h e  s i z e  and l o c a t i o n  o f  t h e  ear th -  
quake. Only when t h e  ep i cen te r  o f  an earthquake i s  w i t h i n  a  f oca 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 he  
computed depth t o  t h e  hypocenter. I n  Utah, i n c l u d i n g  east o f  t h e  
Wasatch f a u l t  , almost a1 1  we1 1  -const ra ined f oca l  depths a re  l ess  than 
20 km (12 m i  ) , and 90 percent  are sha l lower  than 10 km ( 6  m i  ) (Smith and 
Arabasz, 1979). Focal depths tend t o  f o l l o w  a  bimodal d i s t r i b u t i o n ,  
w i t h  c l u s t e r i n g  a t  1 t o  2 km (0.6 t o  1.2 m i ) ,  and 7  t o  8  km (4.4 t o  
5.0 m i ) .  Mean f oca l  depths f o r  earthquakes occu r r i ng  along t h e  Wasatch 
Fron t  a re  between 5.3 and 6.2 km (3.3 and 3.9 mi ) .  The g rea t  m a j o r i t y  
o f  t h e  earthquakes inc luded  i n  t h i s  data set ,  however, a re  i n  t h e  magni- 
tude  range 0  t o  3. Larger  magnitude events can usua l l y  be expected t o  
occur a  few k i lomete rs  deeper. 



3.3.4 Earthquake Focal Mechanisms 

Focal mechanism so lu t i ons  have been computed by var ious i n v e s t i g a t o r s  
f o r  both composite and s i n g l e  earthquakes a t  se lected l o c a t i o n s  
throughout Utah (Smith and Lindh, 1978; Arabasz and others,  1979). 
F i gu re  3.10 i s  a schematic represen ta t ion  o f  these s t ress  i n d i c a t o r s ,  
and inc ludes  the  f a u l t  p lane s o l u t i o n  computed f o r  the  1977 mic roear th -  
quake af tershocks (Carver and others,  1983). Most so l u t i ons  i n d i c a t e  
t h e  s t r ess  regime w i t h i n  t h e  ISB i n  Utah i s  dominated by east-west 
extension, w i t h  s t r ess  re lease occu r r i ng  a1 ong genera l l y  nor th- t rending,  
h i  gh-angl e normal f a u l t s .  Maximum compressive s t ress  axes (P-axes) a re  
near v e r t i c a l .  The l e a s t  compressive s t r ess  axes (T-axes) a re  hor izon-  
t a l ,  va ry  from west-southwest east -nor theast  t o  west-northwest east-  
southeast, and r e f 1  e c t  Bas in  and Range s ty1  e east-west extens ional  
tectonism. Th is  r o t a t i o n  o f  s t ress  axes may be due t o  s t ress  re lease on 
o l d e 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  se t t i ng .  

Th is  simp1 e reg iona l  p a t t e r n  o f  east-west extension i s  compl i c a t e d  
nor theas t  of Provo near Heber C i t y  where, i n  two areas, composite foca l  
mechanism 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  the  Colorado 
Plateau (near Pr ice) .  The east-west- t rendi  ng Ui n t a  Mountains i n t e r s e c t  
t h e  nor th-south- t rendi  ng Wasatch Mountai ns a t  t h i s  loca t ion ,  however, 
and t h i s  observed apparent reverse f a u l t i n g  may be t he  man i f es ta t i on  o f  
reg iona l  east-west extens ion upon a l o c a l l y  complex s t r u c t u r a l  t r an -  
s i t i o n .  

I n  con t ras t  t o  t he  predominant ly normal f a u l t i n g  i n  the  Great Basin and 
t h e  reverse f a u l t i n g  i n  t h e  Colorado Plateau i n t e r i o r ,  s t r i  ke-sl  i p  
f a u l t i n g  i s  occu r r i ng  south o f  t he  U in ta  Mountains i n  northwestern 
Colorado. The focal mechanism shown i n  f i g u r e  3.10 east o f  t he  
Col orado-Utah border i n d i c a t e s  t h a t  t he  l e a s t  p r i n c i p l e  s t ress  d i  r e c t i o n  
i s  near l y  north-south i n  t h e  Rangely, Colorado area (Zoback and Zoback, 
1980). Th is  i s  r ep resen ta t i ve  of a major change i n  t he  s t a t e  o f  contem- 
pora ry  c r u s t a l  s t ress  120 km (75 m i )  eas t  o f  t he  Taskeech damsite area. 

3.4 Neotectoni cs  

3.4.1 Crus ta l  S t r uc tu re  

Two r e f r a c t i o n  p r o f i l e s  conducted across t h e  Wasatch Front ,  bo th  no r t h  
and south of S a l t  Lake City, i n d i c a t e  t h a t  a major change i n  c r u s t a l  
s t r u c t u r e  occurs cons iderab ly  east o f  t h e  dominant physiographic bound- 
a r y  marked by t he  Wasatch f a u l t .  The nor thern  l i n e  was 340 km (210 m i  ) 
l o n g  and extended i n t o  t h e  Midd le  Rocky Mountains province. The data 



Figure 3.10. Schematic sumary o f  f a u l t  plane so lu t ions  ( lower 
hemi sphere pro jec t ions)  f o r  the  Utah region. Compressional 
quadrants are shaded. Trends o f  T-axes are shown by heavy 
arrows. Hachured zones show sample areas f o r  composite so l -  
u t ions .  Cenozoic f a u l t s  shown f o r  reference (modif ied from 
Arabasz and others, 1979). 



f rom t h i s  l i n e  i n d i c a t e  t h e  c r u s t a l  th i ckness  o f  28 km (17 m i )  and Pn 
v e l o c i t y  o f  7.6 km (4.7 m i )  per second i n  t h e  eastern Basin and Range 
inc rease  t o  40 km (25 m i )  and 8.0 km (5.0 m i )  per second, r espec t i ve l y ,  
beg inn ing about 40 km (25 m i )  east o f  t h e  Wasatch f a u l t  ( B r a i l e  and 
others ,  1974). The southern r e f r a c t i o n  1  i n e  was 245 km (152 mi )  long, 
and extended 50 km (31  m i )  i n t o  t h e  Colorado Plateau. The da ta  from 
t h i s  l i n e  show t h a t ,  a long t h e  e n t i r e  l i n e ,  t h e  c r u s t a l  s t r u c t u r e  i s  
charac te r i zed  by a  25-km (15.5-mi) t h i c k  c r u s t  and low, about 7.5 km 
(4.7 m i )  per second, Pn v e l o c i t i e s  ( K e l l e r  and others ,  1975). The 
authors  i n f e r r e d  t h e  low Pn v e l o c i t i e s  t o  be t h e  r e s u l t  of a  mant le 
upwarp, approximately centered beneath t h e  Wasatch Mountains, t h e  
eastern ex ten t  o f  which i s  unknown. 

Both se ts  o f  r e f r a c t i o n  data a l so  i n d i c a t e  t h e  presence o f  a  P wave LVL 
( l o w  v e l o c i t y  l a y e r )  i n  t h e  approximate depth range o f  8  t o  15 km ( 5  t o  
9  m i )  w i t h i n  t h i s  t r a n s i t i o n  zone. Th is  depth range i s  co i nc i den t  w i t h  
a  marked decrease i n  t h e  dens i t y  d i s t r i b u t i o n  o f  hypocenters of ea r th -  
quakes occu r r i ng  i n  t he  Wasatch Front  reg ion.  Shurbert  and Cebull 
(1971) propose t h a t  an LVL could  be a  zone o f  low r i g i d i t y  capable o f  
accommodating t h e  l a r g e  Cenozoic b lock  f a u l t i n g  occur r ing  i n  t he  Great 
Basin. The r e f r a c t i o n  da ta  o f  B r a i l e  and o thers  (1974) i n d i c a t e  t he  LVL 
i n  t h e  t r a n s i t i o n  zone i s  a  reg ion  o f  low r i g i d i t y ,  as evidenced by a  
h i gh  Poisson r a t i o  (0.29). The ex is tence  o f  t h i s  LVL west o f  t h e  
Wasatch f a u l t  was suggested by prev ious r e f r a c t i o n  surveys i n  t h e  
eas te rn  Basin and Range (Muel l e r  and Muel l e r ,  1972; Mue l le r  and 
Landisman, 1971). The e x i s t i n g  r e f r a c t i o n  data a re  i n s u f f i c i e n t  t o  
i n d i c a t e  t he  eastern l i m i t  o f  t h i s  c r u s t a l  low v e l o c i t y  l aye r .  

I n  general ,  t h e  Colorado Plateau i s  charac te r i zed  by low heat f low,  
about 1.5 HFU, which i s  i n t e rmed ia te  between average values f o r  t h e  
Great P la i ns  (1.1 HFU) and t h e  Great Basin (2.1 HFU) (Thompson and 
Zoback, 1979). Recent heat f l ow  measurements i n d i c a t e  t h a t  t he  Colorado 
Pla teau can be subdiv ided i n t o  a  low heat f l o w  "thermal i n t e r i o r "  
surrounded by a  per iphery  up t o  100 km (62 m i )  wide, having substan- 
t i a l l y  h igher  heat f low.  Bodel l  and Chapman (1982) r epo r t  t h a t  heat 
f l o w  values o f  about 2.1 HFU have been measured i n  nor th-south bands 
w i t h i n  t h e  Colorado Pla teau as much as 80 km (50 m i )  east o f  t h e  Wasatch 
f a u l t .  They i n t e r p r e t  these data t o  be i n d i c a t i v e  o f  l a t e r a l  warming 
and weakening o f  t h e  Colorado Plateau l i t h o s p h e r e  i n i t i a t e d  a t  t he  Basin 
and Range boundary about 20 m i l l i o n  years ago. The p o s i t i o n  o f  t h e  
boundary between t he  per iphery  and t h e  "thermal i n t e r i o r "  i s  cons is ten t  
w i t h  t h e  change i n  c r u s t a l  s t r u c t u r e  i n f e r r e d  from t h e  seismic 
r e f r a c t i o n  data. 

3.4.2 Basin and Range T r a n s i t i o n  Zone 

Publ ished seismotectonic maps i n d i c a t e  t h a t  i n  Utah, l a t e  Quaternary  
su r face  rup tu re  has occurred on general l y  nor th-sout  h - t  r end i  ng normal 
f a u l t s  (see, e.g., Anderson and M i l l e r ,  1979; Nakata and others,  1982). 
La te  Quaternary normal f a u l t s  bound most o f  t h e  ranges i n  t h e  eastern 
Basin and Range physiographic province, west o f  t h e  Wasatch f a u l t  i n  
c e n t r a l  Utah. East o f  t h e  Wasatch fau.lt ,  i n  t he  Basin and Range 



t r a n s i t i o n  zone, 1 a t e  Quaternary normal f a u l t s  a1 so occur, a1 though i n  
c e n t r a l  Utah they are s i g n i f i c a n t l y  fewer i n  number than t o  the  west. 

De ta i l ed  i nves t i ga t i ons  o f  the Wasatch f a u l t  have shown t h a t  the l a t e  
Quaternary s l i p  r a t e  i s  about 1 mn/yr (0.039 i n / y r )  (see, e.g., Swan and 
others,  1980; Hanson and others,  1981; t a b l e  6). Late Quaternary f a u l t s  
east o f  t he  Wasatch f a u l t  have s l i p  ra tes  o f  about 0.1 mmlyr 
(0.0039 i n / y r )  o r  l ess  (see Swan and others, 1983; Nelson and Mar t in ,  
1982; Sul 1 i van and others,  i n  preparat ion) ,  suggesting t h a t  s l i p  ra tes 
a1 so dimi n i  sh east o f  the Wasatch f a u l t .  

The most se i sm ica l l y  a c t i v e  p o r t i o n  o f  the  ISB i n  cen t ra l  and northern 
Utah i s  t h e  area east o f  t he  Wasatch fau l t .  Although foca l  mechanisms 
(sec. 3.3.4) suggest t h a t  earthquakes here occur predominately on nor th-  
t r end ing  normal f a u l t s ,  they show 1 i t t l e  s p a t i a l  c o r r e l a t i o n  w i t h  mapped 
1 a t e  Quaternary surface f a u l t s .  Aftershocks o f  two we1 1 s tud i  ed events, 
t h e  October 1, 1972, Heber C i t y  and September 30, 1977, U in ta  Basin 
earthquakes, apparent ly  occurred on f a u l t s  l a c k i n g  surface expression. 
Thus, t he  r e l a t i o n s h i p  of h i s t o r i c a l  earthquakes and pa t te rns  o f  surface 
f a u l t i n g  i n  the Basin and Range t r a n s i t i o n  zone remains enigmatic. 
Apparent ly east-west extens ional  stresses, superimposed on complex sub- 
sur face f a u l t  pat terns,  r e s u l t  i n  moderate magnitude earthquake 
occurrence on subsurface f a u l t s  o r  " b l i n d  structures."  

3.4.3 Colorado Plateau 

The i n t e r i o r  o f  the  Colorado Plateau s t ress  prov ince i s  character ized by 
NNE-SSW 1 east p r i n c i p l e  s t r ess  d i r e c t i o n ,  perpendicu lar  t o  l e a s t  p r i n -  
c i p l e  s t r ess  d i r e c t i o n s  i n  the  adjacent Basin and Range t r a n s i t i o n  zone 
t o  the  west (Zoback and Zoback, 1980). These conclusions are based on 
i n  s i t u  s t ress  measurements and earthquake focal mechanisms ( a l s o  see 
sec. 3.3.4). This change occurs over a zone less  than 50 km (30 m i  ) 
wide (Zoback and Zoback, 1980). The l e v e l  of h i s t o r i c a l  earthquake 
a c t i v i t y  i n  the i n t e r i o r  o f  the  Colorado Plateau province i s  low. 
F a u l t i n g  and f o l d i n g  w i t h i n  t h i s  province are genera l l y  considered 
Laramide or e a r l y  Cenozoic i n  age; t he re  i s  no publ ished evidence o f  
l a t e  Cenozoic t e c t o n i c  deformation. However, Hansen (1983) documents 
1 a te  Cenozoic r e a c t i v a t i o n  o f  f a u l t s  on t he  nor th  and south f lanks  o f  
t h e  U in ta  Mountains, and Anderson and M i l l e r  (1979) show "suspected" 
Quaternary f a u l t s  on t he  south f l ank  o f  the  eastern U in ta  Mountains. 



4. Seismotectonic I nves t i ga t i ons  

This  sec t ion  describes geolog ic  and se i  smologic s tud ies conducted f o r  
t h e  purpose o f  assessing p o t e n t i a l  seismic hazards t o  the proposed 
Taskeech and Upper S t i l l w a t e r  Dams. Studies f o r  each dam were conducted 
concur ren t l y  due t o  the p rox im i t y  of the dams, and t h e i r  s imi 1ar  t ec ton i c  
se t t ings .  The geologic i nves t i ga t i ons  were i n i t i a t e d  i n  Ju l y  1979 and 
compl e ted  i n  October 1980. A 6-month microsei  smi c moni t o r i  ng program 
was a1 so conducted dur ing  1980. Resul ts  o f  these s tud ies,  combined w i t h  
cu r ren t  understanding o f  reg ional  earthquake occurrence and tec ton ics ,  
formed the  basis f o r  an i n teg ra ted  eva lua t ion  o f  the earthquake poten- 
t i a l  i n  t he  p r o j e c t  areas. 

4.1 M i  c rose i  smic I nves t i ga t i ons  

M i  c rose i  smi c moni t o r i  ng o f  the area surrounding Taskeech and Upper 
S t i l l w a t e r  damsites commenced dur ing  the  f i r s t  week o f  May 1980 w i t h  the 
i n s t a l l a t i o n  o f  t h ree  Sprengnether MEQ 800 smoked-paper seismographs. 
Three more instruments were operat ional  by May 19, and a seventh s ta -  
t i o n  was i n s t a l l e d  Ju ly  ll. Four add i t i ona l  seismographs were put i n t o  
opera t ion  a t  the end o f  August, and a t w e l f t h  s t a t i o n  was added t o  the 
ne t  on September 25, 1980. The microsei  smic array, encompassing 
approximately 660 km2 (255 miz ) ,  operated cont inuously  u n t i l  te rmina t ion  
on November 1, 1980. For more in fo rmat ion  regard ing the  f i e l d  opera- 
t ions and methods used, see appendix D. 

Dur ing t he  6-month study, more than 100 events o r i g i n a t i n g  w i t h i n ,  o r  
very near t he  boundary o f  t he  array, were detected on a t  l e a s t  one 
seismograph s ta t ion .  E i  ghty-e i  ght  o f  these earthquakes were o f  suf - 
f i c i e n t  magnitude t o  be l oca tab le  us ing HYP071, a computer program 
developed by the  USGS, and designed t o  compute the hypocenter o f  l oca l  
earthquakes recorded on t h ree  o r  more s t a t i o n s  (Lee and Lahr, 1975). 
Spec i f i c  event in fo rmat ion  i s  cataloged i n  t a b l e  4.1. The estimated 
R i ch te r  magnitudes o f  most earthquakes were i n  the  range 1 t o  2, w i t h  
severa l  events perhaps as l a r g e  as 2.5. Several s t a t i ons  operated by 
t h e  Un i ve rs i t y  o f  Utah east o f  the  Wasatch Fron t  were usefu l  i n  pro- 
v i d i n g  a r r i v a l  t imes f o r  earthquakes occur r ing  west o f  the  Bureau's net. 

The ep icenters  o f  earthquakes recorded and loca ted  dur ing  t h i s  study can 
be s p a t i a l l y  d i v i ded  i n t o  f o u r  groups: Bear Wallow events, suspected 
South Flank f a u l t  events, southwest events, and random events. 

4.1.1 Bear Wallow Earthquakes 

The Bear Wallow group cons is ts  o f  61 microearthquakes located w i t h i n  an 
area o f  approximately 35 km2 (13.5 miz ) ,  centered about 5 km (3 m i )  
west-southwest of Taskeech damsite (p l .  2). This corresponds t o  the 
ep i cen t ra l  area o f  the  September 30, 1977, magnitude 4.5 earthquake. 

The spa t i  a1 d i s t r i b u t i o n  o f  ep icenters  i nd i ca tes  the a c t i v e  p o r t i o n  o f  
t h i s  i n f e r r e d  f a u l t ,  h e r e i n a f t e r  i n f o rma l l y  r e f e r r e d  t o  as the  Bear 
Wallow f a u l t ,  i s  between 6 and 10 km (3.7 and 6.2 m i )  i n  length. The 
f oca l  depths ranged from 3 t o  9 km (1.9 t o  5.6 mi) .  



Table 4.1. - Catalog o f  1980 microearthquakes 
- - - ~  

I D  YR DATE OR IG TIME LAT-N LONG-W DEPTH MAG NO GAP DM N RMS Q 



Table 4.1. - Catalog o f  1980 microearthquakes (cont .) 

I D  Y R DATE ORIG TIME LAT-N LONG-W DEPTH MAG NO GAP DM N RMS Q 



Tab1 e 4.1. - Catalog o f  1980 microearthquakes (cont .) 

I D  YR DATE OH I G  TIME LAT-N LONG-W DEPTH MAG NO GA P DM N RMS Q 



Table 4.1. - Catalog o f  1980 M i  croearthquakes (cont  .) 

ID  YR DATE O H I G  TIME LAT-N LONG-W DEPTH MAG NO GAP DM N RMS Q 

Explanat ion o f  Headings f o r  Table 4.1. 

ID - I d e n t i f i c a t i o n  number o f  earthquake 
YR - Year 
DATE - Data of earthquake occurrence, month and day 
O R I G  TIME - O r i g i n  t ime of earthquake, CAT, i n  hours, minutes, and seconds 
LAT-N - North l a t i t u d e  i n  degrees and minutes 
LONG-W - West l ong i t ude  i n  degrees and minutes 
DEPTH - Focal depth i n  k i lometers  
MAG - Durat ion magnitude 
NO - Number o f  P and S a r r i v a l  t imes used i n  t he  s o l u t i o n  
GAP - Largest azimuthal  separat ion i n  degrees between record ing s ta t i ons  

used i n  t h e  s o l u t i o n  
DMN - Ep icen t ra l  d is tance  i n  k i lometers  t o  t he  c l oses t  s t a t i o n  
RMS - Root-mean-square e r r o r  i n  seconds o f  the  t r ave l - t ime  res idua ls  
Q - Qual i ty c l ass  o f  the  hypocenter where Q i s  the average o f  S and D 

de f ined  as f o l  1 ows : 

S - RMS - ERH - ERZ - 

D - NO - GAP - DM N - 

A > 6 - - <90° < DEPTH o r  5 km - 
B >6 - <135" < 2x DEPTH o r  5 km 
C 

- 
>6 - 7180 o - < 50 km - 

D < 6 - 



Several composite foca l  p lane sol  u t i ons ,  a1 1  i n d i c a t i n g  normal f a u l t i n g ,  
were computed f o r  se lected groups o f  microearthquakes based on t he  
d i s t r i b u t i o n  o f  f i r s t  mot ion p o l a r i t i e s  d isp layed  on lower  hemisphere, 
equal area p r o j e c t i o n  s te reo  nets. The so lu t i ons  shown on f i gu res  4.1 
and 4.2 a re  v a r i a t i o n s  on t h e  same se t  o f  17 events, and i l l u s t r a t e  t he  
1  i m i t s  on r e s o l u t i o n  inheren t  i n  t h e  method. The s o l u t i o n  shown i n  
f i g u r e  4.3 i s  from a  d i f f e r e n t  group o f  16 earthquakes i n d i c a t i n g  the  
dependent na tu re  o f  event s e l e c t i o n  on t h e  computed so lu t i on .  

Each s tereographic  p r o j e c t i o n  de f i nes  two orthoganal  p l  anar surfaces. 
Assuming t h e  earthquake source mechanism can be modeled as a  s imple 
doubl e  coup1 e  w i thou t  moment, movement on e i t h e r  sur face could  have pro- 
duced t h e  observed f i r s t  mot ion d i s t r i b u t i o n .  I n  r ea l  i t y ,  however, on l y  
one p lane i s  t h e  f a u l t  plane. The o the r  p lane i s  r e f e r r e d  t o  as t he  
nodal plane. It i s  no t  poss ib l e  t o  d i s t i n g u i s h  between t h e  two unless 
a d d i t i o n a l  data, u s u a l l y  geolog ic ,  a re  ava i l ab l e .  I n  t he  absence o f  
geo log ic  data, and w i t h  we l l - l o ca ted  events, i t  i s  sometimes poss ib le  t o  
e l i m i n a t e  one o f  t he  choices by f i t t i n g  a  plane t o  t he  d i s t r i b u t i o n  o f  
hypocenters us ing the  method of  l e a s t  squares. The Bear Wallow events  
a re  found t o  c l u s t e r  along a  nor th - t rend ing  plane t h a t  d ips  35' t o  40' 
east .  F igure  4.4 i s  a  p r o j e c t i o n  o f  t h e  hypocenters o f  t h e  b e t t e r -  
l o ca ted  earthquakes onto an east-west v e r t i c a l  plane. The da ta  set  
i nc l udes  o n l y  earthquakes recorded on, e i g h t  o r  more seismographs and a re  
i d e n t i f i e d  by event number. The ho r i zon ta l  d i s tance  i s  t h e  perpen- 
d i c u l a r  d is tance  from t h e  ep icen te rs  t o  t h e  nor th-south l i n e  a t  110.5' W 
l ong i tude .  Th is  depth sec t i on  shows t h e  da ta  best f i t ,  i n  terms o f  
1  east squares, a  plane d i pp ing  about 40° east. Thus, t h e  assumed f a u l t  
p lanes on f i g u r e s  4.1, 4.2, and 4.3 a re  t h e  nor theast  t o  east  d i pp ing  
surfaces, and t h e  west t o  southwest d i pp ing  surfaces a re  t h e  nodal 
planes. Consider ing a l l  t he  data,  t h e  s o l u t i o n  shown on f i g u r e  4.2, 
N 5" E, 34' E, i s  t h e  most probable o r i e n t a t i o n  o f  t h e  Bear Wallow 
f a u l t ,  a l though t h e  d i p  may be underest imated by 5" t o  10'. 

F a u l t  p lane so lu t i ons  and depth sec t ions  computed by t h e  USGS f o r  
a f te rshocks  o f  t h e  September 30, 1977 earthquake d e f i n e  a  nor th -  t o  
nor th -nor theas t - t rend ing  normal f a u l t ,  d i pp i ng  about 45' E. (Carver and 
others,  1981). F a u l t  geometry de f ined  by data c o l l e c t e d  du r i ng  t he  pre- 
sent  s tudy a re  cons i s t en t  w i t h  USGS conclusions, thus i n d i c a t i n g  t h e  
c u r r e n t  s t r ess  f i e l d  i n  t h e  Bear Wallow area has no t  changed s i g n i f i -  
c a n t l y  i n  t h e  3  years  f o l l o w i n g  t h e  September 30, 1977 earthquake. Th is  
suggests one o f  two poss ib l e  conc lus ions regard ing s e i s m i c i t y  i n  t he  
Bear Wallow region. The f i r s t  i s  t h a t  t h e  microearthquake a c t i v i t y  
recorded du r i ng  t he  1980 study cons i s t s  o f  con t i nu i ng  af tershocks o f  t h e  
1977 main shock, and, t he re fo re ,  p rov ide  l i t t l e  i n f o rma t i on  about t he  
normal l e v e l  o f  s e i s m i c i t y  i n  t h e  area. The second p o s s i b i l i t y  i s  t h a t  
t h e  r a t e  o f  s e i s m i c i t y  i n  t h e  Bear Wallow area, as de f ined  by t h i s  
study, about one earthquake occu r r i ng  every 2  days, represents t h e  
actua l  l e v e l  o f  s e i s m i c i t y ,  and went unnot iced du r i ng  h i s t o r i c  t imes due 
t o  a  l a c k  o f  i ns t rumenta t ion  i n  t h e  region. The f a u l t  geometry and spa- 
t i a l  d i s t r i b u t i o n  o f  hypocenters i n d i c a t e  t h e  a c t i v e  p o r t i o n  o f  t h e  
f a u l t  p lane encompasses an area o f  about 79 km2 (30 mi2).  Th is  est imate 
may represent t he  upper l i m i t  on f a u l t  dimensions. However, cons ider ing 



Figure  4.1. Composite f oca l  mechanism s o l u t i o n  !4o. 1 f o r  1930 Bear 
LJallow earthquakes No. 58-63, 73, 74, 79-37. F i r s t  mot ion p o l a r i t i e s  
p l o t t e d  on lower hemisphere, equal area p ro jec t i on .  P and T i n d i c a t e  
compressional and tens iona l  axes, r espec t i ve l y .  
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Figure 4.2. Composite focal mechanism solution No. 2 for 1980 Bear 
Wallow earthquakes No. 58-63, 73, 74, 79-87. First motion polarities 
plotted on lower hemisphere, equal area projection. P and T indicate 
compressional and tensional axes, respectively. 
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F igure  4 .3 .  Composite foca l  mechanism so lu t ion  f o r  Bear Wallow 
earthquakes No. 15, 21, 24, 42, 48, 49, 51, 53, 55, 57, 64, 66, 71,  
75 ,  76,  and 77.  F i r s t  motion p o l a r i t i e s  p l o t t e d  on lower hemisphere, 
equal area p r o j e c t i o n .  P and T i n d i c a t e  compressional and tensional  
axes, respect ive ly .  



D I S T A N C E  ( k m )  F R O M  N O R T H  - S O U T H  L I N E  AT  WEST LONGITUDE 110° 3 0 '  

Figure 4.4. East-west hypocentral cross sec t ion  ( A - A '  ) o f  selected Bear Wallow 
events . 



t h e  p o s s i b i l i t y  t h a t  t he  earthquake occurrence i s  a f tershock i n  nature, 
and, t he re fo re ,  de f ines  on l y  t he  most recent zone o f  s t ress  release, the 
Bear Wallow f a u l t  may be of g rea te r  ex ten t  than t he  data i nd i ca te .  

4.1.2 Suspected South Flank Fau l t  Events 

The South Flank f a u l t  group inc ludes 14 microearthquakes loca ted  w i t h i n  
2.5 km (1.6 m i )  o f  t he  mapped t r a c e  o f  t he  South Flank f a u l t  ( p l .  2). 
The ep icenters  extend along t h e  f a u l t  from Moon Lake t o  about 28 km 
(17  m i  ) west o f  Upper S t i l  lwa te r  damsite. Focal depths range from 3 t o  
13 km (2 t o  8 m i  ) , al though they are general l y  not  very we1 1 const ra ined 
due t o  i n s u f f i c i e n t  s t a t i o n  coverage along t h i s  mountainous a r ray  bound- 
ary.  Most of these earthquakes were loca ted  south of the  sur face t r ace  
o f  t he  South Flank f a u l t  a t  depths cons is ten t  w i t h  t he  assumed geometry 
o f  a south and s teep ly  d i p p i n g  normal f a u l t .  Three microearthquakes, 
however, were loca ted  no r t h  o f  t he  sur face t r a c e  o f  the f a u l t  a t  depths 
g rea te r  than 9 km (5.6 m i  ). Provided the hypocenters are co r rec t ,  the 
occurrence o f  these t h ree  earthquakes no r t h  o f  the  f a u l t  may be i nd i ca -  
t i v e  of an oppos i te  sense of d i p  on t he  South Flank f a u l t .  Another 
p o s s i b i l i t y  i s  t h a t  t he  South Flank f a u l t  events are a c t u a l l y  due t o  
movement on nor th - t rend i  ng f a u l t s  t h a t  are known t o  ex i  s t  throughout 
t h i s  region. The v e l o c i t y  model used t o  compute the  hypocenters 
necessa r i l y  assumes ho r i zon ta l ,  homogeneous, and i s o t r o p i c  ea r t h  layers.  
The s t r u c t u r e  and s t r a t i g r a p h y  along t h e  South Flank f a u l t ,  however, i s  
q u i t e  complex and near t he  boundary o f  the  a r ray ;  thus, l o c a t i o n  e r r o r s  
o f  several  k i l ome te r s  can be expected. With t h e  a v a i l a b l e  data, it i s  
no t  poss ib le  t o  d i f f e r e n t i  a t e  between north-south f a u l t i n g  versus east-  
west f a u l t i n g  f o r  these events t h a t  l oca te  near the  South Flank f a u l t .  

4.1.3 Southwest Events 

The southwest group o f  events cons is ts  o f  f i v e  earthquakes t h a t  l oca te  
j u s t  ou ts ide  t h e  a r ray  i n  an area o f  known f a u l t i n g  6 t o  12 km (3.7 t o  
7.5 m i  ) west o f  Hannah, Utah. The ep icen te rs  are somewhat scat tered,  
and depths are poor l y  constrained. No d i r e c t  assoc ia t ion  w i t h  s p e c i f i c  
f a u l t s  i s  possible.  

4.1.4 Random Events 

The remaining n ine earthquakes loca ted  w i t h i n  t he  a r ray  are grouped as 
random events no t  s p a t i a l l y  associated w i t h  t h e  f i r s t  t h ree  sets  o f  
data. S i x  o f  these events appear t r u l y  as random sca t te red  events 
l o c a t i n g  i n  t he  area west of t he  Bear Wallow events and east o f  the  
Duchesne River.  Three events, however, a re  loca ted  2 t o  5 km (1.2 t o  
3.1 m i  ) northwest of t he  Bear Wall ow events a t  a depth o f  about 12 km 
(7.5 mi). The hypocenters o f  two of these t h r e e  events are c o n t r o l l e d  
very  we l l  due t o  good s t a t i o n  coverage and cannot be discounted as 
poo r l y  l oca ted  Bear Wal low events. The hypocenters are cons is ten t  w i t h  
a south d i pp ing  South Flank f a u l t  o r i g i n ,  a l though t he re  are o ther  
mapped f a u l t s  i n  t he  area. No unequivocal f a u l t  p lane s o l u t i o n  i s  
poss ib l e  w i t h  these a v a i l a b l e  data; thus,  conc lus ive  assoc ia t ion  w i t h  
one p a r t i c u l a r  f a u l t  i s  impossible. 



4.2 Geol ogi  c I nves t i ga t i ons  

4.2.1 Previous Mappi ng 

The g l a c i a l  geology o f  the  U in ta  Mountains was f i r s t  mapped by Atwood 
(1909). For res te r  (1937) mapped and descr ibed the  s t r u c t u r e  of the 
U in ta  Mountains. The geology o f  the Taskeech and Upper S t i l l w a t e r  dam- 
s i t e  areas has been mapped by Huddle and others  (1951). Areas imne- 
d i a t e l y  t o  the east and west o f  t h e i r  map have been mapped by K i  nney 
(1951) and Huddle and McCann (1947), respec t i ve ly .  Quaternary deposi ts 
a long the  south f l ank  o f  t he  U in ta  Mountains and i n  the  nor thern U in ta  
Basin were mapped by Osborn (1973). The S a l t  Lake C i t y  lo by 2' 
quadrangle, Utah and Wyoming, i s  c u r r e n t l y  be ing mapped by B. Bryant 
(USGS, Denver, o r a l  communication, 1980). Regional geologic maps by 
Andrews and Hunt (1948), Stokes and Madsen (1961), and H i  n t ze  (1980), 
which encompass the  Taskeech and Upper S t i l l w a t e r  damsites, cons i s t  o f  
compi 1 a t i ons  of previous work by var ious inves t iga to rs .  

The most d e f i n i t i v e  work concerning Quaternary f a u l t i n g  i n  the  U i  n ta  
Basin and Mountains i s  the  compi la t ion of Anderson and M i l l e r  (1979). 
The i r  "Quaternary Fau l t  Map o f  Utah" shows on ly  l i m i t e d  Quaternary 
f a u l t i n g  i n  t h i s  reg ion compared w i t h  the  Wasatch Front  and the  Basin 
and Range province t o  the west. Three l a t e  P le is tocene f a u l t s  are shown 
on t h e i r  map w i t h i n  50 km (31  m i  ) o f  e i t h e r  t he  Taskeech o r  Upper 
S t i l l w a t e r  damsites. These inc lude  the  f a u l t s  on Towanta F l a t ,  a 
western extension of t he  Towanta F l a t  f a u l t s  c a l l e d  the L i t t l e  Val l e y  
f a u l t ,  and a segment of t he  Strawberry f a u l t  ( p l .  2). Thei r  map does 
no t  i nc l ude  the  Duchesne-Pl easant Val 1 ey f a u l t  system, which was 
repor ted by Osborn (1973) t o  have experienced l a t e  Quaternary d i s p l  ace- 
ment , poss ib ly  dur ing  the  Holocene. However, Anderson and M i  1 l e r  (1979) 
note t h a t  t h e i r  map does not  necessar i l y  de l i nea te  a1 1 the Quaternary 
f a u l t s  i n  Utah, and t h a t  add i t i ona l  Quaternary f a u l t s  undoubtedly ex is t .  

4.2.2 Object ives 

Review o f  geologic and sei  smologi c 1 i te ra tu re ,  p r e l  i m i  nary a i  rphoto 
ana lys is ,  and reconnaissance mapping lead t o  the d e f i n i t i o n  of th ree  
ob jec t i ves  f o r  seismotectoni c studies.  These are: 

1. Develop evidence f o r  assessing l a t e  Cenozoic displacement h i s t o r y  
o f  t he  western p o r t i o n  o f  the  mountain f l a n k  f a u l t s ;  

2. Evaluate the  extent  and age o f  repor ted l a t e  Quaternary f a u l t i n g  
a t  Towanta F l a t  ; 

3. Determine i f  a causat ive f a u l t  i s  present i n  t he  area o f  con- 
t i n u i n g  af tershocks associated w i t h  t he  1977 earthquake. 

I n  addi t ion,  l i m i t e d  reconnaissance s tud ies were performed f o r  other 
more d i s t a n t  po ten t i  a1 seismic source zones. 



4.2.3 Mountain Flank Fau l ts  

4.2.3.1 South Flank Fau l t  

The South Flank f a u l t  has a s t r i k e  leng th  of over 130 km (81 m i )  and i s  
w i t h i n  10 and 0.5 km (6.2 and 0.3 m i  ) of  Taskeech and Upper S t i  1 lwa te r  
damsites, respec t i ve ly .  While previous work suggests t h a t  major d i s -  
placement on the  f a u l t  occurred dur ing  the  e a r l y  Cenozoic, t h e  lack o f  
d e t a i l e d  mapping along the  f a u l t ,  evidence f o r  Neogene and Quaternary 
r e a c t i v a t i o n  o f  s i m i l a r  f a u l t s  f u r t h e r  east, the  occurrence o f  moderate- 
magnitude earthquakes i n  t he  region, and t he  p rox im i ty  o f  t h i s  major 
f a u l t  t o  the damsites, prompted the  i n v e s t i g a t i o n  o f  the h i s t o r y  o f  
f a u l t i n g  west o f  t he  Whiterocks River. No i nves t i ga t i ons  o f  f a u l t i n g  on 
t h e  south f l ank  o f  the  U in ta  Mountains east o f  the  Whiterocks R iver  were 
conducted because of t he  d is tance from the  sub jec t  damsites. 

I n i t i a l  i nves t i ga t i ons  cons is ted o f  a review o f  a e r i a l  photography, and 
a e r i a l  o v e r f l i g h t s  along t h e  South Flank f a u l t  from the  North Fork o f  
t h e  Provo R iver  t o  the  Whiterocks R iver  (p l .  1) .  These i nves t i ga t i ons  
revealed no scarps or o ther  evidence fo r  l a t e  Quaternary d i  sp l  acement 
a long the  f au l t .  Despi te an est imated v e r t i c a l ,  o r  d i p  s l i p ,  d isp lace-  
ment o f  g rea te r  than 1 km, t he re  i s  no continuous bedrock escarpment 
associated w i t h  t he  f a u l t .  Areas were se lected f o r  d e t a i l e d  mapping t o  
est imate the  age o f  most recent displacement of the  f au l t .  

Recur ren t l y  a c t i v e  l a t e  Cenozoic f a u l t s  i n  t he  Basin and Range 
t r a n s i t i o n  zone t y p i c a l  l y  are range-f r o n t  normal f a u l t s  boundi ng 
up1 i f t e d  mountai n blocks o r  re1 ated, subparal l e l  t r end ing  i n t  rabasi  n 
f a u l t s .  T y p i c a l l y  , 1 a t e  Cenozoic f a u l t s  juxtapose mountai n blocks and 
a1 1 uv i  a ted basins covered by Quaternary f l u v i  a1 deposi ts,  a1 1 u v i  a1 fans, 
o r  g l a c i a l  deposi ts  along prominent 1 i nea r  mountain f ron ts .  Scarps are 
o f t e n  present i n  a l l u v i a l  deposi ts a t  the  mountain f r on t  o r  basinward 
from it. The South Flank f a u l t  does not e x h i b i t  these physiographic 
cha rac te r i s t i c s .  There i s  no continuous bedrock escarpment associated 
w i t h  the  f a u l t  ; pre-Quaternary eros ion surfaces are un in te r rup ted  across 
t h e  mapped t r a c e  o f  the  f a u l t  (d iscussed be1 ow). No scarps o r  
l ineaments are present near t he  t r a c e  of t he  f a u l t  i n  Quaternary o r  
pre-Quaternary deposits. As discussed i n  sec t ion  3.1.2, the  basin f i  11 
deposi ts  adjacent t o  the  f a u l t  are Paleogene i n  age. Quaternary and 
Neogene deposi ts  are r e s t r i c t e d  t o  deeply i n c i s e d  southf lowi  ng drainages 
o r  form t h i n  veneers o f  outwash ove r l y i ng  Pal eogene deposits. 

P l a t e  7 presents the  r e s u l t s  of d e t a i l e d  mapping o f  th ree  areas along 
t h e  t r a c e  o f  the  South Flank f a u l t  i n  the  v i c i n i t y  o f  Upper S t i l  lwa te r  
damsite. These areas, descr ibed as East Grandaddy Mountain, Dry Ridge, 
and Center Park, were se lected because s u f f i c i e n t  bedrock exposure 
e x i s t s  t o  cons t ra in  the  t r a c e  o f  the  f a u l t  below an eros ion surface o r  
a s t r a t i g r a p h i c  un i t .  



East Grandaddy Mountai n - 
Map A, p l a t e  7, presents the  r e s u l t s  o f  mapping i n  the v i c i n i t y  o f  East 
Grandaddy Mountain along t he  t r a c e  o f  the  South Flank f a u l t .  The f a u l t  
i s  wel l  exposed on t he  east s ide  o f  the mountain, a t  the head o f  the 
South Fork o f  Rock Creek, as an a l t e r e d  zone of gouge and b recc ia  jux -  
t apos i  ng nor th-d i  pp i  ng M i  s s i  s s i  pp i  an 1 imestones and the Precambri an 
Mutual Formation. Crossect ion A - A '  i s  a topographic p r o f i l e  down the 
i n t e r f l u v e  separat ing Hades Creek and t he  South Fork of Rock Creek. The 
remnant of an eros ion sur face a t  an e l eva t i on  o f  about 3410 m 
( 1 1  200 f t ) ,  which i s  preserved as t he  sur face o f  the  i n t e r f l u v e ,  slopes 
gen t l y  southward w i t h  no topographic step across the  t r ace  of the fau l t .  
Two s teeply  dipping, nor theas t - t rend i  ng normal f a u l t s  , exposed i n  the 
canyon side, are shown i n  map A. These f a u l t s  have displacements of 
about 30 m (100 f t )  and are not  present on t he  south margin o f  the East 
Grandaddy Mountain t o  the  nor theast ,  suggest ing they are terminated by, 
and subs id ia ry  to ,  t h e  South Flank f a u l t .  

Dry Ridge 

A t  the  nor th  end of Dry Ridge along the  South Flank f a u l t  zone, the f a u l t  
i s  comprised o f  t h ree  major t races (map B, p l .  7). The southernmost 
t r a c e  i s  a m inera l i zed  b recc i  a zone which y i e l d s  i r o n  minera ls  a t  the  
Pa in t  Mine. Maps o f  Stokes and Madsen (1961), and Huddle and others  
(1951), suggest t h a t  the  Duchesne R i ve r  Formation may t h i cken  abrup t l y  i n  
t h e  v i c i n i t y  o f  the  b recc ia  zone associated w i t h  the  South Flank f a u l t ,  
near the Pa in t  Mine. De ta i l ed  mapping d i d  not  reveal any evidence t h a t  
t h e  Duchesne R i ve r  Formation i s  displaced. Rather, i t  appears t o  
o v e r l i e  t he  f a u l t  and t h i cken  g radua l l y  t o  t he  south. Crossect ion B-B' 
i s  a topographic p r o f i l e  down the  i n t e r f l u v e  west o f  the  head o f  S la te  
Creek. The preserved remnant o f  an eros ion surface a t  an e l eva t i on  o f  
about 3230 m (10 600 f t )  a t  the f a u l t ,  has a gen t le  southward grad ient  
and a lso  i s  undisplaced across the  t races  of the South Flank f a u l t .  As 
depic ted i n  sec t ion  B-B I, an upper p o r t i o n  o f  the  Duchesne R i v e r  
Formation appears t o  o v e r l i e  the  eros ion sur face i n  t h i s  area. 

Center Park 

Mapping (map C, p l .  7 )  a long  the  South Flank f a u l t  between t he  Lake Fork 
R i ve r  and Yellowstone Creek confirms the  i n t e r p r e t a t i o n  of Stokes and 
Madsen (1961), and Huddle and others  (1951), t h a t  the Duchesne R i ve r  
Formation o v e r l i e s  the  South Flank f a u l t  i n  t h i s  area. The f a u l t  i s  
exposed on the  east s i de  o f  Moon Lake and i t s  p o s i t i o n  i n  Center Park i s  
const ra ined by outcrops o f  the  Mutual Formation t o  the  nor th  i n  the 
f oo twa l l ,  and outcrops o f  Red Pine Shale t o  the  south i n  the  hanging 
wa l l .  I n  t h i s  area, t he  Duchesne R i ve r  Formation a t  an e l eva t i on  o f  
3170 m (10 400 f t )  i s  a coarse, semiconsolidated, a1 l u v i a l  fan deposi t  
which appears t o  represent a near-source fac i  es. 



Est imated & -- o f  Most Recent Displacement 

Hansen (1983) desc r ibes  t h e  e x t e n s i v e  G i l b e r t  Peak e r o s i o n  s u r f a c e  on 
b o t h  t h e  n o r t h  and south  f l a n k s  o f  t h e  e a s t e r n  U i n t a  Mountains. He 
concludes t h a t  t h e  Oligocene-age Bishop Conglomerate o v e r l i e s  t h i s  sur -  
f a c e  and, t h e r e f o r e ,  concludes t h a t  t h e  G i l b e r t  Peak e r o s i o n  s u r f a c e  i s  
o f  Ol igocene age. Hansen (1983, p. 9 )  a l s o  r e p o r t s  t h a t  t h e  S t a r r  F l a t  
Member o f  t h e  Duchesne R i v e r  Format ion r e s t s  unconformably on a t r u n -  
ca ted  s u r f a c e  near  t h e  mountains,  t h a t  i s  p robab ly  t h e  G i l b e r t  Peak ero-  
s i o n  sur face.  

East  o f  Upper S t i l l w a t e r  damsi te,  a remnant o f  an e r o s i o n  s u r f a c e  c u t  
across  t h e  South F lank f a u l t  i s  p reserved a t  an e l e v a t i o n  o f  790 m 
(2590 f t )  above t h e  Lake Fork R ive r .  C rossec t i on  B-B' (map B) and map C 
( p l  . 7) suggest t h a t  t h i s  e r o s i o n  s u r f a c e  i s  o v e r l a i n  l o c a l  l y  by  depos- 
i t s  mapped as t h e  Duchesne R i v e r  Formation. Th is  s u r f a c e  i s  p robab ly  o f  
comparable age t o  t h e  G i l b e r t  Peak e r o s i o n  su r face .  The e r o s i o n  s u r f a c e  
west o f  Upper S t i l l w a t e r  Dam i s  p robab ly  a l s o  about t h e  same age. 

The c r o s s  s e c t i o n s  on p l a t e  7 were prepared f rom topograph ic  maps a t  a 
s c a l e  o f  1:24,000 and, t h e r e f o r e ,  shou ld  o n l y  be cons idered accu ra te  t o  
w i t h i n  about 5 t o  10 m. Therefore,  t h e  p o s s i b i l i t y  o f  a t o t a l  d i s p l a c e -  
ment o f  up t o  about 10 m s i n c e  development o f  t h e  G i l b e r t  Peak e r o s i o n  
s u r f a c e  canndt  be p r e c l  uded. However, a h i  s t o r y  o f  s i g n i f i c a n t  
r e c u r r e n t  s u r f a c e  d isp lacements  p o s t d a t i n g  t h e  G i l b e r t  Peak s u r f a c e  can 
be prec luded a1 ong t h i s  p o r t i o n  o f  t h e  South F lank f a u l t .  

4.2.3.2 U i n t a  Bas in  F a u l t  

Lucas and D r e x l e r  (1975) r e p o r t  t h a t  1 ittl e o r  no f a u l t  d isp lacement  i s  
recogn ized i n  t h e  Green R i v e r  Format ion  o f  Eocene age (see  f i g .  3.3), 
wh ich  o v e r l i e s  t h e  U i n t a  Bas in  f a u l t ,  sugges t ing  t h a t  ma jo r  d isplacement 
occu r red  over  40 m i l l i o n  yea rs  ago. However, as can be seen on p l a t e  2 
(see a l s o  sec. 4.2.4), t h e  scarps  a t  Towanta F l a t  occur  near  t h e  s u r f a c e  
p r o j e c t i o n  o f  t h e  U i n t a  Bas in  f a u l t .  

4.2.4 F a u l t i n g  a t  Towanta F l a t  

Huddle and o t h e r s  (1951) f i r s t  suggested t h a t  l a t e  T e r t i a r y  f a u l t i n g  was 
p r e s e n t  on Towanta F l a t ,  an outwash p l a i n  a long t h e  south  f l a n k  o f  t h e  
U i n t a  Mountains ( p l s .  1 and 2) .  Hansen (1969a, 1969b) desc r ibed  t h e  
topograph ic  scarps i n  outwash d e p o s i t s  on Towanta F l a t  ( p l  . 3) as repre-  
s e n t i  ng  1 a t e  Qua te rna ry  f a u l t i n g  , and es t ima ted  t h e  youngest  d i  sp l  ace- 
ment t o  d a t e  f rom 32 ka t o  11 ka ( thousands o f  yea rs  b e f o r e  p r e s e n t )  
based on t h e  i n f e r r e d  age of  t h e  f a u l t e d  Qua te rna ry  depos i t s .  Osborn 
(1973) concur red w i t h  Hansen's f i n d i n g s ,  b u t  a l s o  suggested t h a t  t h e  
f a u l t i n g  cou ld  be even younger. Anderson and M i l l e r  (1979) a1 so 
ass igned a l a t e  Qua te rna ry  age t o  t h e  Towanta F l a t  scarps. Ritzma 
(1974) suggested these  scarps a r e  assoc ia ted  w i t h  a much l a r g e r  east -  
west s t r u c t u r a l  f e a t u r e  t h a t  he named t h e  "Towanta Lineament." 



Fo l low ing  the  occurrence o f  t he  R i ch te r  magnitude 4.5 earthquake i n  the 
general, area o f  Towanta F l a t  on September 30, 1977, the  Utah Geological 
and Minera l  Survey (UGMS, 1977) repor ted  t h i s  main shock and the 
hundreds o f  af tershocks t h a t  were recorded through October 11, 1977, 
occurred along the "Towanta Lineament." The repor t  a1 so s ta ted  there  
a r e  surface mani f e s t a t i  ons o f  re1 a t i  ve l y  recent movement a1 ong the 
1 i neament , c i  ti ng Towanta F l  a t ,  where displacements have occurred 
"perhaps as recen t l y  as 4,000 t o  a few hundred years" before present. 

An i n d i r e c t  i m p l i c a t i o n  o f  t h i s  r epo r t  i s  t h a t  earthquakes l a r g e  enough 
t o  produce surface displacement are r e c u r r i n g  on Towanta F l a t  a t  a r a t e  
comparable t o  t h a t  f o r  t he  Wasatch f a u l t  (Swan and others,  1980), one 
o f  the  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  the  
In termounta in  west. A1 so, assoc ia t ion  of t he  Towanta F l  a t  scarps w i t h  
Ritzma ' s  (1974) "Towanta Lineament" would imply l a t e s t  Quaternary 
displacement on a segment o f  an i n f e r r e d  s t r u c t u r e  which Ritzma t races 
across most o f  the  S ta te  o f  Utah. 

Review of aer i  a1 photography, as we1 1 as ground reconnai ssance, 
suggested t h a t  these features were s i g n i f i c a n t l y  o lder  than i nd i ca ted  by 
t h e  Utah Geological and Minera l  Survey (UGMS, 1977). Therefore, the 
s i g n i f i c a n c e  o f  these features was f u r t h e r  eval uated through de ta i  l e d  
mapping, re1 a t i  ve-age da t i ng  o f  d isp laced deposi ts,  scarp p r o f i  1 i ng, and 
trenching. 

Nine f a u l t  scarps .are present on Towanta F l a t  about 6 km (4  m i  ) south 
o f  t he  mountain f r o n t  ( p l .  3). The pr imary set  of scarps t rends 
N. 50-55O E., genera l l y  subpara l le l  t o  the  major s t ruc tu res  i n  the 
area (i.e., South Flank f a u l t ,  U in ta  Basin f au l t ,  and U in ta  Basin ax is ) ,  
w h i l e  a secondary set t rends N. 70° E. (Hansen, 1969b). The scarps 
bound a graben t h a t  va r ies  i n  width from 170 t o  610 m (560 t o  2000 f t ) .  
The scarps extend from immediately east of Pigeon Water Creek t o  near 
t h e  eastern margin o f  a l a r g e  melt-water channel, a d is tance o f  about 
5 km ( 3  mi) .  

4.2.4.1 R e s i s t i v i t y  Survey 

Two e l e c t r i c a l  r e s i s t i v i t y  p r o f i l e s  across the  graben (Mei i ji Resource 
Consultants, 1980), i nd i ca ted  on p l a t e  3, were used t o  l oca te  f a u l t s  and 
est imate the amount of displacement of the  contact  between t he  T e r t i a r y  
Duchesne R i ve r  Formation and ove r l y i ng  outwash. L ine  1 def ines a normal 
f a u l t  w i t h  about 25 m (82 f t )  o f  displacement on the southeastern edge 
of the  graben, b u t  the  simple r e s i s t i v i t y  expression o f  the  normal f a u l t  
on the  northwest s ide  o f  t he  graben i s  obscured, poss ib ly  by an open 
cavern a t  depth. Three co l lapse  p i t s ,  the  l a r g e s t  measuring 37 by 27 by 
12 m (121 by 89 by 39 f t )  deep, developed along the  nor thern f a u l t  near 
t h e  western end of the graben (p l .  3) a f t e r  t he  Farnsworth Canal, an 
i rri ga t i on  canal running along t he  scarp, had been operat ing f o r  about 
30 years. Possibly p i  p i ng  of canal water a1 ong the  f a u l t  plane i n  the 
unde r l y i  ng Duchesne R i  ve r  Formati on created voids t h a t  caused the  
co l lapse  of the  canal. The co l lapse  p i t s  support the  r e s i s t i v i t y  
i n t e r p r e t a t i o n  of an open cavern obscur ing t h e  f a u l t .  



Results from l i n e  2 show t h a t  t he  graben conta ins a small ho rs t  block i n  
t h e  subsurface t h a t  has no topographic expression. The r e s i s t i  v i  t y  data 
suggest t h a t  the  bedrock sur face along the  northwest-bounding scarp i s  
d isp laced  about 15 m (49 f t ) ,  b u t  t h a t  the  center  o f  the graben may con- 
t a i n  gravels  25 m (82 f t )  t h i c k .  Near the  southeast end o f  l i n e  2, 
outcrops show about 23 m (75 f t )  o f  bedrock r e l i e f  on the southeast- 
bounding scarp where a small drainage has exposed the  bedrock on the 
downthrown block. 

4.2.4.2 Age o f  Deposits a t  Towanta F l a t  

Determinat ion o f  the  t i m i n g  and nature of the  displacements which pro- 
duced the  f a u l t  scarps requ i res  an assessment o f  the age of the  
d isp laced deposits. Ritzma (1974), Hansen (1969a, b) ,  and Osborn (1973, 
p. 159) suggested the  Towanta F l  a t  f a u l t s  occurred re1 a t i  vel  y recen t l y  
du r i ng  t he  l a t e s t  Quaternary. More d e t a i l e d  mapping o f  t h i s  area 
( p l  . 3), however, i nd i ca tes  a greater  age f o r  the  Towanta F l a t  deposits. 
No evidence o f  extensions o f  the Towanta F l a t  f a u l t s  d i sp lac ing  
Quaternary deposi ts  along t he  Lake Fork R iver  and Rock Creek were found, 
thus  s e t t i n g  l i m i t s  on the  l a t e r a l  extent  o f  f a u l t i n g  i n  l a t e  Quaternary 
t ime. 

Age assessments, i n c l  ud i  ng subdi v i  s i  on o f  deposi ts  i n t o  re1 a t i  ve-age 
groups (RAGS) (discussed ex tens ive ly  i n  appendix A), are based on: 

1. A i  rphoto i n t e r p r e t a t i o n  and morphost ra t i  graphi c mapping o f  
moraines and outwash te r races  i n  t he  Towanta F l a t  area 

2. Re la t i ve  da t i ng  o f  these landforms us ing  surface boulder 
weather i  ng data, so i  1 p r o f i  l e  descr ip t ions ,  and soi  1 labora to ry  
analyses 

3. Reconnai ssance mappi ng o f  01 der a1 1 u v i  a1 surfaces mapped pre- 
v i ous l y  by Osborn (1973), i n c l u d i n g  t he  use o f  r i v e r  t e r race  
p r o f i l e s  f o r  c o r r e l a t i o n  from one drainage t o  another 

4. Amino ac id  and paleomagnetic analyses a t  one a1 l u v i  a1 t e r race  
s i t e  f o r  nurneri c a l  -age est imates (de f ined  by Colman and 
Pierce, 1981) 

5. Regional c o r r e l a t i o n  o f  the  moral ne and t e r race  sequence a1 ong 
t h e  Lake Fork R i ve r  w i t h  o ther  Quaternary chronologies i n  the  
Rocky Mountai n reg ion 

None o f  these methods has resu l t ed  i n  accurate numerical-age dates f o r  
any o f  t h e  deposi ts on Towanta F l a t .  However, combined use o f  several 
d i f f e r e n t  RD ( re1 a t i  ve-dat i  ng) methods makes landform chronology f o r  
t h i s  p a r t  o f  the Lake Fork drainage more accura te ly  dated than many 
Quaternary chronologies i n  the  Rocky Mountai n region. 



4.2.4.3 Trenching o f  Scarps and Lineaments 

Three trenches were excavated across suspected f a u l t  scarps on Towanta 
F l a t  t o  assess the age and frequency of f au l t i ng .  Trench 1 ( p l .  4) was 
loca ted  i n  RAG 3 deposi ts  across the 8-m ( 2 6 - f t )  h i g h  scarp bounding the 
graben on the  nor th  near i t s  western end. Trenches 2 and 3 (p l s .  5 
and 6) were placed across prominent a i r  photograph l ineaments i n  RAG 5-6 
depos i ts  i n  the  mel t  water channel (p l .  3). 

Deposi ts exposed i n  t rench  1 cons is t  o f  RAG 3 outwash deposi ts  and 
younger c o l l u v i a l  deposi ts  t h a t  were i n t e r p r e t e d  t o  be fau l t -scarp -  
der i ved  grabenf i  11. The s o i l  developed on t he  RAG 3 outwash deposi ts 
exposed i n  t he  northwestern end o f  t rench  1 has a 22-cm (9- in)  t h i c k  
a r g i l l  i c  hor i zon  over a 57-cm (22- in) t h i c k  stage I 1 1  (ca lc ium carbonate 
morphology o f  G i  l e  and others,  1966) K hor i zon  ( u n i t  I s ,  p l .  4) 
(appendix A, t a b l e  A.2, p r o f i l e  1). S im i l a r  s o i l s  were descr ibed from 
t h e  main Towanta F l a t  sur face (appendix A, p r o f i l e s  7, 8, and 10) and 
a re  one l i n e  o f  evidence f o r  the  age est imates f o r  the deposi ts  on 
Towanta F l a t .  

I n  the  southeastern h a l f  o f  t rench  1, the  o l des t  scarp-der ived col  l u -  
vium, u n i t  2, i s  o v e r l a i n  by a moderately developed c l ay - r i ch  paleosol 
( u n i t  3s) t h a t  has been bu r i ed  by younger c o l l u v i a l  deposi ts ( u n i t s  4s 
and 5s) (appendix A, t a b l e  A.2, p r o f i l e  2). Un i t  2s i s  i n t e r p r e t e d  t o  
be a remnant o f  an a r g i l l i c  hor izon t h a t  developed on u n i t  2 t h a t  was 
preserved i n  the  small graben i n  the  center  of the  t rench  (p l .  4). 
Where u n i t  2s was not downdropped i n t o  the  graben, i t  was apparent ly 
eroded p r i o r  t o  depos i t ion  and subsequent devel opment o f  pal  eosol 3s. 
The contact between u n i t s  2s and 3s i n  t he  small graben i s  i n f e r r e d  
based on the co l  l u v i a l  u n i t  3 pod between these u n i t s  ( p l .  4). 
C o l l u v i a l  u n i t  4s ove r l y i ng  t he  bur ied  paleosol  ( u n i t  3s) i s  s i m i l a r  i n  
g r a i n  s i ze  t o  u n i t  2 (appendix A, t a b l e  A.2, p r o f i l e  2), bu t  has 
s t ronger  a r g i l l i c  hor izon s o i l  s t ructure.  Because u n i t s  2s, 3s, and 4s 
cons i s t  o f  we1 1 -developed a rg i  11 i c  horizons, the  leng th  o f  t ime i t  took 
t o  form them ( t a b l e  4.2) i s  roughly est imated by c o r r e l a t i n g  these h o r i  - 
zons w i t h  a r g i l l i c  hor izons on "Bu l l  Lake" deposi ts  which took up t o  
150 k y r  t o  develop (appendix A). 

The 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  o f  u n i t  5s t o  the  f a u l t  scarp i n  t rench 1 
was o b l i t e r a t e d  by excavat ion o f  the  now-abandoned Farnsworth Canal 
( p l .  4). The r e l a t i o n s h i p  was exposed, however, along the  east edge o f  
t h e  c o l l  apse p i t  on the  f a u l t  scarp about 200 m (660 f t )  southwest o f  
t h e  t rench  ( p l  . 3). U n i t  5s does not  appear t o  have been d is tu rbed  by 
f a u l t i n g  s ince i t s  deposi t ion.  

The soi  1 p r o f i l e s  (appendix A, t a b l e  A.2, p r o f i l e s  2 and 3) developed on 
u n i t  5s suggest i t has an age between RAG 5-6 and RAG 7-8. Both p r o f i l e s  
i n the  f i  ne-grai ned co l  l u v i  a1 u n i t  (probably p a r t l y  o f  eol i a n  o r i  g i  n)  
a re  d i f f i c u l t  t o  compare t o  the  s o i l s  developed on the  adjacent coarse 
outwash parent mate r ia l  (appendix A, t a b l e  A.2, p r o f i l e  1). Although 



Table 4.2. - S t ra t i g raph i c  un i t s ,  s o i l s ,  and f a u l t  events w i t h  est imated ages and 
displacements from Towanta F l a t  t rench 1 

Estimated l eng th  Minimum est imated 
S t r a t i g r a p h i c  Soi 1 developed F a u l t  Estimated age o f  so i  1 forming d i  sp l  acements 

u n i t  on u n i t  event (103 years BP) i n t e r v a l  from co l  1 u v i  a1 
Range Best (103 years BP) wedge th ickness - 1/ 

Range Best (m) x 2 

1/ Assuming a s i g n i f i c a n t  amount o f  eros ion o f  the  scarp between each f a u l t  event, t he  th ickness - 
o f  the  co l  l u v i a l  wedge produced a f t e r  each f a u l t  event w i l l  approach one-ha1 f the  displacement on 
t h a t  event. 
2/ Minimum t o t a l  pos t -un i t  1 displacement from t rench s t r a t i g raphy  ( p l  . 4) (double the  t o t a l  - 
exposed c o l l  u v i  a1 wedge th ickness approaches t h i  s value) . 
3/ We i n t e r p r e t  t h i s  u n i t  as accumulating g radua l l y  from 150,000 years ago t o  present;  t h i s  i s  an - 
average age. 



c l a y  and carbonate accumul a t e  more r a p i d l y  i n  f i  ne-grai ned so i  1  s  , pro- 
f i l e s  2  and 3 (developed i n  the  same u n i t s  about 100 m (328 f t )  apa r t )  
appear more s t r ong l y  developed than s o i l s  on RAG 7-8 deposi ts  i n  the 
Towanta F l a t  area (appendi x  A). This soi  1  i s  a1 so more s t r ong l y  devel-  
oped than so i  1  s about 15,000 years o l d  developed on l i t h o l o g i c a l  l y  s imi - 
l a r  Lake Bonnev i l l e  deposi ts  100 km (62 mi )  t o  the  west (Sco t t  and 
others ,  1982). The maximum c lay  content and carbonate development i n  
t h e  upper p a r t  o f  p r o f i l e  3  (appendix A, t a b l e  A.2) match o r  exceed t h a t  
f o r  p r o f i l e s  i n  RAG 5-6 deposi ts  i n  the  Towanta F l a t  area (appendix A, 
t a b l e  A.3), suggesting the  basal co l  luv ium i n  t h i s  t runcated p r o f i l e  was 
deposi ted p r i o r  t o  RAG 7-8 time. 

Th is  sequence o f  events suggests t h a t  evidence f o r  t h ree  sur face 
displacements i s  present i n  t h i s  t rench  w i t h  average displacements o f  
2.1 t o  2.6 m (6.9 t o  8.5 f t ) .  RAG 3 deposi ts  were not encountered below 
t h e  co l  l u v i  a1 deposi ts  i n  t h e  trench, suggest ing add i t i ona l  events may 
have occurred a t  the  s i t e .  Trench 1 a l so  demonstrates t h a t  there  are 
s i g n i f i c a n t  so i  1  - forming i n t e r v a l s  between sur face displacements. 

Sequence o f  Events i n  Trench 1 

The f o l l o w i n g  h i s t o r y  o f  depos i t ion  and f a u l t i n g  i s  i n f e r r e d  from the 
c o l  l u v i  a1 s t r a t i g raphy  and s t r u c t u r a l  re1 a t i onsh i  ps exposed i n  t rench 1 
and the  exposure i n  the  co l lapse  p i t  a long t he  f a u l t  scarp on Towanta 
F la t .  

1. Deposi t ion o f  RAG 3 ( u n i t s  lb ,  l c ,  and I d )  outwash unconformably 
over the  Duchesne R i ve r  Formation of l a t e  Eocene and/or e a r l y  
Oligocene age (Andersen and Picard, 1972). This contact was not 
exposed i n  the  trench. 

2. I n i t i a t i o n  o f  s o i l  development on t h e  outwash surface even tua l l y  
culrni n a t i n g  i n  the  engulfment o f  a  we1 1 -developed a rg i  11 i c  hor izon by 
a stage I 1 1  K hor i zon  ( u n i t  I s ) .  

3. F a u l t i n g  o f  the  outwash sur face (event A, t a b l e  4.2), probably 
developing much o f  t he  graben s t r u c t u r e  present on Towanta F l a t  
today. The number of surface f a u l t i n g  events i s  unknown, b u t  c o l l u -  
v i a l  wedges ( u n i t s  2, 3s, and 4s) suggest t h ree  events ( t a b l e  4.2). 
U n i t s  l c  and I d  o f  coarse outwash but  w i t h  l ess  clay,  weaker s t ruc -  
tu re ,  and less  in tense c o l o r  hues than u n i t s  1s and l h  were c l e a r l y  
d i s t u rbed  by f a u l t i n g  dur ing  t h i s  per iod, bu t  t h e i r  deta i  l e d  genesis 
i s  uncertain.  C las ts  i n  u n i t  I d  near t h e  f a u l t  are ro ta ted  w i t h  
t h e i r  long axes i n c l i n e d  t o  the  southeast a t  angles up t o  80". 
Cumulative net v e r t i c a l  displacement f o r  a1 1 events along t h i s  p a r t  
o f  t he  scarp exceeds 8 m (26 f t ) .  Double t he  th ickness o f  col  l u v i a l  
wedges adjacent t o  the  f a u l t  provides a crude minimum est imate o f  
displacement du r i  ng each event ( t a b l e  4.2). 

4. Erosion o f  the f a u l t  scarp and depos i t ion  o f  a  cobbly proximal 
c o l l u v i a l  wedge ( u n i t  2) on the  downthrown s ide o f  the f a u l t .  



5. Poss ib le  s o i l  development on u n i t  2  f o r  which l i t t l e  evidence 
remains ( u n i t  2s). Continued so i  1  development on t he  upthrown out -  
wash s u r f  ace. 

6. Add i t iona l  displacement (event B, t a b l e  4.2) on the main f a u l t  
w i t h  an a n t i t h e t i c  f a u l t  producing the  small graben which downdropped 
and preserved u n i t  2s. Minimum displacement across the a n t i t h e t i c  
f a u l t  i s  0.75 m (2.5 f t ) .  

7. Erosion o f  the  f a u l t  scarp ( i n c l u d i n g  a rg i  11 i c  hor izons on the  
upthrown b lock )  w i t h  depos i t ion  o f ,  and concurrent soi 1  devel opment on, 
u n i t  3  ( u n i t  3s) over a  long enough per iod  (>50 k  y r  est imated) t o  
a1 low considerable c l ay  movement and o b l i t e r a t i o n  o f  eros ional  - 
depos i t iona l  s o i l  s t r u c t u r e  i n  u n i t s  2s and 3s. 

8. Add i t iona l  displacement (event C, t a b l e  4.2) on the main f a u l t .  

9. Eros ion of the  f a u l t  scarp and depos i t ion  o f  a  cobbly c o l l u v i a l  
wedge ( u n i t  4) over u n i t  3s. 

10. Weak t o  moderate s o i l  development on u n i t  4  ( u n i t  4s). 
Continued s o i l  development on the  outwash surface away from the  
eroded scarp. 

11. Continued minor eros ion o f  the main scarp, depos i t ion  o f  c o l l u -  
vium m i  xed w i t h  eo l i an  mater i  a1 t o  form a f ine-gra ined wedge 
( u n i t  5s) on the  downthrown block, and concurrent soi  1 development 
w i t h  an a r g i l l i c  hor i zon  and stage I t o  stage I 1  ca lc ium carbonate 
development. This process o f  depos i t ion  and so i  1  development i s  con- 
t i n u i  ng today. 

S t ra t ig raphy  and Age o f  Un i t s  i n  Trenches 2 and 3 

Trench 2 ( p l .  5) was loca ted  i n  t he  melt-water channel across an a i r  
photograph l ineament t h a t  i s  on t r end  w i t h  a  1- t o  2-m-high ( 3 -  t o  6 - f t )  
f a u l t  scarp about 80 m (260 f t )  nor theast  o f  the  t rench  ( p l  . 3). The 
1 ineament i s  i n  RAG 5-6 deposi ts,  bu t  t he  scarp i s  developed i n  RAG 4-5 
deposits. 

Trench 3 ( p l .  6) was a lso  loca ted  i n  the  melt-water channel across one o f  
a  ser ies o f  discont inuous, N. 70' W. t r end ing  photograph l ineaments 
which extend across much of the  f l a t  (Hansen, 1969b). The age and 
o r i  g i n  o f  the west-northwest t r e n d i  ng 1 i neaments are unknown, bu t  they 
do not extend i n t o  an area of m i  xed a1 l u v i a l  fan and col  l u v i  a1 deposi ts 
on the  western edge o f  Towanta F l a t  ( p l .  3). Soi 1  p r o f i l e  12 f rom t h i s  
area has s t rong co lors ,  a  h igh  c l ay  content, some carbonate development 
(s tage I + )  (appendix A, t a b l e  A.2), and no weathered c las ts .  These data 
suggest most of t h i s  ma te r i a l  dates from RAG 5-6 and, there fo re ,  t h a t  
many of t he  west -northwest- t rendi  ng 1 i neaments are devel oped on 01 der 
sur f  aces. 

Trenches 2 and 3, o r i en ted  a t  r i g h t  angles t o  each other  about 150 m 
(490 f t )  apar t  ( p l .  3), exposed s i m i l a r  s t ra t ig raphy .  So i l  p r o f i l e s  4  



( t r ench  2) and 9 ( t rench  3) (appendix A, t a b l e  A.2) a re  d i f f i c u l t  t o  
i n t e r p r e t  because t he  sequence o f  parent mater i  a1 s on which these soi  1 s 
a re  developed d i f f e r  i n  age and l i t h o l o g y .  The f ine -g ra ined  mater ia l  i n  
t h e  basal u n i t s  i n  both trenches ( u n i t s  6, 5, and 4, p l .  5; u n i t  4, 
p l .  6 )  g ives them a gray-green co lo r  (2.5Y t o  5Y c o l o r  hues) i n con t ras t  
t o  the  red c o l o r  (5YR hues) o f  the ove r l y i ng  u n i t  3 sediments. Parts o f  
t h e  basal u n i t s  i n  both trenches have stage I 1  carbonate morphology and 
30 t o  40 percent h i g h l y  weathered c l a s t s  i n d i c a t i n g  these u n i t s  are a t  
l e a s t  as o l d  as RAG 4 (appendix A, t a b l e  A.3). The q u a r t z i t e  cobble 
l i t h o l o g y  o f  these u n i t s  i nd i ca tes  outwash depos i t ion  ( s i m i l a r  deposi ts  
a re  be l ieved  t o  unde r l i e  most o f  t he  melt-water channel ), bu t  the  gray- 
green c l a y - r i c h  ma t r i x  suggests t h i s  sediment i s  der ived from the 
LaPoint Member o f  the  Duchesne R i ve r  Formation (Andersen and Picard, 
1972). Outcrops along the  west s ide  of the  Lake Fork R iver  east o f  the 
melt-water channel i n d i c a t e  t he  t op  of the  LaPoint  Member i s  a t  the same 
e leva t i on  as the  base o f  the  melt-water channel near trenches 2 and 3. 
We i n t e r p r e t  the  gradual north-to-south l a t e r a l  changes i n  l i t h o l o g y  o f  
t h e  basal u n i t s  i n  t rench  2 ( u n i t s  6, 5, and 4) as facies changes pro- 
duced by g l  ac i  o f 1  u v i  a1 processes. No evidence o f  d i  sp l  acement o r  shear 
zones i n  the lower t rench u n i t s  were found, suggesting the  a i rpho to  
1 ineaments i n te r sec ted  by trenches 2 and 3 a re  not r e l a ted  t o  post-RAG 4 
f a u l t i n g .  

Above an unconformity a t  t h e  t op  o f  the  gray-green u n i t s  are reddish 
(5YR hues) g r a v e l l y  sands and s i  1 t y  sands ( u n i t s  2 'and 3) t h a t  are 
1 a t e r a l  l y  discont inuous i n  t rench  2 ( p l .  5), bu t  are t h i c k e r  (80 cm; 
31 i n )  and more continuous i n  t rench  3 (p l .  6). This i r r e g u l a r i t y  i s  
a t t r i b u t e d  t o  a l l u v i a l  cu t  and f i  11 dur ing  t he  most recent episode o f  
outwash depos i t ion  (RAG 5-6) i n  t he  melt-water channel. The moderate 
c l a y  contents w i t h  a r g i l l a n  development i n  some pa r t s  o f  u n i t s  4 and 5, 
t h e  stage I carbonate morphology i n  t rench  3 (appendix A, t a b l e  A.2, 
p r o f i l e  9), and the  low percentage of h i g h l y  weathered c l a s t s  suggests 
these reddish u n i t s  may be as 01 d as the  so i  1 s developed on RAG 5-6 
moraines i n t o  which t h i s  youngest surface i n  the  me1 t -water  channel can 
be traced. 

Above a second unconformity a t  the  t op  of t he  reddish u n i t s  are s i l t y ,  
p a r t i a l l y  laminated sediments ( u n i t  I ) ,  which are i n t e r p r e t e d  t o  be 
sediments deposi ted i n  ponded water i n  low areas i n  the  younger outwash 
channel. To the  southeast i n  t rench  2, u n i t  1 grades i n t o  u n i t  1A which 
i s sandier w i t h  some cobbles suggest ing h igher  energy f l u v i a l  deposi - 
t i o n .  Loca l l y ,  u n i t  1 i s  s t r a t i f i e d ;  high-angle cross-bedding (up t o  
40' d ip ,  p l .  5) occurs i n  sandier parts.  Small -scale fo lds  are probably 
t h e  r e s u l t  of soft-sediment deformation. Both u n i t s  grade upward i n t o  
c o l  luvium-loess deposi ts  which make up t he  modern A horizon. The 
co l  1 u v i  um-1 oess deposi ts  are 1 a t e r a l  l y  c o n t i  nuous a1 ong the  ent i r e  
l eng th  o f  trenches 2 and 3 and 1 i e  d i r e c t l y  on RAG 4 deposi ts  i n  the 
southeast h a l f  o f  t rench 2 and on RAG 5-6 deposi ts  i n  the northwest h a l f  
o f  t rench 2 and i n  t rench 3. Two depressions, each approximately 0.4 rn 
(1.3 f t )  deep and up t o  0.3 m (1.0 f t )  wide, were noted 8 and 11 m 
(26 and 36 f t )  southeast o f  the  northwest end o f  t rench  2 ( p l .  5). 
These depressions are k ro tov ina  (animal burrows) i n f i  1 l e d  w i t h  A and B 



s o i l  ho r i zon  ma te r i a l  which over1 i e s  u n i t  1. None o f  these fea tu res  
appear t o  be due t o  shear ing o r  f a u l t i n g .  

The age o f  u n i t  1 i s  uncer ta in ;  i t  o v e r l i e s  RAG 5-6 depos i ts  and t he  
modern s o i l  i s  developed on i t . The upper f i ne -g ra ined  sediments i n  
t renches 2 and 3 con ta in  a weak a r g i l l i c  ho r i zon  w i t h  a r g i l l a n s  on ped 
faces (appendix A, t a b l e  A.2, p r o f i l e s  4 and 9),  bu t  i t  i s  d i f f i c u l t  t o  
compare t he  r e l a t i v e  age o f  these s o i l s  w i t h  o the r  s o i l s  o f  t h e  area 
which a re  devel oped on coarse-grai  ned parent  ma te r i a l  s. By s t  ra-  
t i g r a p h i c  p o s i t i o n  and r e l a t i v e  s o i l  development, t h i s  s o i l  i s  much 
younger than RAG 5-6. The presence o f  an a r g i l l i c  ho r i zon  does suggest 
t h i s  s o i l  i s  more than a few thousand years  o l d  and i s  poss ib l y  
pre-Holocene i n  age ( f o r  example, Sco t t  and others ,  1982). Thus, a t  
l e a s t  t h e  lowest f i ne -g ra ined  pond depos i t s  probably date from RAG 7-8 
o r  RAG 9 (appendix A). 

4.2.4.4 Scarp Heights and Recurrence I n t e r v a l  s o f  Surface Di spl  acements 

Thi r ty -seven p r o f i  1 es were measured on f a u l t  scarps bounding t he  Towanta 
F l a t  graben du r i ng  t h e  summer o f  1979 us ing  a Jacob s t a f f  and plane 
t ab le .  The l o c a t i o n s  o f  t h e  s i x  groups o f  p r o f i l e s  a re  shown on 
p l a t e  3. Three p r o f i l e  groups (3, 4, 6 )  were measured on scarps i n  
RAG 3/4 depos i ts  and t h e  o the r  t h r e e  groups were measured on scarps i n  
t h e  melt-water channel on RAG 4 and RAG 4/5 deposi ts.  The range o f  scarp 
he igh t  measurements and t h e  average scarp he igh t  on each p r o f i l e  group 
a re  presented i n  t a b l e  4.3. These data, t oge the r  w i t h  t h e  i n t e r p r e t a -  
t i o n  o f  t r ench  1 ( t a b l e  4.2), form t h e  bas i s  f o r  est imates o f  t he  
recurrence o f  sur face displacements. 

Ana lys is  o f  topographic p r o f i l e s  across f a u l t  scarps devel oped i n  a1 1 u- 
vium i s  t h e  most w ide ly  used method o f  es t ima t i ng  t h e  recency o f  f a u l t  
movement i n  t h e  Basin and Range-Rocky Mountain reg ion  ( f o r  example, 
Nash, 1980; S te r r ,  1980; Mayer, 1982). A1 though t h e  age o f  t he  Towanta 
F l  a t  surfaces was est imated us ing  o the r  re1 a t  i ve-age methods (appendix 
A ) ,  an at tempt ( f o l l o w i n g  Wallace (1977), Bucknam and Anderson (1979), 
and Machette (1982))  was made t o  use t h e  r e l a t i o n  between f a u l t  scarp 
he igh t  and maximum f a u l t  scarp-sl  ope angle t o  p rov ide  independent e s t i -  
mates o f  t h e  ages o f  scarps on Towanta F l a t  ( f i g .  4.5). Whether t r e a t e d  
as one group o r  d i v i ded  i n t o  two o r  t h r e e  groups o f  d i f f e r i n g  r e l a t i v e  
age, maximum slope angle and scarp he igh t  da ta  do no t  d e f i n e  meaningful 
reg ress ion  1 i nes  t h a t  can be compared w i t h  regress ion 1 ines  from pre- 
v ious f a u l t  scarp s t ud ies  i n  Utah. Some reasons f o r  t h e  wide s c a t t e r  i n  
these da ta  may inc lude :  ( 1 )  use o f  p lane t a b l e  and a1 idade ra the r  than 
t h e  methods o f  Bucknam and Anderson (1979) t o  measure p r o f i l e s ,  ( 2 )  
p o s t f a u l t i n g  eros ion o f  some scarps by ephemeral streams i n  t h e  graben, 
( 3 )  d i f f e rences  i n  1 i t h o l o g y  compared w i t h  ma te r i a l s  s tud ied  e l  sewhere 
i n  Utah, ( 4 )  t he  f a c t  t h a t  these a re  mu1 t i p l e - e v e n t  scarps r a t h e r  than 
s ing le-event  scarps l i k e  those s tud ied  i n  some o ther  areas, and (5 )  a 
co lder  and mo is te r  c l i m a t e  on Towanta F l a t  than i n  o ther  s tud ied  areas. 
The importance o f  these e f f e c t s  cannot be evaluated a t  t h e  present ,  and 
thus, f i g u r e  4.5 cannot be used t o  f u r t h e r  c o n t r o l  t h e  age o f  f a u l t i n g  
on Towanta F l a t .  



Table 4.3. - Scarp he ights ,  est imated number o f  f a u l t  events, and average recurrence 
i n t e r v a l s  f o r  the  Towanta F l a t  graben 

Range of Average Apparent S l i p  r a t e  41 Average - 41 
Map 11 Age 21 Scarp 11 scarp scarp number - 31 from scarp- recurrence 

~ n i r  (KaT p r o f i  lQ heigh ts  he ight  o f  he igh t  i n t e r v a l  
group (m) (in) events (mmly r (k  y r )  

RAG 3 
NW 
SE 
SE 

RAG 4 
NW 

Ln 
03 RAG 415 

SE 
S E 

RAG 5-6 

Average displacement event recurrence i n t e r v a l :  30 k y r -58  k y r .  
Average subsidence ra te :  8.6 m i n  235 k y r  = 0.04 mnlyr. 
Maximum subsidence ra te :  23 m i n  235 k yr  = 0.10 mnlyr. 

NOTE: Underl ined numbers a re  our bes t  average estimates. 

11 Relative-age u n i t s  and scarp p r o f i l e  groups on P la te  3, NW and SE r e f e r  t o  scarps on - 
northwest and southeast margins o f  t he  graben. 
21 See Appendix A f o r  discussion. - 
3/ Assuming an average event displacement o f  2.2 m based on t rench 1 s t ra t i g raphy ;  
a/ Assuming no events i n  the  l a s t  140 k y r ;  because f a u l t  events postdate t he  map u n i t s  
TRAGS) s l  i p  ra tes  are minimum values and recurrence ra tes  are rnaxirnum values. 
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P r o f i l e s  across the Towanta F l a t  graben on RAG 3 and RAG 4 surfaces 
e s t a b l i s h  t h a t  there  i s  no ne t  v e r t i c a l  displacement across the graben 
(est imated accuracy 1-2 m ( 3 - 6  f t  ) ) . Therefore, the  assumption has been 
made t h a t  displacement events have con t r i bu ted  equa l l y  t o  scarp develop- 
ment on northwest bounding f a u l t s  (scarps w i t h  down-to-the-southeast 
sense o f  displacement) and southeast bounding f a u l t s  (scarps w i t h  down- 
to-the-northwest sense of displacement) . I n  comparing scarp hei  ghts on 
surfaces o f  d i f f e r e n t  age, mean scarp he ights  f o r  each scarp p r o f i l e  
group were used because they prov ide a b e t t e r  basis f o r  comparison than 
maximum scarp heights.  Trench 1 was excavated on the northwest bounding 
f a u l t  i n  RAG 3 deposi ts  where the  scarp he igh t  was about equal t o  the 
average o f  P r o f i l e  Group 3 measurements. 

Based on t rench  s t r a t i  graphy (sec. 4.2.4.3), average s i  ng l  e-event 
displacements a t  the  t rench  1 l o c a l i t y  are 2.1-2.6 m (6.9-8.5 f t ) .  This 
average displacement est imate suggests t h ree  t o  f ou r  equal - s i  zed f a u l t  
events could have formed the  RAG 3 sur face scarp ( t a b l e  4.3). Assuming 
t h e  same displacement per event, average scarp he ights  o f  6.3 and 2.1 m 
(20.7 and 6.9 f t )  on the  southeast bounding scarps ( p l .  3) may represent 
t h r e e  and one surface d i s p l  acement events, respec t i ve ly .  Using the same 
assumptions along the  5-km (3-mi ) l eng th  o f  the  Towanta F l a t  p o r t i o n  o f  
t h e  graben, the  4.8-m (15.7-ft) average scarp he ight  o f  P r o f i l e  Group 1 
may represent two events. Because t he re  i s  no net t e c t o n i c  displacement 
across t h i s  p o r t i o n  of the  graben, these displacements may have been 
accompanied by simi 1 a r - s i  zed sur face d i  sp l  acements a1 ong the  southeast 
bounding f a u l t s  i n  RAG 4/5 deposi ts  ( t a b l e  4.3). Trenches 2 and 3 
e s t a b l i s h  t h a t  t he re  have been no surface displacements s ince deposi t ion 
o f  RAG 5-6 deposi ts.  

Although the  data are ha rd l y  conclusive, t rench  1 s t r a t i g r a p h y  and 
rough age estimates based on so i  1 development suggest a mid- t o  
la te-Quaternary s l i p  r a t e  on the  nor thern graben f a u l t  a t  the t rench 
s i t e  o f  about 0.02 t o  0.03 mm/yr ( t a b l e  4.2, displacements d i v i ded  by 
best  age est imates).  There i s  no evidence o f  s i  gni f i c a n t  displacement 
a t  t h i s  s i t e  s ince the  depos i t ion  of u n i t  5. Un i t  5 accumulated grad- 
u a l l y  over many tens o f  thousands of years ( t a b l e  4.2). So i l  develop- 
ment i n  u n i t  5 suggests i t  began accumulating a t  l e a s t  50 ka and 
probably 150 ka. Minimum s l i p  ra tes  der ived from scarp he ights  and sur-  
face ages (assuming no s l i p  i n  the l a s t  150 k y r )  a re  0.03 t o  0.04 mm/yr 
( t a b l e  4.3). Assuming a l l  displacement events are roughly the  s i ze  o f  
those est imated a t  t rench  1, t o t a l  displacement d i v i ded  by average event 
displacement gives an average maximum recurrence on the  main graben 
f a u l t s  o f  roughly 60 k yr. However, depos i ts  i n t e r p r e t e d  t o  be about 
150 ka (app. A) a re  undisp l  aced. 

4.2.4.5 Extent  o f  F a u l t i n g  

Southwest o f  Towanta F l a t ,  t h ree  f a u l t s  are exposed i n  the Duchesne 
R iver  Formation (p l .  3), b u t  eros ion obscures surface t races  o f  the  
f a u l t s  from here t o  Pigeon Water Creek. These f a u l t s  p r o j e c t  toward the 
scarps on Towanta F l a t ,  bu t  none has surface expression suggesting 
Quaternary d i  sp l  acement . However, t he  area of m i  xed fl u v i  a1 and col  1 u- 



v i a l  deposi ts  west o f  Pigeon Water Creek i s  lower than Towanta F l a t ,  
suggest ing s i g n i f i c a n t  post-RAG 4 eros ion i n  t h i s  area. Thus, even i f  
t h e  f l u v i a l  and c o l l u v i a l  deposi ts  here are r e l a t i v e l y  t h i n  ( 1  t o  5 m; 
3 t o  16 f t ) ,  they may cover post-RAG 4 displacements on extensions o f  
t h e  Towanta F l a t  f au l t s .  Even so, the  t o t a l  mapped leng th  o f  the  f a u l t s  
would be less  than 10 km (6.2 mi) .  

L i k e  Hansen (1969b), no d i r e c t  evidence was found t h a t  the Towanta F l a t  
scarps extend east o f  the  melt-water channel. However, east o f  t he  Lake 
Fork River  ( p l .  3) t h e  g rad ien t  o f  an outwash sur face t h a t  co r re l a tes  
w i t h  Towanta F l a t  steepens ( f r om 11 t o  17 mlkm; 58 t o  90 f t / m i  ) f o r  
about 2 km (1.2 mi )  t o  the  south. This steeper grad ient  and a s i m i l a r  
g rad ien t  on Towanta F l a t  south o f  t he  graben (19 mlkm; 100 f t l m i )  may be 
due t o  t e c t o n i c  warping (Osborn, 1973, p. 64; Ritzma, 1974). 

4.2.4.6 Other Reported F a u l t i n g  Along t he  "Towanta Lineament" 

Based on Ritzma's work (1974), Anderson and M i l l e r  (1979) mapped a l a t e  
P le is tocene f a u l t  southeast and east o f  Tabiona, Utah (p l .  1) .  Ritzma 
( o r a l  communication, 1980) i n f e r r e d  t h i s  f a u l t  based on (1 )  t h e  anoma- 
1 ous l i n e a r  drainage o f  Wagstaff Hollow i n  an area otherwise charac- 
t e r i  zed by a we1 1 -developed dendri t i c  drainage pat tern,  ( 2 )  t h e  
occurrence o f  spr ings i n  Seep Hollow (east  o f  Wagstaff Hol low),  and 
( 3 )  t h e  f r a c t u r e  pa t t e rn  i n  t h e  Wagstaff Hollow area. This f a u l t  was 
suggested as a western extens ion o f  the f a u l t i n g  on Towanta F la t .  Not 
on l y  does Wagstaff Hollow drainage i n  sec. 36, T. 1 S., R. 7 W., and 
sec. 31, T. 1 S., R. 6 W. (USGS Tabiona and B l  ack ta i  1 Mountain, Utah, 
7-112-minute topographic quadrangles) have the  same general t r end  
(N. 70° E.) as the  f a u l t s  on Towanta F l a t ,  bu t  i t  a lso l i e s  along the  
p ro jec ted  s t r i k e  of these fau l t s .  However, drainage i n  Wagstaff Hol low 
i s  i nc i sed  approximately along the  s t r i k e  o f  t he  Duchesne R i ve r  
Formation (N. 75' E.). Thus, the  drainage appears t o  have cut  an asym- 
m e t r i c a l  s t r i k e  v a l l e y  i n t o  t he  Duchesne R i ve r  Formation. 

The f r a c t u r e  pa t t e rn  i n  t h i s  area cons is ts  predominantly o f  v e r t i c a l  t o  
near v e r t i c a l  (80' t o  90°) j o i n t s  t h a t  are c o n s i s t e n t l y  o r i en ted  i n  a 
north-south t o  N. 20° W. d i r e c t i o n .  Therefore, t he  Wagstaff Hollow 
drainage i n  sect ions 31 and 36 and the  p ro jec ted  Towanta F l a t  f a u l t i n g  
a re  o r ien ted  near ly  perpendicu lar  t o  the  j o i n t i n g  pattern.  

F i  na1 l y  , a1 though Anderson and M i  1 l e r  (1979) show the  f a u l t  t r end ing  
through Hicken Hollow (sec. 3, T. 2 S., R. 7 W., on the USGS Tabiona, 
Utah, 7-112-mi nu te  topographic quadrangle) , mappi ng a1 ong a 3.2-km 
( 2 4  ) reach o f  Hicken Hollow on e i t h e r  s ide  of the f a u l t  f a i l e d  t o  
reveal  d i  sp l  acement i n  t he  Duchesne R i ve r  Formation, desp i t e  good 
exposures. 

Ritzma (1974) a l s o  notes t h a t  along the  t r end  of the "Towanta 
Lineament ," l a t e r a l  m r a i  nes on the  east wa l l  of the Whiterocks R i ve r  
Val l e y  47 km (29 m i  ) nor theas t  o f  Towanta F l a t  appear t o  be d isp laced 
w i t h  scarps, suggesting normal f a u l t i n g  (down-to-the-south) t h a t  pro- 
j e c t s  i n t o  a f a u l t  mapped by Covington (1964) t r e n d i n g  N. 60' E. 



However, a reconnaissance o f  t h i s  area i nd i ca tes  t h a t  the l a t e r a l  
moraines were invo lved  i n  l ands l i d i ng ,  and t he  f a u l t  mapped by Covington 
i n  the bedrock has the  opposi te  sense o f  displacement (up-to-the-south) 
compared t o  the scarps i n  t he  moraines. 

4.2.4.7 Conclusions 

Mappi ng, re1 a t i  ve-age dat ing, and reg ional  c o r r e l a t i o n  o f  deposi ts  i n  
t h e  Towanta F l a t  area show t h a t  the  f a u l t  scarps are much o lde r  than 
suggested by ea r l  i e r  studies.  The c o l l  u v i  a1 s t r a t i g raphy  and soi  1 deve- 
lopment i n  t rench  1 suggest a t  l e a s t  t h ree  f a u l t i n g  events i n  the  l a s t  
250 t o  500 k y r  along t h i s  p a r t  o f  the graben. Three t o  four  surface 
displacement events dur ing  the  same per iod  are a lso  suggested by the 
scarp he igh t  data i n  t a b l e  4.3. No scarps were mapped i n  deposi ts  
i n t e r p r e t e d  t o  be 130 t o  150 ka (RAG 5-6, appendix A )  and these deposi ts 
were un fau l ted  i n  trenches 2 and 3. Four subsurface displacement events 
occurred between 250 t o  500 ka and 130 t o  150 ka i n d i c a t i n g  an average 
recurrence of 25 t o  90 k yr. The youngest event has an est imated age 
> I30  t o  150 ka suggesting t h e  p o s s i b i l i t y  t h a t  subsidence w i t h i n  the  
graben has ceased. 

Minimum subsidence ra tes  across i n d i  v idua l  scarps on Towanta F l  a t  were 
est imated a t  0.02 t o  0.04 mm/yr us ing scarp he ights  and surface ages 
( t a b l e s  4.2 and 4.3). Based on the  measured displacement o f  the  bedrock 
sur face  i n  the graben, maximum subsidence ra tes  do not exceed 0.10 mm/yr 
(23 m i n  235 k y r ) .  These subsidence ra tes  are an order o f  magnitude 
lower  than the  s l i p  ra tes  used by Doser and Smith (1982) who re1 i e d  on 
e a r l i e r  age est imates f o r  t h e  Towanta F l a t  deposi ts.  It should be 
emphasi zed t h a t  t he re  i s  no s i  gni f i  cant net  t e c t o n i c  d i  sp l  acement across 
t h e  Towanta F l a t  graben (a l though there  does appear t o  be gen t le  warping 
o f  the outwash surface).  For t h i s  reason, subsidence ra tes  on these 
f a u l t s  cannot be used as a measure of f a u l t  zone response t o  reg ional  
stresses, a t  l e a s t  i n  the  same way as other  net  t e c t o n i c  s l i p  ra tes 
measured across normal f a u l t s  w i t h  s i g n i f i c a n t  cumulat ive displacement. 

The o r i g i n  and r e l a t i o n s h i p  of t he  Towanta F l a t  f a u l t s  t o  reg ional  tec -  
t o n i c  s t resses and s t ruc tu res  are uncertain.  If the  f a u l t s  are a 
response t o  l a t e  Quaternary stresses, t h e i r  o r i e n t a t i o n  does not  agree 
w e l l  w i t h  the  o r i e n t a t i o n  o f  f a u l t i n g  i n f e r r e d  from the  microear th-  
quakes s tud ied  by Carver and others  (1983), o r  w i t h  the  r e s u l t s  discussed 
i n  sec t ion  4.1. The l i m i t e d  l a t e r a l  extent  of the scarps ( 5  km; 3 m i )  
and t h e i r  lack o f  net displacement across t he  graben do not suggest a 
normal f a u l t  zone repeatedly a c t i v e  du r i  ng t he  l a t e  Quaternary. 
Regard1 ess of o r i  g i  n, a1 though mu1 t i  p l e  displacements have occurred on 
t h e  scarps, i t  has been a t  l e a s t  130 k y r  (about two average recurrence 
i n t e r v a l s )  s ince  t he  l a s t  event. For these reasons, the  Towanta F l a t  
f a u l t s  are not considered capable of s i g n i f i c a n t  surface displacement 
events. 



4.2.5 Bear Wallow Fau l t  

Based on the  m i  croearthquake i nves t i ga t i ons  descr ibed i n  sec t ion  4.1, 
t h e  September 30, 1977, M 4.5 earthquake occurred on a normal f a u l t  
t r end ing  about N. 5" E., d i pp ing  t o  the east a t  35" t o  45". Based on 
t h i s  focal  mechanism and t he  hypocentral  d i s t r i b u t i o n  o f  rnicroearth- 
quakes, t h i s  i n f e r r e d  f a u l t  was p ro jec ted  updip t o  the  surface. This 
sur face  p ro jec t i on ,  shown on p l a t e  2, i s  i n  t he  v i c i n i t y  o f  Rock Creek. 

The apparent s t r i k e ,  d ip ,  sense o f  displacement, and the l o c a t i o n  o f  the 
surface t r a c e  of t h i s  i n f e r r e d  f a u l t  preclude the  occurrence o f  the 
earthquakes on the  Towanta F l a t  f a u l t s  o r  t he  unnamed f a u l t s  shown on 
p l a t e  3. Th is  conclusion suggests t h a t  t he  earthquakes are occur r ing  on 
a p rev ious ly  unmapped f a u l t .  Duchesne R i ve r  Formation and ove r l y i ng  
moraines are the  s u r f i c i a l  deposi ts  i n  the  v i c i n i t y  o f  the i n f e r r e d  sur-  
face trace. Review o f  a e r i a l  photographs and extens ive ground recon- 
na i  ssance f a i  1 ed t o  reveal  any evidence o f  north-south t r end ing  f a u l t s  
i n  the  area. 

4.2.6 Other Potent i  a1 Sei smi c Source Areas 

4.2.6.1 Strawberry and S t i n k i n g  Springs Fau l t s  

Two major, and a ser ies  o f  minor, nor th -  and nor theast - t rending f a u l t s  
d i sp lace  the  T e r t i  ary  bedrock u n i t s  near Strawberry Reservoi r approxi - 
mately 46 km (28 m i )  southwest o f  Upper S t i l l w a t e r  damsite, and 62 krn 
( 3 8  m i )  southwest o f  Taskeech damsite (Stokes and Madsen, 1961; Van 
Arsdale, 1979). A d e t a i  l e d  seismotectonic study o f  t h i s  area f o r  
So ld i e r  Creek Dam (Nelson and Mar t in ,  1982) concluded t h a t  the  
Strawberry f a u l t  ( t h e  longer  o f  the  two major f a u l t s )  has experienced 
s i g n i f i c a n t  surface displacements dur ing  the  Holocene ( t h e  l a s t  
10 k y r ) .  The S t i n k i n g  Springs f a u l t ,  5 km (3 m i )  t o  the east, i s  
s t r u c t u r a l l y  and phys iographica l  l y  s imi 1 a r  t o  the Strawberry f a u l t ,  bu t  
i t s  prominent topographic scarp i s  l ess  than h a l f  as long as t he  scarp 
on the  Strawberry f a u l t .  

Estimates o f  paleoearthquake magni tudes fo r  t he  Strawberry f a u l t  der ived 
from displacement data from two exp lo ra to ry  t renches across a f a u l t  
scarp range from M 5.9 t o  7.4. The l a r g e r  magnitude est imates are based 
on displacements which were probably the  r e s u l t  o f  more than one f a u l t  
event; i f  so, associated magnitudes would be l ess  than 7.0. However, 
these d i  sp l  acements were measured on a subs id ia ry  f a u l t  para1 1 e l  w i t h  
t h e  mai n f a u l t  whi ch may have experienced l a r g e r  d i  sp l  acements. Fau l t  
1 ength-magni tude  re l a t i onsh ips  (Slemmons, 1977) suggest the Strawberry 
f a u l t  i s  capable of generat ing a magnitude 7.0 earthquake, assuming the 
leng th  of the f a u l t  marked by i t s  prominent topographic scarp ruptures 
i n  a s i n g l e  event. S t r a t i g r a p h i c  u n i t s  exposed i n  the trenches and age- 
da t i ng  s tud ies  i n d i c a t e  recurrence i n t e r v a l  s f o r  these l a r g e s t  surface 
f a u l t i n g  events on the Strawberry f a u l t  are i n  the  range 1.5 t o  10 k y r .  





4.2.6.3 Duchesne-Pleasant Val l e y  Fau l t  System 

A se r ies  o f  discont inuous east-west- t rendi  ng normal f a u l t s  shown by 
Stokes and Madsen (1961) i n the  U in ta  Basin south o f  the Duchesne R iver  
a re  r e a d i l y  d i s c e r n i b l e  on Landsat images (Peterson and others,  1982) 
and on a e r i a l  photographs. Th is  f a u l t  system consis ts  o f  a zone o f  
numerous para1 l e l  f r ac tu res  up t o  3.4 km (2.1 m i  ) wide, and extends 
about 50 km (30 m i  ) through a d issected bad1 ands t e r r a i n  o f  the  U i  n t a  
Formation o f  Eocene age. Ray and others  (1956) suggest t h a t  t h i s  f a u l t  
system cons is ts  o f  two main f a u l t s  which appear t o  over1 ap; displacement 
on one f a u l t  increases where t he  o ther  f a u l t  begins t o  d i e  out. The 
U in ta  Formation i n  t h i s  p o r t i o n  o f  the  basin cons is ts  o f  semicon- 
so l  i da ted  shales, mudstones, s i  1 ts tones,  and sandstones t h a t  are q u i t e  
suscep t ib le  t o  erosion. Topographic expression o f  the f a u l t  scarps i s  
a t  l e a s t  12 m (40 f t )  a long  segments o f  the  f a u l t s ;  but  s t r a t i g r a p h i c  
displacement i s  unknown. There i s  no topographic expression o f  f a u l t i n g  
i n  Holocene deposi ts i n  major drainages t h a t  i n t e r s e c t  the f a u l t s .  

Osmond (1964) suggested t h a t  these f a u l t s  are due t o  d i f f e r e n t i a l  com- 
pac t i on  across a fac ies  change i n  the  under ly ing  bedrock. Later ,  Osborn 
(1973) suggested the  f a u l t i n g  along the  Duchesne-Pleasant Val ley f a u l t  
system "has been q u i t e  recent,  perhaps w i t h i n  the  l a s t  one thousand 
years" based on the  very f resh-appearing f a u l t  scarps. These f a u l t s ,  
however, a re  not shown by Anderson and M i l l e r  (1979). 

The major drainages f low gene ra l l y  t o  the nor theast  across t he  f a u l t  
zone; however, second order  drainages are s t r u c t u r a l l y  con t ro l led .  
These minor drainages debouch from the  south i n t o  grabens formed by the  
f a u l t s  and then are d i r e c t e d  e i t h e r  t o  the east o r  west along the s t r i k e  
of these grabens u n t i l  they encounter major throughgoing drainages t h a t  
i n t e r s e c t  the  grabens. F a u l t i n g  has in f luenced the  present drainage 
pa t te rn ,  b u t  the major drainages downcut a t  a greater  r a t e  than the s l i p  
r a t e  on t he  f au l t s .  This i nd i ca tes  on ly  t h a t  the  f a u l t s  are probably o f  
Quaternary age. 

The e leva t i on  o f  Quaternary gravels  of RAG 3 (see appendix A) on t e r race  
remnants south o f  the  Duchesne R i ve r  i nd i ca tes  t h a t  base l eve l  was about 
50 m (150 f t )  above i t s  present p o s i t i o n  dur ing  RAG 3 deposi t ion.  
Because they are lower, t h e  f a u l t  scarps must postdate RAG 3 deposi t ion,  
bu t  no d i  r e c t  evidence of d isp laced RAG 3 gravels  was found a1 ong the  
p ro jec ted  s t r i k e  of the  fau l ts .  Thus, t he  f a u l t i n g  i s  c e r t a i n l y  younger 
than 500 ka and poss ib ly  younger than 150 ka (RAG 3), bu t  o l de r  than 
undi  sp l  aced mid- t o  la te-Hol  ocene a1 1 u v i  a1 deposits. These f a u l t s  are 
42 km (26 m i  ) and 50 km (31  m i  ) f rom the  Taskeech and Upper S t i  l l w a t e r  
damsi tes ,  respec t i ve ly ,  and because they are not the  con t ro l  1 i ng seismic 
source areas f o r  these damsites, they were not  s tud ied f u r t he r .  



4.2.6.4 Taskeech Ground Cracks 

I n  l a t e  October 1977, f o l l o w i n g  t he  earthquake events o f  September 30 
through October 11 i n  the  general area o f  Taskeech damsite, a ser ies  o f  
ground cracks was detected near the  nor theast  edge o f  the upper reser-  
v o i r  s i t e  (Cook, 1979). The ground cracks are located i n  the  NE1/4 o f  
sec. 34 and NW1/4 o f  sec. 35, T. 2 N., R. 5 W., a t  e leva t ions  ranging 
from about 2354 t o  2366 m (7720 t o  7760 f t ) .  One t o  f i v e  cracks were 
found t o  extend f o r  a cumulat ive leng th  o f  about 400 m (1300 f t )  i n  an 
arcuate p a t t e r n  across a zone up t o  9.1 m (30 f t )  wide. This f r a c t u r e  
p a t t e r n  i s  convex upslope t o  the  northeast,  and both ex t rem i t i es  appear 
t o  terminate near an i r r i g a t i o n  canal. The crown o f  the cracks, 
approximately 274 m (900 f t )  i n  leng th  and t r end ing  genera l l y  t o  the 
northwest, 1 i e s  about 50 m (160 f t )  upslope o f  the  canal, and the l imbs 
approach t he  t r end  o f  the canal i n  a near ly  perpendicu lar  o r i en ta t i on .  
I n  a d d i t i o n  t o  these ground cracks, randomly o r ien ted  subs id ia ry  ground 
cracks were noted extending a t  l e a s t  100 m (300 f t )  downslope o f  the 
canal. A t  t he  surface, t he  cracks are up t o  0.2 m (0.5 f t )  wide and are 
somewhat discont inuous on t h e  ground surface. Surface i n s p e c t i  on 
suggests poss ib ly  some subsidence has occurred across the 9.1-m (30 - f t )  
wide f r a c t u r e  zone, a1 though no d i  sp l  acement i s  readi  l y  d i s c e r n i b l e  
across i ndi  v i  dual cracks. 

The cracks cross a gen t l y  southwest-sloping sur face i n  a l l u v i a l  fan 
deposi ts.  These deposits, based on bedrock exposures imnediate ly  
upslope, o v e r l i e  the  Woodside Shale and Thaynes Limestone t o  an unknown 
depth. 

Subsurface i nves t i ga t i ons  by Central  Utah P ro jec t  personnel were con- 
ducted i n  November 1977 t o  determine i f  the  ground cracks were re l a ted  
t o  surface rup tu re  o f  the  September 30 through October 11, 1977, ear th -  
quake events. Two exp lo ra to ry  trenches were excavated i n  the area o f  
t h e  ground cracks (Travel  Report o f  Mark McKeown dated December 28, 
1977). Trench 1 was excavated across the p ro jec ted  s t r i k e  o f  the 
nor thwest - t rendi  ng ground cracks a t  a poi n t  ups1 ope where both s u r f  i c i  a1 
ma te r i a l s  and bedrock would be exposed i n  t he  trench. Trench 1 revealed 
no evidence o f  d i s r u p t i o n  o r  d i  sp l  acement o f  the  s u r f i c i  a1 mater i  a1 s. 
However, due t o  t h e i r  arcuate nature, i t  appears t h a t  t rench 1 d i d  not 
i n te rsec t  the ground cracks where they d isp laced s u r f i c i  a1 mater i  a1 . 
Trench 2 was excavated across an area o f  well-developed ground cracks 
about 60 m (200 f t )  northwest o f  t rench  1. Surface mani festat ions a t  
t h i s  l o c a t i o n  suggested some displacement had occurred. This t rench was 
excavated e n t i r e l y  i n  a l l u v i a l  fan deposi ts  and exposed f ou r  near- 
v e r t i c a l  cracks. Two o f  t he  cracks were open up t o  0.1 m (0.3 f t )  a t  
t h e  surface, b u t  were closed a t  depth w i t h  on ly  a h a i r l i n e  crack con- 
t i n u i n g  t o  the bottom of t he  trench. The exposed a1 l u v i  a1 fan deposi ts 
con ta i  ned gravel  lenses which unequivocal l y  demonstrated t h a t  no d i  s-  
placement had occurred across t he  cracks i n  t rench  2. 



The f r a c t u r e s  are i n t e r p r e t e d  as tens ion  cracks t h a t  developed i n  an 
area o f  s lope f a i l u r e  and do not  represent sur face f a u l t i n g .  The 
a rcua te  p a t t e r n  of ground cracks probably de l inea tes  the  i n c i p i e n t  head 
scarp o f  a  lands l ide.  The exact mode o f  f a i l u r e  i s  unknown, bu t  the  
d iscovery  of t he  ground cracks s h o r t l y  a f t e r  the  earthquake events o f  
September 30 through October 11, 1977, suggests s lope f a i l u r e  may have 
been induced by v i b r a t o r y  ground motions. 



5. Maximum Cred ib le  Earthquakes 

The i d e n t i f i e d  seismic sources t h a t  a re  p o t e n t i a l l y  s i g n i f i c a n t  t o  the  
des ign of t h e  proposed Taskeech and Upper S t i l l w a t e r  Dams a re  t he  Bear 
Wall ow f a u l t ,  t h e  U in ta  Basin-South Flank and/or nor th - t rend ing  f a u l t  
system ( i  .e., mountain f l ank  f a u l t s )  t h e  Uasatch f a u l t ,  and t h e  
Strawberry and S t i n k i n g  Spr ing  f a u l t s .  The s i g n i f i c a n c e  o f  these 
seismic sources i s  discussed separa te ly  below. 

5.1 Bear Wallow Fau l t  

The occurrence o f  t h e  earthquakes o f  1950 and 1977 suggest a  p o t e n t i a l  
l o c a l  source o f  earthquakes i n  t h e  Taskeech damsite region. The 
a f te rshock  s tudy conducted by t h e  USGS/UU (sec. 3.3.2) and t h e  micro- 
seismic i n v e s t i g a t i o n  conducted du r i ng  t h i s  s tudy (sec. 4.1) de f ined  t he  
causa t i ve  s t r u c t u r e  t o  be t h e  no r t h - t r end i  ng, eas t -d ipp i  ng Bear Wall ow 
f a u l t .  The l ack  o f  evidence f o r  f a u l t i n g  along t h e  i n f e r r e d  sur face 
p r o j e c t i o n  o f  t h i s  f a u l t  leads t o  t h e  conc lus ion t h a t  these earthquakes 
a re  occur r ing  on a subsurface f a u l t ,  a  t y p i c a l  c h a r a c t e r i s t i c  o f  
moderate magnitude earthquakes i n  t h e  ISB (sec. 3.3.1). 

An MCE (maximum c r e d i b l e  earthquake) o f  magnitude 6.0 i s  assigned t o  the  
Bear Wallow f a u l t .  Th is  es t imate  i s  based on t h e  l ack  o f  evidence f o r  
su r face  rup tu re  assoc ia ted w i t h  t h i s  f a u l t  (see sec. 5.2 f o r  d i scuss ion  
on sur face  rup tu re  versus magnitude i n  Utah),  and on t he  f a u l t  dimensions 
as de f ined  by t h e  m i c rose i sm ic i t y  us ing  t h e  magnitude versus f a u l t  area 
r e l a t i o n s h i p  o f  Wyss (1979). Assuming t h a t  t he  o r i e n t a t i o n  o f  t h e  f a u l t  
p lane de f ined  on f i g u r e  4.4 i s  co r rec t ,  t h e  f a u l t  extends i n  depth from 
4.7 t o  9.3 km (2.9 t o  5.8 mi ) .  Using a  conserva t i ve  d i p  est imate of 40' 
r e s u l t s  i n  a  t o t a l  f a u l t  w id th  ( i  .e., downdip dimension) o f  7.2 km 
(4.5 mi ) .  A conserva t i ve  est imate o f  t h e  leng th ,  as de f ined  by t h e  ep i -  
cen te r  d i s t r i b u t i o n ,  i s  11 km (7  mi ) .  Thus, t h e  f a u l t  area i s  approx i -  
mate ly  79 km2 (30 mi2).  The f a u l t  area r e l a t i o n  o f  Wyss (1979): 

y i e l d s  a  maximum magnitude es t imate  o f  6.0. The f oca l  depth i s  assumed 
t o  be 7.0 km (4.3 m i ) ,  thus,  p l a c i n g  t h e  ep icen te r  a t  2.0 km (1.2 m i )  
west of Taskeech darnsite. 

5.2 Mountain Flank Fau l t s  

The concealed U in ta  Basin f a u l t  i s  general l y  be1 ieved t o  be t h e  major 
s t r u c t u r a l  f ea tu re  bounding t h e  south f l a n k  o f  t h e  U in ta  Mountains 
w i t h i n  t h e  study area. The South Flank f a u l t ,  considered t o  be an t i t he -  
t i c  t o  t h e  U in ta  Basin f a u l t  (Campbell , 1975), developed i n  response t o  
t h e  major mountain forming up th rus t i ng  along t h e  U in ta  Basin f a u l t  
du r i ng  t h e  Laramide orogeny. As t h e  co re  o f  t h e  Uin tas was t h r u s t  ver -  
t i c a l l y  as we l l  as l a t e r a l l y  over t h e  Paleozoic and Mesozoic sediments 
t o  the  south, an i s o s t a t i c  imbalance and s t a t e  o f  tens ion  was created i n  
t h e  u p l i f t e d  block.  Adjustments t o  t h i s  c o n d i t i o n  apparent ly  occurred 
by normal f a u l t i n g  along t h e  South Flank f a u l t .  Because o f  t h e i r  d i r e c t  



s t r u c t u r a l  re1 a t ionsh ip ,  es t ima t i on  o f  t h e  p o t e n t i a l  f o r  seismic a c t i v -  
i t y  on one f a u l t  must i n c l u d e  cons idera t ion  o f  t h e  o ther  f a u l t .  

The U in ta  Basin f a u l t  i s  concealed f o r  i t s  e n t i r e  leng th ;  t he re fo re ,  no 
outcrop evidence i s  a v a i l a b l e  t o  eva luate t h e  age o f  most recent  
f a u l t i n g .  The South Flank f a u l t ,  however, i s  exposed f o r  much o f  i t s  
130-km l eng th  and i n  many l o c a l e s  i s  onlapped by sediments ranging i n  
age from 01 igocene (Browns Park Formation) through Holocene. No geo- 
l o g i c  evidence f o r  displacement o f  these T e r t i a r y  and Quaternary  sed i -  
ments has been documented f o r  t he  western 100-km p o r t i o n  o f  t h e  South 
Flank f a u l t ,  and t h e  evidence suggests t h e r e  has no t  been recu r ren t  sur -  
face  d i s p l  acement on t h e  f a u l t  s ince  t h e  01 igocene. This would suggest 
t h a t  t h e  major i s o s t a t i c  and tens iona l  adjustments i n  t h e  up1 i f t e d  b lock 
were accomplished by e a r l y  Oligocene. 

The ex is tence  o f  m i c rose i sm ic i t y  i n  t h e  v i c i n i t y  of t h e  South Flank 
f a u l t  i n  t h e  study area remains t o  be explained. The l o c a l  i zed  re l a -  
t i v e l y  h i gh  r a t e  o f  a c t i v i t y  a t  t he  western l i m i t  o f  t he  mapped t r a c e  o f  
t h e  f a u l t  east  o f  Kamas may i n d i c a t e  t h e  South Flank f a u l t  extends west 
beneath undisp l  aced 1  a t e  Quaternary  outwash grave l  s  a1 ong t h e  Provo 
R i ve r  ( S u l l i v a n  and o thers ,  i n  prep.). Th is  i n f e r r e d  p o r t i o n  o f  t h e  
f a u l t  has a  WNW s t r i k e ,  t he re fo re ,  as a  p r e e x i s t i n g  zone o f  weakness, 
cou ld  be expected t o  generate small magnitude events i n  response t o  
ob l  i q u e l y  d i  rec ted  east-west extens ional  stresses. 

The sca t te red  events t h a t  were loca ted  w i t h i n  a  few k i l ome te r s  bo th  
n o r t h  and south o f  t h e  South Flank f a u l t  west o f  Moon Lake d u r i n g  t he  
microse ismic  i n v e s t i g a t i o n ,  suggest t h i s  p o r t i o n  o f  t h e  f a u l t  may be 
re l eas ing  minor amounts o f  s t ress .  Consider ing t he  cu r ren t  reg iona l  
s t r ess  f i e l d ,  however, i t  - i s  more 1  i k e l y  t h a t  these microearthquakes are 
occu r r i ng  on nor th - t rend ing  f a u l t s  ( s i m i l a r  t o  t h e  Bear Wallow f a u l t )  
t h a t  may o r  may no t  be expressed a t  t h e  surface. Th is  would exp la i n  why 
earthquakes occurred n o r t h  o f  t h e  su r face  t r a c e  o f  t h e  south-dipping 
South Flank f a u l t .  The r e s o l u t i o n  o f  these data does no t  permi t  a  more 
d e f i n i t i v e  conclusion. 

The occurrence o f  two microearthquakes w i t h i n  3 km ( 2  m i )  o f  Upper 
S t i l l w a t e r  damsite d u r i n g  t h e  6 months o f  mon i to r ing  i n  1980, t h e  
ex is tence  o f  t h e  South Flank f a u l t  as a  major s t r u c t u r a l  zone o f  
weakness i n  t h e  v i c i n i t y  o f  t h e  damsite, and the  ex is tence  o f  mapped 
nor th - t rend ing  f a u l t s  i n  t h e  area, i n d i c a t e  a  l o c a l  MCE should be 
assigned. Th is  MCE i s  concluded t o  be M 6.0, t h e  same as t h a t  f o r  t h e  
Bear Wallow f a u l t .  There i s  no evidence o f  Quaternary su r face  d isp lace-  
ment o f  any o f  these f a u l t s  and no d i r e c t  seismologic evidence f o r  a c t i -  
v i t y  on any s p e c i f i c  f a u l t .  Th is  conc lus ion i s  p red ica ted  on t he  
cons ide ra t i on  t h a t  t e c t o n i c  s t resses a re  c l e a r l y  be ing re leased i n  t he  
area and t h a t  major zones o f  weakness a re  present,  a l though i t  i s  no t  
poss ib l e  t o  spec i f y  which ones a re  c u r r e n t l y  a c t i v e  w i t h  t h e  e x i s t i n g  
data. 



This  MCE o f  M 6.0 i s  cons is ten t  w i t h  the  h i s t o r i c  record of surface rup- 
t u r e  i n  Utah. The on ly  earthquake t o  have produced surface f a u l t i n g  i n  
Utah dur ing  h i s t o r i c  t imes (1847' t o  present)  was the 1934 M 6.6 Hansel 
Val ley event, which was accompanied by 0.5 m (1.6 f t )  o f  surface 
displacement. Seven other  earthquakes o f  magnitude greater  than or 
equal t o  6.0 but  less  than 6.6 have occurred i n  Utah wi thout  producing 
sur face rupture.  This suggests the  magnitude th resho ld  f o r  surface 
displacement i n  Utah i s  i n  t he  magnitude range o f  6.0 t o  6.5. It i s ,  
however, apparent t h a t  earthquakes o f  magnitude 6.0 o r  less  have 
occurred w i t h i n  the  study area dur ing  the  Quaternary wi thout  leav ing  
s u r f i c i a l  evidence t o  document such an event. Therefore, an MCE o f  
magnitude 6.0 should be considered c r e d i b l e  f o r  the  Upper S t i  1 lwa te r  
damsite area. The ep i cen t ra l  d is tance i s  judged t o  be 2 km (1.2 m i  ) ,  
t h e  same as the  ep i cen t ra l  d is tance f o r  the  MCE o f  M 6.0 a t  Taskeech 
damsi te. 

5.3 Wasatch F a u l t  

Extensive s tud ies a t  f ou r  s i t e s  on the Wasatch f a u l t  by Woodward-Clyde 
Consultants have documented the h igh  r a t e  o f  earthquake a c t i v i t y  on t h i s  
s t r u c t u r e  (Swan and others,  1980). The h i  s t o r y  o f  surface displacement , 
as revealed i n  trenches placed across young f a u l t  scarps, i n d i c a t e  
earthquakes o f  magnitude 6.5 t o  7.5 have occurred repeatedly dur ing  the 
Holocene. The average recurrence o f  earthquakes i n  t h i s  magnitude range 
has been est imated a t  50 t o  430 years f o r  t he  e n t i r e  Wasatch f a u l t  and 
f rom 500 t o  several thousand years f o r  any i n d i v i d u a l  segment. 

Trench d i  sp l  acement and f a u l t  d i  sp l  acement -magni tude  re1 a t i onsh i  ps 
(Slemmons, 1977) suggest t h e  magnitude o f  the  l a r g e s t  earthquake capable 
o f  occur r ing  on the  Wasatch f a u l t  i s  7.5 (see d iscuss ion i n  Nelson and 
Mar t in ,  1982, p. 83). Therefore, t he  MCE assigned t o  the Wasatch f a u l t  
i s  M 7.5. 

5.4 Strawberry and S t i n k i n g  Springs Fau l t s  

Estimates o f  paleoearthquake magnitudes f o r  t he  Strawberry f a u l t  der ived 
f rom displacement data from two exp lo ra to ry  trenches across a f a u l t  
scarp no r th  o f  Strawberry Reservo i r  ( p l .  1 )  a re  i n  the  range o f  5.9 t o  
7.4 (Nelson and Mar t in ,  1982). These displacements were measured on a 
subs id i  a r y  f a u l t  para1 1 e l  w i t h  t he  mai n f a u l t  which may have experienced 
l a r g e r  displacements. S t r a t i g r a p h i c  u n i t s  exposed i n  the  trenches and 
age-dating s tud ies  i n d i c a t e  recurrence i n t e r v a l s  fo r  the l a r g e s t  surface 
f a u l t i n g  events on the  Strawberry f a u l t  are i n  t he  range 1.5 t o  10 k y r ,  
most probably 3 t o  5 k y r .  Fau l t  length-magnitude re l a t i onsh ips  
(Slemmons , 1977) suggest t he  Strawberry f a u l t  i s  capable o f  generat ing a 
magnitude 7.0 earthquake, assuming the  leng th  of the Strawberry f a u l t  
marked by i t s  prominent topographic scarp ruptures i n  a s i n g l e  event. 
The MCE f o r  the  Strawberry f a u l t  i s ,  thus, M 7.0. 



A1 though t he re  e x i s t s  no evidence t o  suggest t h a t  recent d i  sp l  acements 
on the  S t i n k i n g  Springs f a u l t  have been less  than those on t he  
Strawberry f a u l t ,  geophysical data obtained dur ing  o i  1 exp lo ra t i on  i n  
t h e  area suggest displacements a t  a depth o f  3000 m (10 000 f t )  may be 
an order o f  magnitude less  on the  S t i n k i n g  Springs f a u l t  than on the 
Strawberry f a u l t .  The topographic scarp o f  the  S t i n k i n g  Springs f a u l t  
i s  shor te r  than t h a t  of t he  Strawberry f a u l t  [I1 k m  (7 m i )  versus 28 k m  
(16 m i  )], suggesting the  leng th  o f  f a u l t  segments subject  t o  repeated 
rup tu re  are shorter.  A magnitude o f  6.5, der i ved  from f a u l t  length-  
magni tude re1 a t  i onshi ps, corresponds w i t h  t h e  physiographic leng th  o f  the 
S t i n k i n g  Springs f a u l t  (Nel son and Mar t in ,  1982). These d i f fe rences  i n  
physiographic f a u l t  l eng th  and displacement a t  depth suggest a somewhat 
smal ler  MCE f o r  the S t i n k i n g  Springs f a u l t  than f o r  the Strawberry f a u l t  
(Nelson and Mar t in ,  1982). The MCE assigned t o  the  S t i n k i n g  Springs 
f a u l t  i s ,  therefore,  M 6.5. 

5.5 Other Seismic Source Zones 

5.5.1 Towanta F l a t  Fau l t s  

Based on the  r e s u l t s  o f  t rench ing  and scarp p r o f i l i n g  a t  Towanta F l a t ,  
t h e  average recurrence i n t e r v a l  of 2.1-2.4-111 sur face displacements i s  
about 60 k y r  ( sec t i on  4.2.4.7). Further,  it has been 130 k y r ,  o r  two 
o r  more average recurrence i n t e r v a l s  s ince t he  l a s t  surface displacement 
a t  Towanta F l a t .  Therefore, f u tu re  sur face d i  sp l  acements associated 
w i t h  earthquakes a t  Towanta F l a t  are u n l i k e l y  and are judged t o  pose no 
hazard t o  Taskeech o r  Upper S t i l l w a t e r  Dams. Fur ther  support f o r  t h i s  
conc lus ion i s  provided by t h e  foca l  mechanisms fo r  the Bear Wallow 
earthquake, i n  the  v i c i n i t y  of Towanta F l a t ,  which suggests s t ress  
re lease a long a plane o r i en ted  N. 5' E. ; t h e  f a u l t s  a t  Towanta F l a t s ,  
which s t r i k e  N. 40' E. t o  N. 70' E., a re  apparent ly  unfavorably  o r ien ted  
f o r  contemporary surface f a u l t i n g .  I n  add i t ion ,  the  earthquake magni - 
tude, surface d i  sp l  acement , and rup tu re  leng th  re1 a t i  ons of S l  emmons 
(1977) suggest surface displacements o f  2 rn (7 f t )  a re  accompanied by 
sur face rup tu re  lengths o f  greater  than 20 km (12 mi) .  The t o t a l  length 
of f a u l t i n g  a t  Towanta F l a t ,  however, can be const ra ined t o  13 km ( 8  m i  ) 
o r  less  w i t h  associated scarp lengths o f  on ly  5 km (3 mi )  f o r  the past 
250 t o  500 k yr .  

The shor t  f a u l t  lengths, t he  lack  of net v e r t i c a l  displacement across 
t h e  graben, the  r e s t r i c t e d  t ime i n t e r v a l  over which the displacements 
apparent ly  occurred, and t h e i r  unfavorable o r i e n t a t i o n  i n  the  contem- 
porary  s t r ess  f i e l d  suggest t h a t  these f a u l t s  may have a nonseismogenic 
o r i  gin. 

5.5.2 Duchesne-Pl easant Val l e y  Fau l t  System 

Reconnai ssance geologic mapping o f  the  Duchesne-Pleasant Val 1 ey f a u l t  
system suggests t h a t  displacements along these f a u l t s  postdate RAG 3 
Quaternary deposi ts  , bu t  predate l a t e  Holocene deposits. Because t h i  s 
f a u l t  system i s  42 and 50 km (26 and 31 m i  ) f rom Taskeech and Upper 
S t i  1 lwa te r  damsi tes,  respec t i ve ly ,  no deta i  l e d  s tud ies were conducted t o  



determine t h e  a c t i v i t y  o r  i n a c t i v i t y  o f  these f a u l t s  as they  a re  no t  
considered p o t e n t i  a1 l y  c o n t r o l  1 i n g  seismic source areas f o r  t h e  sub jec t  
damsi tes .  

5.6 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 h e  
Taskeech-Upper S t i l l w a t e r  damsites r eg ion  can be est imated from an 
earthquake magnitude versus frequency o f  occurrence r e l a t i o n s h i p  o f  t he  
usual form: 

I n  t h i s  equat ion,  N i s  t h e  cumulat ive number o f  earthquakes o f  magni- 
tude  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 a re  
constants  empi r i c a l  l y  determined from t h e  avai  1 ab le  h i s t o r i c  record. 
I d e a l l y ,  a l a r g e  da ta  se t  c o n s i s t i n g  o f  many earthquakes o f  va ry ing  
magnitudes occu r r i ng  over a l ong  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  reg ion  o f  t h e  dam- 
s i t e s ,  however, i s  shor t  and incomplete; thus ,  data 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 ~ 0 l u t i O n  f o r  the 
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  area by 
Smith and Arabasz (1979) us ing  t h e  129-year h i s t o r i c  resord o f  ear th-  
quake occurrence from 1850 through 1978. The 92 810-km (35 850 mi2) 
area i s  out1 ined on f i g u r e  3.6 and inc ludes  t h e  Taskeech and Upper 
S t i l l w a t e r  damsites region. 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) : 

as j u s t i f i e d  app l i cab le  i n  Utah by t h e  U.S. Geological  Survey (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  se t  was cor rec ted  f o r  
i ncompl eteness u s i  ng t he  method o f  Stepp (1972). The resu l  t a n t  formul a 
sca led t o  1000 km2 (390 mi2)  i s :  

The b va lue equal t o  0.72 i s  t h e  s lope o f  t h e  l oga r i t hm ic  curve and i s  
a t  t h e  low end o f  t h e  emp i r i ca l  range o f  values. Thus, t h e  occurrence 
o f  earthquakes 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  ind ica -  
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 Fron t  area. 
The a value, equal t o  1.01, i s  a measure o f  t h e  earthquake f l u x  w i t h i n  
t h e  92 810-km2 ( 3 5  850 mi2) Wasatch Fron t  area. It i s  a f f e c t e d  by t h e  
numerous small subareas t h a t  have no t  experienced earthquakes du r i ng  t he  
129-year per iod,  and t h a t  a re  inc luded  i n  t h e  c a l c u l a t i o n  as a con- 
sequence o f  t h e  method o f  ana lys is .  Therefore,  t h e  a value does no 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  repre- 
sents  an average r a t e  o f  a c t i v i t y  w i t h i n  any 1000-km2 (390 mi2) area 
w i t h i n  t h e  sampled region. 



The determi n a t i o n  o f  s p e c i f i c  f au l  t - r e1  a ted  earthquake recurrence must 
i n c l  ude any know1 edge o f  s i  te-spec i  f i c a c t i  v i  t y  known o r  suspected o f  
occu r r i ng  on t he  f a u l t  i n  question. Assuming t he  h i s t o r i c  record o f  
earthquake occurrence on t h e  Bear Wallow f a u l t  i s  complete s ince about 
1900 f o r  earthquakes o f  s i m i l a r  magnitude t o  the  January 18, 1950, event 
(M 2 4.5), t he re  have been two earthquakes of magni tude  4.5 o r  l a r g e r  i n  
t h e  area assoc ia ted w i t h  t h e  f a u l t  du r ing  t h e  l a s t  80 years. Accounting 
f o r  t h i s  r a t e  o f  a c t i v i t y  r e s u l t s  i n  a mod i f ied  recurrence r e l a t i o n  o f  
t h e  form: 

as i s  i l l u s t r a t e d  on f i g u r e  5.1. Due t o  t he  c lose  p rox im i t y  o f  the dam- 
s i t e s  ( 2 3  km), t h i s  more conserva t i ve  curve w i l l  be used t o  determine 
recurrence i n t e r v a l s  f o r  earthquakes l i k e l y  t o  a f f e c t  t he  design and 
ope ra t i on  o f  both Taskeech and Upper S t i l l w a t e r  Dams (see secs. 6.1.1 
and 6.2.1). 
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R I C H T E R  M A G N I T U D E  

Figure 5.1. Earthquake mapni tude versus frequency of occurrence for the 
Bear Wall ow f a u l  t and surrounding area. 



6.0 Concl u s i  ons 

The f o l l o w i n g  conclusions are based upon our understanding o f  the pre- 
sent t e c t o n i c  regime o f  the  U in ta  Mountains and Basin, the h i s t o r i c  
se i  smi c i t y  o f  t h i  s region, and de ta i  l e d  geol og i  c and sei  smologi c 
i n v e s t i g a t i o n s  conducted i n  the  v i c i n i t y  o f  the  Taskeech and Upper 
S t i l l w a t e r  damsites, Central  Utah Pro ject ,  Utah. 

6.1 S i t e  S p e c i f i c  Conclusions f o r  Taskeech Dam and Reservo i r  

Se ismica l l y  induced hazards which may be s i g n i f i c a n t  t o  the design and 
opera t ion  of the  proposed Taskeech Dam and Reservo i r  inc lude  ground 
motions from earthquakes, s lope s tab i  1 i t y ,  reservo i  r seiche, 1 ique- 
f ac t i on ,  surface f a u l t i n g ,  and reservo i  r-i nduced se ismic i t y .  
Conclusions o f  these f a c t o r s  are presented below; however, a d e t a i l e d  
ana lys is  o f  the  hazards posed by each o f  these e f f e c t s  i s  beyond the 
scope of t h i s  report .  

6.1.1 Design Earthquakes 

Table 6.1 summarizes the p e r t i n e n t  data f o r  the  MCE's assigned t o  those 
seismic sources tha t ,  based on t h e i r  p rox im i t y  t o  the  damsite and t h e i r  
i n fe r red  capabi 1 i t y  t o  generate moderate-to-1 arge magnitude earthquakes, 
a re  considered s i g n i f i c a n t  t o  the design o f  t he  proposed Taskeech Dam. 
Also inc luded i n  t a b l e  6.1 are t he  R i ch te r  magnitudes, ep i cen t ra l  
d istances, and foca l  depths of the  earthquakes capable o f  r ecu r r i ng  (on 
t h e  average) every 25 and 100 years on the  Bear Wallow f a u l t .  

Table 6.1. - Design earthquakes f o r  Taskeech Dam 

Maximum 100-year 25-year Epi c e n t r a l  Focal 
Tectoni  c c r e d i b l e  earthquake earthquake d is tance depth 
s t r u c t u r e  earthquake (ML (ML) (km) (km) 

Wasatch f a u l t  7.5 (MS) - - 105 7 

S t  rawberry 7.0 (Ms) - - 64 6 
f a u l t  

S t i n k i n g  6.5 (ML) - - 58 4.5 
Springs f a u l t  

Bear Wallow 6.0 (ML) 5.2 4.3 2 7 
f a u l t  



Only t h e  Bear Wallow f a u l t  i s  considered a s i g n i f i c a n t  seismic source 
f o r  these o ther  design earthquakes. The r a t i o n a l e  f o r  t h i s  de te r -  
m ina t i on  i s  as fo l l ows .  The magnitudes o f  earthquakes w i t h  average 
recurrence i n t e r v a l s  o f  25 and 100 years  t h a t  a re  expected t o  occur on 
t h e  Bear Wallow f a u l t  a re  est imated from t h e  earthquake recurrence curve 
shown on f i g u r e  5.1. The slope of t h i s  curve, t h e  b value, was der i ved  
from t h e  129-year h i s t o r i c  record o f  earthquake occurrence i n  t he  I S B  i n  
c e n t r a l  and nor thern  Utah. Determinat ion o f  t h e  zero magnitude i n t e r -  
cept,  t h e  a value, was based on t h e  presumed occurrence o f  two magni- 
tude  4.5 earthquakes on t h e  Bear Wallow f a u l t  du r i ng  t h e  preceding 
80 years  (sec. 5.6). 

For t h e  purpose o f  es t ima t i ng  t h e  25- and 100-year earthquakes expected 
t o  occur on t h e  o ther  p rev i ous l y  de f ined  seismic sources, we have 
assumed t h e  recurrence curve f o r  t he  Bear Wallow f a u l t  i s  app l i cab le  
throughout t h e  s tudy area. The 25- and 100-year earthquakes f o r  t he  
mountain f l a n k  f a u l t s  (i.e., U in ta  Basin-South Flank and/or nor th-  
t r e n d i n g  f a u l t s )  near Upper S t i l l w a t e r  damsite, and t he  Strawberry and 
S t i n k i n g  Springs f a u l t s  near Strawberry and So ld i e r  Creek Dams w i  11 , 
the re fo re ,  be equ iva len t  t o  t he  magnitude 4.3 and 5.2 earthquakes 
de f i ned  f o r  t h e  Bear Wallow f a u l t .  Because o f  t h e  much g rea te r  d is tances 
from these f a u l t s  t o  Taskeech damsite (see t a b l e  6.1), t h e  occurrence of 
magnitude 4.3 and 5.2 earthquakes on those o ther  f a u l t s  has l i t t l e  
s i g n i f i c a n c e  compared t o  t h e  Bear Wallow f a u l t .  

6.1.2 Slope S t a b i l i t y  

A R i c h t e r  magnitude 6.0 earthquake occu r r i ng  a t  an ep i cen t ra l  d i s tance  
o f  2 km (1.2 m i )  from t h e  Taskeech damsite cou ld  r e a c t i v a t e  t h e  e x i s t i n g  
l a n d s l i d e s  and t r i g g e r  a d d i t i o n a l  s lope i n s t a b i l i t i e s  i n  t h e  r e s e r v o i r  
and t h e  area surrounding t h e  dam. P o t e n t i a l  s lope i n s t a b i l i t y  and bank 
cav ing i s  expected t o  occur along t h e  sho re l i ne  i n  weathered, semicon- 
so l  i da ted  bedrock and s u r f i c i a l  depos i ts ,  as a r e s u l t  o f  s a t u r a t i o n  and 
t h e i r  s u s c e p t i b i l i t y  t o  wave eros ion.  The p o t e n t i a l  f o r  movement i n  t he  
form o f  r o c k f a l l  i n  t h e  r e s e r v o i r  area i s  low, a l though i t  does e x i s t .  
The mass o f  rock invo lved ,  however, would be re1 a t i v e l y  minor  and should 
no t  pose a hazard t o  t h e  dam. 

6.1.3 Reservo i r  Seiche 

Seiche induced by v i b r a t o r y  ground mot ion and/or l a n d s l i d i n g  can be 
expected i n  Taskeech Reservoir .  Wave generat ion due t o  ground motion, 
however, i s  be l ieved  t o  be o f  minor consequence, and reac t i va ted  
l a n d s l i d e  masses moving i n t o  t h e  r e s e r v o i r  a re  no t  considered t o  pose a 
s i g n i f i c a n t  hazard. 

6.1.4 L i que fac t i on  

The l i q u e f a c t i o n  p o t e n t i a l  a t  t h e  damsite i s  t h e  sub jec t  o f  separate 
f u r t h e r  studies.  Thi s p o t e n t i a l  should be evaluated cons ider ing  t h e  
earthquake load ings proposed i n  t h i s  repor t .  



6.1.5 Sur face  F a u l t i n g  

Sur face r u p t u r e  has n o t  been assoc ia ted  w i t h  earthquakes o f  magni- 
t u d e  6.0 o r  l e s s  i n  t h e  S t a t e  o f  Utah. There fore ,  we do n o t  expect  sur -  
f a c e  r u p t u r e  o r  o t h e r  s i g n i f i c a n t  t opograph ic  changes t o  be assoc ia ted  
w i t h  t h e  occur rence o f  a magni tude 6.0 o r  s m a l l e r  earthquake i n  t h e  
v i c i n i t y  o f  Taskeech damsi te.  

6.1.6 Reservo i r - induced S e i s m i c i t y  

Reservo i  r - induced s e i s m i c i t y  has been e m p i r i c a l  l y  re1  a ted  t o  r e s e r v o i r s  
w i t h  t h e  f o l l  owing genera l  c h a r a c t e r i s t i c s :  ( 1 )  water  dep th  i n  excess 
o f  92 m (301.8 f t ) ,  ( 2 )  wa te r  volume i n  excess o f  1.2 x 109 m3 
(106 a c r e - f t ) ,  and ( 3 )  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  ( Woodward-Clyde 
Consu l tan ts ,  1977). The proposed Taskeech Reservo i r ,  w i t h  a maximum 
wa te r  dep th  o f  about 66.5 m (218 f t )  and a volume o f  9.7 x 107 m3 
(7.85 x 104 a c r e - f t ) ,  does n o t  meet t h e  dep th  o r  volume c r i t e r i a .  I n  
t h e  event  earthquakes a r e  induced by r e s e r v o i  r f i  11 ing ,  we be1 i e v e  they  
would n o t  exceed t h e  magni tude 6.0 MCE proposed f o r  t h e  Bear Wallow 
f a u l t .  

6.2 S i t e  S p e c i f i c  Conc lus ions f o r  Upper S t i l l w a t e r  Dam and Reservo i r  

S e i s m i c a l l y  induced hazards which may be s i g n i f i c a n t  t o  t h e  des ign  and 
o p e r a t i o n  o f  t h e  proposed Upper S t i l l w a t e r  Dam and Reservo i r  i n c l u d e  
ground mot ions  f rom earthquakes,  s lope  s t a b i l i t y ,  r e s e r v o i r  seiche,  s u r -  
f a c e  f a u l  t i  ng , and r e s e r v o i  r- i nduced s e i  smi c i  ty. Concl u s i  ons of t hese  
f a c t o r s  a r e  presented below; however, a d e t a i l e d  a n a l y s i s  o f  t h e  hazards 
posed by  each o f  t hese  e f f e c t s  i s  beyond t h e  scope o f  t h i s  r e p o r t .  

6.2.1 Design Earthquakes 

Tab le  6.2 summarizes t h e  p e r t i n e n t  d a t a  f o r  t h e  MCE's ass igned t o  those  
se i sm ic  sources t h a t  a r e  cons idered s i g n i f i c a n t  t o  t h e  des ign  o f  t h e  
proposed Upper S t i l l w a t e r  Dam based on t h e i r  p r o x i m i t y  t o  t h e  damsi te  
and t h e i r  assumed c a p a b i l i t y  t o  genera te  moderate t o  l a r g e  magni tude 
earthquakes. 

A1 so summarized i n  t h i  s t ab1  e a r e  t h e  magnitudes, e p i c e n t r a l  d i s tances ,  
and f o c a l  depths o f  t h e  25- and 100-year d e s i g n  earthquakes r e l e v a n t  t o  
t h e  proposed Upper S t i l l w a t e r  Dam. 

Fo r  s i m i l a r  reasons t o  t h o s e  presented f o r  Taskeech damsi te  r e g a r d i n g  
t h e  Bear Wallow f a u l t ,  o n l y  t h e  mountain f l a n k  f a u l t s  (i.e., t h e  l l i n t a  
Basin-South F lank and/or  n o r t h - t r e n d i n g  f a u l t s )  a r e  cons idered s i g n i f i -  
c a n t  t o  Upper S t i l l w a t e r  damsi te  w i t h  rega rd  t o  t h e  occur rence o f  25- 
and 100-year events.  A l l  o t h e r  se ismic  sources a r e  much t o o  f a r  away t o  
be o f  s i g n i f i c a n c e  t o  Upper S t i l l w a t e r  Dam shou ld  earthquakes o f  t hese  
magnitudes occur  on those  f a u l t s  d u r i n g  t h e  l i f e t i m e  o f  t h e  s t r u c t u r e .  



Table 6.2. - Design earthquakes f o r  Upper S t i l l w a t e r  Dam 

Maxi mum 100-year 25-year Epi c e n t r a l  Focal 
Tecton ic  c r e d i b l e  earthquake earthquake d i s t ance  depth 
s t r u c t u r e  earthquake (ML) (ML) (km) (km) 

Wasatch f a u l t  7.5 (Ms) - - 84 7 

Strawberry 7.0 (Ms) - 
f a u l t  

S t i n k i n g  6 -5  (ML) - - 45 4.5 
Spr ings f a u l t  

Mountain f l a n k  6.0 (ML) 5.2 4.3 2 7 
f a u l t s  

6.2.2 Slope S t a b i l i t y  

The p o s s i b i l i t y  o f  major deep-seated i n s t a b i l i t y  i n  t h e  dam and reser-  
v o i r  area i s  be l ieved  t o  be remote. Minor i n s t a b i l i t i e s  should be 
expected i n  t h e  t a l u s  depos i t s  along t h e  base o f  bo th  v a l l e y  wa l l s  a t  
t h e  damsite and rese rvo i r .  M a t e r i a l s  i n  t h e  r e s e r v o i r  area w i l l  be 
r e l a t i v e l y  s t a b l e  w i t h  respect  t o  wave eros ion,  sa tu ra t ion ,  and i ce -  
heaving (USBR, 1978). Movement i n  t h e  form o f  rock f a l l  should be 
expected along t h e  per iphery  of t he  r ese rvo i r .  The mass o f  rock 
invo lved,  however, w i  11 be minor and should no t  endanger t he  s t r u c t u r a l  
i n t e g r i t y  o f  t h e  dam. 

6.2.3 Reservo i r  Seiche 

The most l i k e l y  cause o f  seiche phenomenon i n  t he  Upper S t i l l w a t e r  
Reservo i r  i s  v i b r a t o r y  ground motion. Seiche due t o  ground mot ion i s  
no t  expected t o  pose a s i g n i f i c a n t  hazard t o  Upper S t i l  l w a t e r  Dam. As 
noted above, major l a n d s l i d e s  a re  no t  expected as a r e s u l t  o f  seismic 
a c t i v i t y  and, the re fo re ,  should no t  induce seiche phenomenon. 

6.2.4 Surface F a u l t i n g  

Surface rup tu re  has no t  been associated w i t h  earthquakes o f  magni- 
tude 6.0 o r  l e s s  i n  t he  S ta te  o f  Utah. Therefore,  we do no t  expect sur- 
face rup tu re  o r  o ther  s i g n i f i c a n t  topographic  changes t o  be associated 
w i t h  a magnitude 6.0 earthquake i n  t h e  v i c i n i t y  o f  Upper S t i l l w a t e r  dam- 
s i t e .  



6.2.5 Reservo i r - induced S e i s m i c i t y  

Reservo i  r - induced s e i s m i c i t y  has been ernpi r i c a l  l y  re1 a ted  t o  r e s e r v o i r s  
w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  ( 1 )  water  dep th  i n  excess o f  92 m 
(302 f t )  , ( 2 )  water  volume i n  excess o f  1.2 x 109 m3 (106 a c r e - f t )  , and 
( 3 )  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  ( Woodward-Clyde Consu l tan ts ,  1977). 

The proposed Upper S t i l l w a t e r  Reservo i r ,  w i t h  a maximum water  depth  o f  
about  82 rn (270 f t )  and a volume o f  3.7 x 107 m3 (3.0 x 104 a c r e - f t ) ,  
does n o t  meet t h e  dep th  o r  volume c r i t e r i a .  I n  t h e  event  earthquakes 
a r e  induced by r e s e r v o i r  f i l l i n g ,  we b e l i e v e  t h e y  would n o t  exceed t h e  
magni tude 6.0 MCE proposed f o r  t h e  mountain f l a n k  f a u l t s .  



7. Recommendations 

1. Geologic 1 i t e r a t u r e  and t h e  microseismic record should be 
reviewed p e r i o d i c a l  l y  as p a r t  o f  the  SEED process fo r  data a f f e c t i n g  
t h e  conclusions o f  t h i s  repor t .  

2. Since f a u l t i n g  through t he  Taskeech Dam foundat ion cannot pre- 
s e n t l y  be precluded, geo log ic  mapping of the  core t rench  should be 
performed t o  determine i f  f a u l t i n g  i s  present. If f a u l t s  are found, 
t h e  age r e l a t i o n s h i p s  o f  those f a u l t s  should be evaluated w i t h  
respect  t o  t he  f i nd i ngs  of t h i s  r epo r t  on the  sur face f a u l t i n g  hazard 
t o  Taskeech damsite. 
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APPENDIX  A 

QUATERNARY GEOLOGY OF THE TOWANTA F L A T  AREA 



The Quaternary depos i t s  of t h e  western U in ta  Basin and adjacent south 
f lank o f  t h e  U in ta  Mountains cons is t  o f  g l a c i a l  , a1 l u v i a l  , and co l  l u v i a l  
ma te r i a l  s. Ti  11 and i ce -con tac t  s t r a t i f i e d  d r i f t  1 i n e  t he  major 
va l leys ,  and i n  some drainages o l d e r  moraines extend up t o  12 km ( 7  mi) 
beyond t h e  mouths of t h e  va l leys .  Extens ive outwash p l a i n s  extend 
southward from t h e  major va l  l eys ,  and g l a c i a l l y  re1 ated a1 1 u v i a l  
depos i t s  cover much o f  t h e  bedrock sur faces n o r t h  o f  t h e  Duchesne River  
( f i g .  1.1 and p l  . 1). Older a l l u v i a l  depos i t s  cap sca t t e red  remnants of 
t h e  h ighes t  e ros ion  sur faces which s lope southward from t h e  Uintas. 
C o l l  u v i a l  depos i t i on  has c o n t i  nued throughout  t h e  Quaternary and 
depos i t s  a re  widespread on slopes, being g rada t iona l  w i t h  bo th  g l a c i a l  
and a1 l u v i a l  sediments. 

A. l  E a r l i e r  Studies 

As i n  much o f  t h e  Rocky Mountain reg ion,  prev ious s tud ies  o f  t h e  
Quaternary geology i n  t h e  U in ta  Basin and U in ta  Mountains have empha- 
s i zed  t h e  g l a c i a l  chronology. Atwood's (1909) study of g l a c i a t i o n  i n  
t h e  U in ta  and Wasatch Mountains was t h e  f i r s t  d e t a i l e d  mapping of t h e  
Quaternary depos i t s  i n  t h i s  area. Atwood (1909) recognized t he  depos i ts  
o f  two episodes o f  g l a c i a t i o n  and found l i m i t e d  evidence f o r  a t h i r d ,  
e a r l i e r  g l a c i a l  event. Moraines o f  each event and adjacent outwash 
depos i t s  were mapped i n  a l l  t h e  major drainages o f  t h e  Uin ta  Mountains. 

I n  a c l a s s i c  study o f  t h e  geomorphology o f  t h e  n o r t h  f l a n k  o f  t h e  
U i  n tas  , Brad1 ey (1936) d i  scussed t h e  devel opment o f  two h i  gh-1 eve1 
T e r t i a r y  e ros ion  surfaces and mapped two younger P le is tocene surfaces as 
w e l l  as t h e  moraines o f  t h r e e  g l a c i a l  "stages" along t r i b u t a r i e s  o f  t he  
Green River.  Bradley (1936, p. 195) c o r r e l a t e d  these moraines w i t h  
B lackwelder 's  (1915) g l a c i a l  sequence i n  t h e  Wind R iver  Mountains o f  
Wyomi ng. 

On t h e  south f l a n k  of t h e  eastern Uintas,  Kinney (1955) c o r r e l a t e d  t h e  
h ighest  e ros ion  surfaces w i t h  Brad1 eyls (1936) 01 dest (Gi 1 b e r t  Peak) 
su r face  and mapped lower surfaces as t h e  Lake Mountain su r face  o f  
T e r t i a r y  age and t h e  Jensen sur face o f  l a t e s t  T e r t i a r y  o r  e a r l i e s t  
Quaternary age. Lower s t r a t h  t e r r a c e s  a long Ashley and Brush Creeks 
( p l .  1) were c o r r e l a t e d  w i t h  moraines o f  an " e a r l i e s t  g lac ia t ion , "  
"maximum g lac ia t ion , "  and " l a t e s t  g l a c i a t i o n "  i n  t h e  drainages o f  t h e  
U i  n t a  and Whi te rocks  R i  vers. These g l a c i a l  events were t e n t a t i  ve l y  
c o r r e l a t e d  w i t h  Brad ley 's  (1936) g l a c i a l  "stages" (Kinney, 1955, 
p. 135). 

C lark  (1957) and Marse l l  (1964) prov ided very  genera l ized reviews o f  t h e  
geomorphology o f  t h e  U in ta  Basin. The compi la t ion  o f  Stokes and Madsen 
(1961) shows some g l a c i  a1 depos i ts  no t  recognized by prev ious workers 
(Osborn, 1973, p. 21). 

Schoenfeld (1969) i d e n t i f i e d  several  p re -Bu l l  Lake e ros ion  surfaces and 
mapped g l a c i a l  depos i t s  of B u l l  Lake, Pinedale, and Neoglacial  age i n  
t h e  Burnt  Fork drainage on t h e  n o r t h  f l a n k  o f  t h e  U in ta  Mountains. 
Morphol ogy , re1 a t i  ve p o s i t i o n  i n  t he  drainage, and boulder abundance f o r  



moraines and r e l a t i v e  e l e v a t i o n  f o r  outwash t e r races  were t h e  main 
re1 at ive-age mapping c r i t e r i a  used, making c o r r e l a t i o n s  t o  o the r  areas 
uncer ta in .  

The on l y  d e t a i l e d  mapping o f  t h e  Quaternary  depos i ts  i n  t h e  Towanta F l a t  
area i s  t h a t  o f  Osborn (1973). Osborn mapped g l a c i a l  depos i t s  o f  e i gh t  
d i  f f e r e n t  re1 a t i v e  ages i n  t h e  Ye1 1  owstone and U i  n t a  R ive r  drainages 
us ing  morphost ra t i  graphy and 1  i m i t e d  sur face  weather ing and so i  1  s  data. 
He then  c o r r e l a t e d  these moraine and outwash t e r races  one f o r  one w i t h  
Richmond's (1965) standard g l a c i a l  sequence i n  t h e  Wind R iver  
Mountains. The remnants o f  former a l l u v i a l  surfaces i n  t h e  nor thern  
U in ta  Basin were mapped i n  l e s s  d e t a i l ,  bu t  were r e l a t e d  t o  t h e  moraine 
sequences a t  t h e  mouths o f  t h e  Lake Fork and U in ta  R ive r  v a l l e y s  w i t h  
recons t ruc ted  t e r r a c e  p r o f i  les .  Osborn (1973) concl uded h i  s  work w i t h  
an extended d iscuss ion  o f  these a l l u v i a l  surfaces and t h e  Quaternary 
h i s t o r y  o f  t h e  basin. 

Other recent  t h e s i s  work i n  t h e  area by Grogger (1974) i s  f o r  t h e  most 
p a r t  concerned w i t h  Holocene and Neogl a c i a l  depos i ts  i n  t h e  upper p a r t s  
o f  drainages on t h e  n o r t h  f l a n k  o f  t h e  Uin tas and prov ides on ly  
genera l ized desc r i p t i ons  o f  t h e  moraines depos i ted du r i ng  e a r l i e r  
pe r iods  o f  major g l a c i a t i o n .  Grogger (1974) o f f e r s  no d e t a i l e d  
r e l a t i ve -age  data o r  mapping t o  subs tan t i a t e  h i s  a p p l i c a t i o n  o f  a  more 
d e t a i l e d  subd i v i s i on  o f  B rad ley 's  (1936) g l a c i a l  chronology t o  t h e  
moraines i n  h i s  study area (Grogger, 1974, p. 43) o r  h i s  c o r r e l a t i o n  o f  
t h i s  sequence t o  o thers  i n  t h e  Western Uni ted States (Grogger, 1974, 
p. 202). 

A.2 Quaternary Deposi ts o f  Towanta F l a t  Area 

We mapped Quaternary g l a c i a l ,  a l l u v i a l ,  and co l  l u v i a l  depos i t s  of n ine  
r e l a t i v e  ages i n  t h e  Towanta F l a t  area, ( p l  . 3) us ing t h e  gene t i c  symbol 
mapping system o f  S o i l  Survey Committee (1978) and Keaton (1980). 
M o d i f i e r s  t o  the  main gene t i c  symbol i n d i c a t e  t h e  su r face  form o f  t h e  
depos i t  ( lower  case l e t t e r s )  and i t s  r e l a t i v e  age (numbers). We have 
used t h e  f l i g h t  o f  a l l u v i a l  t e r r aces  along t h e  Lake Fork R ive r  (Atwood, 
1909, pp. 49 and 52) as a  re ference p o i n t  f o r  determin ing r e l a t i v e  age. 
A t  l e a s t  seven d i s t i n c t  t e r r aces  a re  present  near t h e  r i v e r  ( l e v e l s  3  
through 9  on p l  . 3 and f i g .  A.l), and t h e  o l d e r  h igh- leve l  surfaces i n  
t h e  area can be d i v i ded  i n  two groups (RAGS ( re l a t i ve -age  groups) 1 
and 2) .  However, t h e  d i f f e r e n c e  i n  e l e v a t i o n  o f  t h e  r i v e r  t e r r aces  does 
no t  imp l y  a  s i g n i f i c a n t  t i m e  d i f f e r e n c e  between any two o r  t h r e e  t e r -  
races. Re1 a t i  ve weather ing data ( d i  scussed below) i n d i c a t e  t h e  major 
t ime  breaks i n  t h e  sequence. We have grouped t e r r a c e  l e v e l s  5  and 6 and 
7 and 8  i n t o  s i n g l e  r e l a t i ve -age  groups (RAG 5-6 and RAG 7-8) on t h e  
bas is  o f  t h e  major r e l a t i v e  weather ing breaks i n d i c a t e d  by s o i l s  and 
sur face  weather ing data (discussed below). Where t h e  age o f  a  par-  
t i c u l a r  map u n i t  i s  uncer ta in ,  o r  where ma te r i a l s  o f  several  ages a re  
inc luded  i n  t h e  same u n i t ,  a  range o f  r e l a t i v e  ages i s  i n d i c a t e d  (see 
exp lana t ion  o f  p l  . 3). 

We have re1 i e d  on Osborn's (1973) morphos t ra t ig raph ic  mapping over most 
o f  h i s  area o f  study, but  we d isagree w i t h  h i s  c o r r e l a t i o n  o f  moraines 
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Figure A .l. Terrace surface p r o f i l e s  along the Lake Fork River showing the 
p ro jec t i on  o f  c o r r e l a t i v e  surfaces on Towanta F l a t  and along p a r t  o f  the 
Duchesne River, moraine c res t  out1 ines, so i  1 p r o f i  1  e descr ip t ion  locat ions,  
and s o i l  carbonate morphology stage (G i l e  and others, 1966) i n  exposures. 
Terrace surfaces have been numbered from highest t o  lowest, 2 through 9 , to  
provide informal re1 ative-age categories f o r  deposits i n  the area. 



and t e r races  along t h e  Lake Fork R ive r  n o r t h  o f  Towanta F l a t  ( p l  . 3) 
w i t h  t h e  g l a c i a l  sequence i n  t h e  Yellowstone R iver  v a l l e y  (1973, p. 78). 
For t h i s  reason, and because t h e  l o c a l  names he proposed f o r  g l a c i a l  
events have not been pub1 i shed o r  used e l  sewhere, we p re fe r  t o  assign 
numbers t o  our Quaternary depos i ts  of d i f f e r i n g  r e l a t i v e  age ( f o r  
example, Bi r k e l  and and others,  1979) ( p l  . 3, f i g s .  A . l  and A.2). 

Below, we d iscuss t h e  moraines and t e r races  o f  RAG 3 and younger 
depos i t s  i n  t h e  v i c i n i t y  o f  Towanta F l a t .  Landforms and depos i t s  o f  
RAGS 1 and 2 a re  discussed i n  a l a t e r  sec t i on  (A.3) on t h e  r e l a t i o n s h i p  
o f  t h e  Towanta F l a t  depos i t s  t o  Quaternary a1 1 u v i a l  sediments e l  sewhere 
i n  t h e  U in ta  Basin. 

A.2.1 Moraines 

Al though no moraines i n  t h e  Towanta F l a t  area are apparent ly  d isp laced 
by f a u l t s ,  emphasis was placed on re l a t i ve -age  d a t i n g  t h e  moraines as 
we l l  as t h e  te r races  because most o the r  RD ( r e l a t i v e - d a t i n g )  s tud ies  i n  
t h e  Rocky Mountain reg ion  have been done on moraines. Moraine data are 
t h e  bas is  f o r  c o r r e l a t i n g  t he  Towanta F l a t  sequence w i t h  o ther  chron- 
o l og ies  i n  t h e  region. 

Four areas o f  moraines which d i f f e r  i n  t h e i r  r e l a t i v e  degree o f  d issec-  
t i o n ,  number o f  c losed depressions, su r face  slopes, and c r e s t  widths 
( t a b l e  A.l) are  found along t h e  south s i de  o f  t h e  Lake Fork River,  no r t h  
o f  Towanta F l a t .  The most eroded moraines grade i n t o  t h e  outwash making 
up Towanta F l a t  and t h e  younger moraines a re  nested w i t h i n  t h e  o l de r  
( p l .  3). However, t h e  boundaries between each group o f  moraines are not 
everywhere d i  s t  i n c t  . For example, RAG 5-6 moraines gradual l y  grade 
northward from moderate-sized te rmina l  moraines i n t o  i ce -s tagna t ion  
moraines w i t h  a d i f f e r e n t  o r i e n t a t i o n  and morphology. I n  some cases, 
younger moraines can be d i s t i ngu i shed  from o lde r  because low outwash 
t e r races  which grade i n t o  t h e  younger moraines extend downstream through 
channels eroded through t h e  o l de r  moraines. Where t e r races  a re  not pre-  
sent, however, sur face weather ing and s o i l s  data show where t h e  boun- 
da r i es  between d i f f e r e n t  ages o f  moraines should be drawn. 

A.2.1.1 Surface weather ing and morphology 

Morphologic and sur face weather ing c r i t e r i a  have been very use fu l  i n  
many areas o f  t h e  North American C o r d i l l e r a  i n  mapping g l a c i a l  depos i ts  
o f  d i f f e r e n t  r e l a t i v e  age (e.g., Nelson, 1954; Burke and Bi rke land,  
1979). Our use o f  morai ne sur face re1 a t i v e  weather ing techniques 
focused on t h e  moraines mapped as Yellow Ledges and He l l  I s  Canyon by 
Osborn (1973, p. 78) n o r t h  o f  Towanta F l a t .  Although he d i d  not f i n d  
most o f  these techniques use fu l  i n  h i s  mapping, Osborn (1973, p. 34) as 
we l l  as Atwood (1909, p. 53) f e l t  t h a t  t h e  percentage of moraine sur face 
boulders r e t a i n i n g  some p o l i s h  was o f  some use i n  d i s t i n g u i s h i n g  one 
moraine from another ( f o r  example, He1 1 I s  Canyon from Ye1 1 ow Ledges 
moraines i n  some areas). However, t h e  percentage of po l i shed  boulders 
d i d  not  c o n s i s t e n t l y  decrease on o l d e r  moraines. Osborn a1 so admit ted 
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Figure A.2. Terrace surface p r o f i l e s  along Rock Creek and Duchesne River  
showing the  p ro jec t i on  o f  c o r r e l a t i v e  surfaces along the  Lake Fork River, 
moraine c res t  out l ines,  s o i l  carbonate stage (G i l e  and others, 1966) i n  
exposures, and the  l oca t i on  o f  the  Antelope Canyon gravel p i t  where 
paleomagnetic and amino ac id  samples were col lected.  Terrace surfaces 
have been numbered us ing the relat ive-age groups defined using the t e r -  
races along the Lake Fork River ( f i g .  ~ . 1 ) .  
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t h e r e  was cons iderab le  v a r i a t i o n  i n  these values from one s i t e  t o  
another and presented l i t t l e  q u a n t i t a t i v e  data. 

Comparison o f  reconnaissance data us ing most o f  t he  weather ing parameter 
methods used by Osborn (1973), Shroba (1977), and Burke and B i r ke l and  
(1979) suggested 12 parameters were most use fu l  i n  d i s t i n g u i s h i n g  
moraines o f  d i f f e r e n t  age ( t a b l e  A.l).  These parameters were measured 
a t  12 s i t e s  i n  t h e  Lake Fork moraines ( p l  . 3). Measurements were made 
a t  one s i t e  on the  te rm ina l  Jackson Park moraines o f  Osborn (1973, h i s  
p l .  1 )  ( s i t e  39, p l .  1 )  i n  t h e  Yellowstone drainage i n  order  t o  compare 
values on these youngest moraines w i t h  those from the  Lake Fork 
morai nes. We a l so  sampled f ou r  s i t e s  on t he  moraines a1 ong Rock Creek 
west o f  Towanta F l a t  ( s i t e s  28 through 31; p l .  1 )  t o  he lp  i n  c o r r e l a t i n g  
them w i t h  the  Lake Fork moraines. 

Parameter values ( t a b l e  A.l) were q u i t e  v a r i a b l e  from s i t e  t o  s i t e  even 
w i t h i n  moraines o f  the  same mapped re l a t i ve -age  group. For some param- 
e te r s ,  such as morai ne widths,  s lope angles , and percent pol i shed 
stones, t h e  values measured on t he  o ldes t  moraines were c l e a r l y  d i f -  
f e r e n t  from those on younger moraines nearer t h e  Lake Fork River .  
However, o t he r  parameters d i d  not show c l e a r  age dependency and the 
problems o f  where t o  draw t h e  boundary between moraines o f  RAG 5-6 and 
RAG 7-8 (Ye1 low Ledges and He1 1 ' s  Canyon moraines o f  Osborn, 1973), and 
t h e  r e l a t i v e  age r e l a t i o n s h i p  o f  t h e  Rock Creek moraines t o  t h e  Lake 
Fork moraines could  not  be reso lved from i nspec t i on  of the  raw sur face 

. weather ing data. 

Other g l a c i a l  geo log is ts  have noted s i m i l a r  problems w i t h  us ing  RD tech- 
niques i n  t h e  U in tas  (R. R. Shroha and P. E. Carrara,  USGS, Denver, o r a l  
communication, 1979) due t o  t he  predominance of q u a r t z i t e s  o f  the  U in ta  
Mountain Group i n  t he  d r i f t .  The qua r t z i t es ,  e n t i r e l y  l a c k i n g  i n  e a s i l y  
weatherable minera ls ,  weather much more s l ow l y  and more unevenly than 
t he  grani  t i c  rocks most o f t e n  used in. su r face  weatheri ng s tud ies.  
D i f f u s e  r i n d s  o f  i r r egu l  a r  th ickness form i n  some of t he  o lder ,  coarser-  
gra ined qua r t z i t es .  Some o f  the  wh i t e  t o  ye1 low q u a r t z i t e s  o f  the  U in ta  
Mountain Group g r u s s i f y  more r a p i d l y  than t h e  dark purp le  qua r t z i t es ,  
bu t  do no t  develop r inds.  Large p i t s  and p r o j e c t i o n s  t h a t  have devel- 
oped on very o l d  boulders appear t o  be the  r e s u l t  o f  g r a i n  s i z e  and 
bedding changes w i t h i n  t h e  qua r t z i t e .  Near Towanta F l a t  on t h e  south 
f l a n k  o f  the  Uintas,  up t o  10 percent o f  o ther  more weatherable l i t h o l -  
og ies (1  imestone, shale, sandstone, and c h e r t  de r i ved  from t h e  exposed 
Paleozoic and Mesozoic sec t ions )  can be found i n  the  d r i f t ,  b u t  not 
enough of these rocks are found a t  t he  surface o f  the moraines t o  use i n  
weather ing studies.  

Because t h e  weather ing data from some of our s i t e s  suggested some age 
dependency, d i sc r im inan t  ana l ys i s  ( a  mu1 t i v a r i a t e  s t a t i s t i c a l  tech- 
n ique)  was used t o  determine whether these sur face weather ing data could 
be used along w i t h  morphost ra t igraphy t o  map t h e  Lake Fork moraines 
i n to  cons is ten t  groups o f  s i g n i f i c a n t l y  d i f f e r e n t  age. The ana lys is  
a l s o  showed how s t a t i s t i c a l l y  d i s t i n c t  the r e s u l t i n g  r e l a t i  ve-age groups 
are. 



A d i r e c t  d i s c r im inan t  ana lys is  was done us ing  t h e  methods o f  Nie and 
o thers  (1975) on t h e  data from a l l  g e o l o g i c a l l y  reasonable combinations 
o f  weather ing s i t e s .  I n  a1 1 seven analyses, t he  standardized canonical  
d i s c r im inan t  f unc t i on  c o e f f i c i e n t s  f o r  each measured weather ing param- 
e t e r  i nd i ca ted  t h a t  moraine c r e s t  width,  average maximum proximal 
moraine slope angle and, t o  a l esse r  ex ten t ,  t h e  percentage o f  s p l i t  
stones were t h e  most use fu l  parameters f o r  d i s t i n g u i s h i n g  groups o f  
s i t e s  o f  d i f f e r e n t  re1 a t i  ve age. 

The r e s u l t s  o f  t h e  seven analyses show t h a t  our  mapping o f  t h e  Lake Fork 
moraines us ing moraine morphol ogy i n t o  re1 a t i  ve age groups ( p l  . 3) gives 
a wider separat ion o f  groups than  any o the r  combinat ion o f  weather ing 
s i t e s  on moraines. This i s  shown by a p l o t  o f  f i r s t  and second d isc r im-  
i n a n t  f u n c t i o n  scores f o r  each s i t e  ( f i g .  A.3-A). S i t es  i n  groups 
de f i ned  on t h e  bas is  o f  Osborn's (1973, p. 78) mapping o f  t h e  He1 1 ' s  
Canyon-Yellow Ledges boundary f a r t h e r  south than i n  p l a t e  3 a re  not as 
d i s t i n c t  ( f i g .  A.3-8, t a b l e  A.l). Thus, m u l t i v a r i a t e  ana l ys i s  o f  sur -  
face weather ing data supports our mapping o f  t h e  boundary between 
RAG 5-6 and RAG 7-8 moraines, al though t he  absence of t r u e  random 
sampling and t h e  l i m i t e d  number o f  weather ing s t a t i o n s  prevent a 
r igo rous  s t a t i s t i c a l  i n t e r p r e t a t i o n  o f  t h e  d i sc r im inan t  ana lys is  
r e s u l t s .  

Most o f  t h e  d i sc r im inan t  analyses a l so  suggested t h a t  t h e  f o u r  
weather ing s t a t i o n s  on t h e  Rock Creek moraines, mapped by Atwood (1909, 
p. 55) w i t h  depos i ts  o f  h i s  e a r l i e s t  g l a c i a t i o n ,  had sur face weathering 
c h a r a c t e r i s t i c s  more s i m i l a r  t o  those o f  t h e  o l des t  Lake Fork moraines 
(RAGS 3 and 4)  than t o  those o f  younger moraines ( f i g .  A.3). This 
r e s u l t  was a n t i c i p a t e d  f o r  t h e  high, broad outermost moraines i n  Rock 
Creek ( s i t e s  28 and 29, t a b l e  A.1), but  was a su rp r i se  f o r  t h e  much more 
bouldery moraines near t h e  f l o o r  of Rock Creek Val ley  ( s i t e s  30 and 31, 
tab1 e A. 1)  which appear morphological  l y  younger. 

A.2.1.2 So i l  Development 

Most geo log i s t s  working i n  t h e  Uintas have f e l t  t h a t  t h e  degree o f  s o i l  
development was o f  l i t t l e  use i n  r e l a t i v e  d a t i n g  g l a c i a l  depos i t s  
(Kinney, 1955, p. 131; Schoenfeld, 1969, p. 29; R e  R e  Shroba, and P. E. 
Carrara, USGS, Denver, o r a l  communication, 1979). I n  most areas o f  t h e  
Uintas,  t h e  l ack  o f  weatherabl e minera l  s i n  t h e  quar tz i te-dominated 
d r i  f t  prevents development o f  b r i g h t l y  colored, c layey , o r  carbonate- 
r i c h  s o i l  hor izons which can be used t o  assess t h e  r e l a t i v e  age o f  s o i l s  
developed on moraines. On t h e  south f l a n k  o f  t h e  Uintas,  i n  a d d i t i o n  t o  
t h e  Paleozoic and Mesozoic sedimentary rocks exposed near t h e  mouths o f  
t h e  va l leys ,  t h e  T e r t i a r y  Duchesne R iver  Formation laps  up on t h e  f l anks  
o f  t he  mountains reaching e leva t ions  o f  nea r l y  3350 m ( 11  000 f t )  
(Anderson and Picard,  1972). Calcareous shales (Stokes and Madsen, 
1961) a re  present i n  t h e  Mesozoic sect ion,  and much o f  t h e  Duchesne 
R iver  Formation cons is ts  o f  b r i g h t l y  co lo red  (2.5 YR and 5 YR Munsell 
c o l o r  hues) mudstones. Thus, near t h e  mouths o f  t h e  va l l eys  on t h e  
south f l ank ,  s u f f i c i e n t  i r o n ,  c lay ,  and carbonate are present i n  t h e  
d r i  f t  f o r  we1 1 -developed so i  1 p r o f i  1 es t o  form over timespans comparable 



Figure A .  3. - P l o t  o f  the f i r s t  and second d iscr iminant  func t ion  scores 
(methods o f  Nie and others, 1975) f o r  surface weathering s i t e s  on the 
Lake Fork and Rock Creek moraines (A) as mapped by us ( p l  . 3) and ( B )  
as mapped by Osborn (1973). Numerals i nd i ca te  s i t e s  i n  each r e l a t i v e -  
age group ( t a b l e  5. l ) ,  RC shows unclass i f ied s i t e s  on the Rock Creek 
moraines, and l a r g e  dots show group centro ids.  The standardized canon- 
i c a l  d iscr iminant  f unc t i on  c o e f f i c i e n t s  ca lcu la ted  i n  the  analysis show 
moraine width, maximum proximal slope angle, and the percentage o f  s p l i t  
stones are the  main cont r ibu tors  t o  the  f i r s t  d isc r im inant  funct ion;  a1 1 
moraine morphology parameters and the  percentage o f  p i t t e d  stones con- 
t r i b u t e  s i g n i f i c a n t l y  t o  the  second d iscr iminate  funct ion.  The second 
funct ion ranks groups i n  the  proper age order whi le  the  f i r s t  func t ion  
provides a greater  separation o f  the groups. Our mapping o f  the 
moraines using morphology and surface weathering data (A) gives a wider 
separation o f  moraine groups than any o ther  combination o f  weathering 
s i tes .  The unc lass i f i ed  s i t e s  on the  Rock Creek moraines appear most 
s i m i l a r  i n  weathering cha rac te r i s t i cs  t o  the  RAG 4 s i t es .  
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t o  those needed f o r  s o i l  development on moraines i n  g r a n i t i c  t e r r a i n s  i n  
t h e  Rockies (Osborn, 1973, p. 23). Furthermore, t h e  main v a l l e y  
g l a c i e r s  on t h e  south f l a n k  (Lake Fork, Yellowstone, Uinta,  p l .  1)  
extended beyond t h e  edge of t h e  mountains onto outwash p l a i ns ,  where t he  
c l ima te  was s u f f i c i e n t l y  a r i d  f o r  s i g n i f i c a n t  carbonate accumulation i n  
t h e  s o i l .  

Although Osborn (1973) c la imed t o  have been t h e  f i r s t  t o  success fu l l y  
use s o i l  p r o f i l e  desc r i p t i ons  i n  r e l a t i v e  d a t i n g  g l a c i a l  depos i ts  i n  t he  
Uintas,  he f a i l e d  t o  demonstrate a s i g n i f i c a n t  re1 at ive-age d i f f e r e n c e  
us ing s o i l  development between more than t h r e e  o f  t h e  e i gh t  depos i ts  of 
d i f f e r e n t  ages he mapped. He descr ibed on l y  12 s o i l  p r o f i l e s  and most 
were on slopes so steep (10 t o  30') t h a t  comparisons f o r  r e l a t i v e  da t i ng  
a re  suspect. More impor tan t l y ,  some o f  t h e  more s i g n f i c a n t  p r o f i l e s  
(Nos. 1, 2, 6, Osborn, 1973, pp. 250-255) were i n c o r r e c t l y  descr ibed and 
i n t e r p r e t e d  (discussed be1 ow). 

A number o f  s tud ies  ( f o r  example, Bi rke land,  1974, and references 
t h e r e i n )  have shown t h e  broad age dependency o f  some s o i l  p r o f i l e  
c h a r a c t e r i s t i c s .  As i n  most o the r  RD s tud ies  us ing s o i l  development, 
p r o p e r t i e s  o f  t h e  B and Cox s o i l  hor izons and indexes der i ved  from them 
are  most use fu l  i n  d i s t i n g u i s h i n g  d i f f e r e n t  aged s o i l s  i n  t h e  Towanta 
F l a t  area ( t ab l es  A.2 and A.3). 

The s o i l s  on t h e  c res t s  of moraines n o r t h  o f  Towanta F l a t  range from 
A l f i s o l s  on t h e  most d i s t a l  moraine t o  E n t i s o l s  on t h e  te rm ina l  moraines 
o f  RAG 7-8 (appendix B) . Pro f i  1 e 15 on t h e  01 dest  moraines (RAG 3) does 
not  d i f f e r  s i g n i f i c a n t l y  i n  development from p r o f i l e s  11 and 13 on 
moraines mapped i n  RAG 4 us ing  re1 a t i v e  moraine p o s i t i o n  and 
c r o s s c u t t i n g  r e l a t i onsh ips .  P r o f i l e s  13 and 15 a re  Typic Eut robora l  f s  
( c l a s s i f i c a t i o n  system o f  S o i l  Survey S t a f f ,  1975), wh i l e  p r o f i l e  11 i s  
a Typic A r g i b o r o l l  because t h e  A ho r i zon  meets t h e  requirements f o r  a 
M o l l i s o l  . A l l  have Bt hor izons w i t h  h i gh  c o l o r  indexes, moderate t o  
h i gh  c l a y  contents,  and s t rong  a r g i l  l a n  development ( t a b l e  A.3). The 
stage o f  carbonate morphology ( G i l e  and others ,  1966) i s  h igher  i n  pro-  
f i l e  15, poss ib l y  suggest ing a g rea te r  age, but  absolu te  amounts o f  
carbonate are s i m i l a r  t o  those i n  p r o f i l e  13. I t s  l o c a t i o n  on t op  o f  a 
h igh,  steep-sided moraine and t h e  lower c l a y  content  and c o l o r  index of 
p r o f i l e  13 suggest i t has been subject  t o  more e ros ion  than t h e  o ther  
p r o f i l e s .  A wedge o f  s i l t y  c l a y  ( I 1  B23tb hor izon;  appendix B) i n  t h e  
p r o f i  1 e suggests cryogenic  d is turbance f o l  1 owing depos i t i on  o f  t h i s  
morai ne. 

P r o f i l e  4 o f  Osborn (1973, p. 253) ( s i t e  36, p l  . 3) was descr ibed from a 
moraine i n  t h e  Yellowstone drainage c o r r e l a t e d  w i t h  t h e  o l d e r  Lake Fork 
moraines, but i t  resembles our p r o f i l e s  from these moraines on ly  i n  i t s  
c o l o r  i n t e n s i t y .  I t s  l o c a t i o n  on a 30' s lope makes comparisons w i t h  our 
p r o f i  l e s  i n  more s tab le  landscape p o s i t i o n s  d i f f i c u l t  . P r o f i l e s  from 
t h e  U in ta  River  area descr ibed by Osborn on moraines he f e l t  were o f  
s i m i l a r  age a re  e i t h e r  incomplete ( p r o f i l e s  1 and 3, pp. 250 and 252) 
( s i t e s  40 and 44, p l .  1)  o r  i n c o r r e c t l y  descr ibed (B hor izons i n  pro- 
f i l e s  1 and 2, s i t e  41, a re  probably r e l a t i v e l y  una l te red  t i l l  der ived 
from c l  a y - r i  ch beds o f  t h e  Duchesne R iver  Formati on). 



Table A.2. - Sumry  o f  horlzon propertles fo r  so i l s  developed on outwash and t l l l  i n  the Towanta Flat  area 
- - -. -. - . - - 

Clunsel 1 
color 
(dry 

Percent by weight 21 Estimated eercent b e u m e  
511 t Clay Gravel c ~ b i l  6~ e o u i  

Percent 
organlc 4_1 

matter 

Bulk 
Percent denslty 6_1 

c03 ?/ (g/cm3) 
Prof l l e  Horl zon 11 Average 

depth (cm) 
- 

0.1 (0) 1.70 
0.1 ( t r )  1.85 
0.2 (1 1.85 
31 (311 1.50 
62 (68) 1.30 
7 (7) 1.80 
7 (2) 1.90 

0.0 
0.0 
0.8 
0.7 
0.6 
0.6 

0.0 
44.0 
7.0 
0.1 
0.0 
0.1 
0.1 

0 ( t r )  
0.5 ( t r  
0.5 ( t ~ - 1  
. 1.64 



Table A.2. - S m r y  o f  horizon proper t ies f o r  s o i l s  developed on outwash and t i l l  i n  the Towanta F l a t  area - Continued 
.- - -- - - -- -- -- - - -. - -- - - -- - - -. - - - - - -- -- - - 

Munsel l 
Average co lo r  pH g/ 

depth (cm) (dry)  

Percent by weight 
Sand S i l t  Clay 

(2.0-0.5 mn) (50-2 rm) (<2 rm) 

Estimated percent h m u m e  
Gravel-- C o 6 K i  8ourders 
(0.2-8 cm) (8-25 cm) 0 2 5  cn) 

Percent 
Rat io  o f  3 /  organic 41 
<I ~ / < 2  um matter 

Bulk 
Percent density 6/ 
CO3 I/ (glcm3) 

P r o f i l e  Horizon I/ 

AB 
B21t 
I IB22tb 
11 1B23tb 
IV83b 
VCb 

7.5YR 6/4 
5YR 7/5 
5YR 813 
5YR 7/4 
5YR 5/6 ( m i s t )  
5YR 8/4 

0.0 ( t r )  

::; [:;I 
::: l:;l 
3.0 (5) 

15 A 
81 
82 
Bca 
Cca 

0.0 ( t r )  1.62 
0.1 ( t r )  
0.0 (2) 
12.0 (24) 
3.5 (4) 



Table A.2. - S u m r y  o f  horlzon propert ies f o r  s o i l s  developed on outwash and t l l l  i n  the Towanta F la t  area - Continued 
- -- - - - --- - - - - - - - -- -- - - - 

Munsel l Percent by welght 31 - Estimated -- percent by volume Percent Bulk 
P r o f i l e  Horizon 11 Average color pH 2/ Sand S l l t  Clay Gravel Cobbles Boulders Ratlo of 11 organic $1 Percent density 61 

depth (cm) (dry) (2.0-0.5 m) (50-2 urn) (<2 ~ m )  (0.2-8 cm) (8-25 cm) 0 2 5  cm) <1 um/<2 nn matter C03 51 (g/cm3) 

17 A l l  0-21 7.5YR 512 
A12 21-52 7.5YR 713 
B2t 52-107 5YR 618 
Clca 107-127 5YR 813 
C2 127-161 5YR 714 
C3 161-184t 5YR 614 

18 A l l  0-11 7.5YR 614 

19 A l l  0-27 7.5YR 613 6.1 70 20 10 30 15 2 
A12 27-50 7.5YR 713 6.3 76 18 6 25 15 2 
C1 50-70 5YR 813 6.5 77 18 5 20 15 2 
C2 70-98 5YR 814 6.6 74 19 7 20 15 2 
C3 98-140 5YR 813 8.4 78 18 4 20 15 2 
C4 140-162t 5YW 814 8.5 77 19 4 20 15 2 

20 A l l  0-18 7.5YR 513 
A12 18-32 5YR 714 
Clca 32-54 5YR 714 
C2 54-154t 5YR 814 

21 A1 0-24 7.5 YR 514 74 17 8 50 10 1 0.1 
82 24-58 5YR 614 72 19 9 50 15 5 0.0 
Clox 58-124 5YR 515 88 6 6 40 30 5 0.2 

22 A l l  0-6 7.5YR 614 6.5 69 20 11 25 1 0 1.7 0.0 ( t r )  
01 6-19 5YR 514 6.6 62 18 20 50 10 0 1.7 0.0 ( t r )  
82 1 t  19-32 5YR 517 6.6 56 14 30 60 10 0 1.1 0.2 ( ! r )  

B22t 32 - 58 2.5YR 416 6.6 63 5 32 60 10 2 0.7 
83 58-125 2.5YR 517 6.6 83 3 13 60 10 10 0.2 ::: 1::; 
C 125-169t 2.5VR517 6.8 86 3 11 60 10 10 0.2 0.1 ( t r  

23 A1 0-16 7.5YR 514 70 19 11 20 10 2 1 .O 
82 16-35 7.5YR 614 59 7 24 20 10 2 5.0 
B3ca 35-58 7.5YR 713 - 20 10 2 12.0 
1 IClcab 58-83 810 25 25 10 22.0 
IlC2cab 83-158+ 2.51812 - 30 40 10 14 .O 

11 Nomenclature fol lows Sol l  Survey S t a f f  (1975). Blrkeland (1974). and G l le  and Grossman (1979). 
21 Soil  react ion measured w l th  a Hack pH meter uslng a 1:2.5 so l l lwa te r  ra t io .  - 
31 Par t i c le  slze d l s t r l b u t l o n  o f  <2 mu f rac t lon  uslng sleve-plpette methods (e.g.. Carver. 1971) and Sedlgraph fo r  s i l t - c l a y  f ract lons o f  p ro f i l es  1. 4. 8. 14. - 
15. 22. and 24 w i th  p r i o r  removal o f  carbonates and organic matter uslng methods o f  Jackson (1956). 
41 Urganlc matter detemlned by loss on i g n l t l o n  (2 hours a t  450 OC), corrected f o r  s t ructura l  water loss by subtractlng loss on I q I l t l o n  o f  organlc f ree - 
slit t c lay f ract lon.  
51 Percent carbonate by method 4 o f  A l l  lson and Cbodle (1965. p. 1387). values I n  parentheses by method of Orelmants (1962). tr = trace. 
51 Clod method o f  Blake (1965. p. 381). - 



Table A.3. - Indexes o f  sol 1 developmnt f o r  p ro f i les  on maralms, outush, and co l luv ia l  deposits 
i n  the T w n t a  F la t  area and Lake Fork River and Vellorstone River valleys 

Uax. dry Clay ( <  2 a )  Calcium carbonate Max. percentaqe 
Prof l leMo. S i t e b .  c o l o r t r & x ~  Total Maalmmm arg t l  lan  Total high1 y r a tne red  

of BlC horizon h x .  l U q/an3 developamt index fl Mr. % Stage Q1 (g/oa2) 51 g/cm3 5_/ c l a ~ t 5  51 

Relative a m  qrouD 3 (Mud Sorings Draw a l rc ia t fon  ll1 

h r a i n 8 s  
IS 15 60 18 4 0.02 136 24 I V  12 0.07 

Relative a w  omuo 4 ( ~ i l l o *  Spring qlaciat ion L/1  

Relative a- qmuo 5-6 (Yells* Led-s glactat lon 1/1 

b r a 1  nes 
14 14 80 20 U) 0.18. 164 
16 16 7237.9 20 * 38 0.24 248 
17 11 80 16 I 4  0.07 28 

Outwash 
1 4 

9 9 
22 22 

Relative asr qroup 7-8 (HOIIS Canyon glaciat ion L/L 

Relative a- gmuo 9 (Crystal C ~ W  a d  Jackson PI* q laciat ions IIl 
l b r a i n r  

1: 5 37 24 5 0 
34 18 3 0 

I1 eJ 35 24 6 0 

y 6 50 2 0 0 0 0 0 

1/ Index of Buntley a d  m r t i n  (1965) ucep t  t r h t  a n u r i c a l  notation o f  hw (2.5 I R  - 12. 5 1R - 10. 7.5 I R  * 8. 10 I R  = 6, 2.5 1 = 4 )  i s  
m u ~ t i p ~ i ~ ~  by c n m  (8.9.. n i n d i n g  1977. p. 189). 
2/ H8tkod of hcha t t e  (1978) subst l tu i ing prreent c lay for w r c m t  c a m a t e ;  bulk d m s i t y  8 s t t r t . d  frm r a s u r w n t  of ulatd s u p l r s  
T t ~ l e  -1. LO m e e t  i n i t i r l  clay ass- fo r  R)6 3 and 4 d.Dorits. 5 wnmt for  y0unp.r bpo r i t s .  
9 I n d u  0 8 r t v d  frm rr r ign ing following n w r t c a l  va lws  t o  f i e l d  p r o f i l e  r r g i l l r n  d a c r i p t o n  ( a p p d f s  6 ) o f  5011 Survey Staff (1975) 
and sur ing :  very f w  - 1, f.r = 2. c 3, nvny - 4. continuous - 5; t h i n  2, mde ra t r l y  thick = 4. th ick  = 6; clay bridgcs - 2. c l r y  
I i n i nq  pores = 4, clay coating c l r s t s  * 6. c l r y  coating p d s  = 8. 
41 Terrinology of Gl le a d  oth8rs (1966) a d  B r h l n  and h c h e t t r  (1917). 
31 ntm of ~ c b t t e  (1978); bulk density e s t i u t c d  from r a s u r w n t  o f  s e l a t d  sa.ples ( table AA). 
g/ Clasts which can be broken by hand. 
71 Correlative i n f o r u l  g l ~ i r l - s t r a t i g r a p h i c  t em im logy  o f  Osborn (1913. p. 39). 
81 Data f ra soi l  p r o f i l e  &scriptions of Osborn (1913. app.ndix). 21 Only u p p r  251 cm o f  p ro f i l e  u s d  i n  calculations. 

Clay Content of 1 0 1 s t  unit I n  pro f i le  of  RAG 4 ago. 



Immediately proximal t o  moraines o f  RAGS 3 and 4 i s  a narrow, steep- 
s ided cont inuous r i d g e  o f  much l ess  massive te rm ina l  moraines o f  RAG 5-6 
( p l  . 3). Osborn (1973, p. 104) noted t h a t  these moraines appear draped 
over t h e  proximal edge o f  t h e  o l de r  moraines, al though h i s  mapping and 
age assessments i n  t h i s  area (1973, p. 78) d i f f e r  from ours. 

S o i l  p r o f i l e s  developed a t  t h ree  s i t e s  on moraines o f  RAG 5-6 do not 
i n d i c a t e  these moraines a re  s i g n i f i c a n t l y  younger than t h e  moraines onto 
which t hey  lap. As w i t h  t h e  p r o f i l e s  on t h e  o l d e r  moraines, t h e  pro-  
f i l e s  on t h e  te rm ina l  moraine (14 and 16, appendix B, t a b l e  A.2, p l  . 3) 
a re  Typic Eu t robora l f s ,  and p r o f i l e  17 on a recess ional  moraine has a 
m o l l i c  A hor i zon  making it a Typic A r g i b o r o l l  . A r g i l l i c  hor izons w i t h  
s t rong  c o l o r s  a re  we l l  developed i n  a l l  t h r e e  p r o f i l e s ,  a l though they  
a re  t h i c k e r  w i t h  h igher  c l  ay contents  and s t ronger  a r g i  11 an development 
on t h e  t e rm ina l  moraine. I n  f ac t ,  a r g i l l  an development and absolu te  
amounts o f  c l a y  and carbonate suggest these s o i l s  a re  a t  l e a s t  as o l d  as 
those developed on t h e  o l d e r  morai nes ( tab1 e A.3). Carbonate morphology 
i s  l e s s  developed on t h e  RAG 5-6 moraines, however, and fa r  fewer c l  as ts  
a re  h i g h l y  weathered ( those t h a t  d i s i n t e g r a t e  w i t h  gent1 e hammer blow). 
The morphol og ic  con t ras ts  between t h e  RAG 5-6 moraines and those o f  
R A G ' S  4 and 5 i n d i c a t e  t h e  RAG 5-6 moraines a re  s i g n i f i c a n t l y  younger. 
Because o f  t h i s ,  and t h e  s t r i k i n g  con t ras t s  i n  s o i l  development between 
t h e  outwash t e r races  assoc ia ted w i t h  these moraines, we a t t r i b u t e  t he  
l ack  o f  a d i f f e r e n c e  i n  s o i l  development on t h e  moraines t o  gradual 
e ros ion  o f  t h e  o l d e r  moraines. 

P r o f i l e  17 i s  impor tant  because it demonstrates t h a t  t h e  i ce -s tagna t ion  
and recess ional  moraines n o r t h  o f  t h e  RAG 5-6 te rm ina l  moraine r i d g e  are 
o f  t h e  same r e l a t i v e  age as t h e  t e rm ina l  moraine and should not  be 
grouped w i t h  t h e  h i gh  moraines o f  RAG 7-8 enc los ing  t h e  Twin Pots 
( p l  . 3) as suggested by Osborn. Both t h e  a r g i l l  i c  ho r i zon  and carbonate 
stage 11+ morphology o f  p r o f i l e  17 demonstrate i t i s  much o l d e r  than 
p r o f i l e s  19 and 20 on t h e  RAG 7-8 moraines. These l a t t e r  p r o f i l e s  lack  
I3 hor izons e n t i r e l y .  Both would be Us to r then ts  except t h a t  t h e  A h o r i -  
zon o f  p r o f i l e  20 meets t h e  requirements f o r  a mol l  i c  epipedon making i t 
a Hap1 oborol  1 . Thus, so i  1 development data s t r ong l y  support our mapping 
o f  t h e  boundary between RAG 5-6 and RAG 7-8 moraines (p l .  3). 

A.2.1.3 Theore t i ca l  G lac i e r  P r o f i l e s  

Studies i n  o ther  mountainous reg ions have e f f e c t i  ve l y  used reconst ruc -  
t i o n  o f  former g l a c i e r s  us ing  t h e o r e t i c a l  i c e  p r o f i l e s  t o  set  l i m i t s  on 
t h e  ex ten t  o f  past  g l a c i a l  events and f o r  c o r r e l a t i o n  o f  g l a c i a l  
depos i t s  from one drainage t o  another (Nelson and others ,  1979, Pierce, 
1979). Because a l l  moraines n o r t h  o f  Towanta F l a t  occur a t  about t h e  
same e l e v a t i o n  and pos i t i on ,  r econs t ruc t i on  o f  t h e  g l a c i e r s  which 
depos i ted these moraines us ing  these met hods ( f o r  exampl e, Mat hews, 
1967) o f f e r s  no new i n fo rma t i on  about i c e  extent .  However, comparison 
o f  ELA's (est imated g l a c i e r  e q u i l  i b r i u m  l i n e  a l t i t u d e s )  (method o f  
Por ter ,  1975) f o r  t h e  RAG 7-8 Lake Fork g l a c i e r  w i t h  ELA's est imated f o r  
t h e  g l a c i e r s  which depos i ted t h e  moraines i n  Rock Creek might prov ide an 
es t imate  o f  t h e  ex ten t  o f  RAG 7-8 g l a c i e r s  i n  t h e  Rock Creek Val ley  



(assuming t h e  same ELA f o r  adjacent drainages).  This would then help us 
determine t h e  r e l a t i v e  age r e l a t i o n s h i p  between t h e  Rock Creek and Lake 
Fork moraines, which would a i d  i n  es t ima t ing  t h e  r e l a t i v e  age o f  t h e  
un fau l ted  outwash te r races  downstream from t h e  Rock Creek moraines. 

An attempt was made t o  determine t h e  parameters necessary f o r  ca l cu la -  
t i o n  o f  these former g lac ie rs ,  but not enough continuous l a t e r a l  moraine 
segments are  preserved i n  upper Rock Creek o r  t h e  Lake Fork River  
Val leys t o  ob ta in  r e l i a b l e  values f o r  basal g l a c i e r  shear stresses along 
t h e  va l ley .  I n  Rock Creek, c a l c u l a t i o n s  a t  t h r e e  po in t s  i n  t h e  upper 
v a l l e y  i n d i c a t e d  shear s t resses o f  0.65, 0.74, and 2.5 Pa (bars) ,  wh i l e  
i n  t he  Lake Fork River  Val ley values were 0.32, 0.52, 0.60, and 1.11. 
This wide range o f  values f a r  exceeds t h e  requirements f o r  meaningful 
comparison o f  ca l cu la ted  ELA's from one drainage t o  another. 

A.2.2 Outwash Terraces 

Outwash p l a i n s  and te r races  which slope southward from t h e  Lake Fork 
moraines can be d i v ided  i n t o  seven d i f f e r e n t  l e v e l s  (3  through 9)  based 
on t h e i  r re1 a t  i onshi ps w i t h  t h e  rnorai nes and/or e leva t i on  above t h e  Lake 
Fork River  ( f i g .  A.1). Older a l l u v i a l  surfaces i n  t h e  Towanta F l a t  area 
a re  discussed i n  t h e  next sec t i on  (A.3). I n  cont ras t  t o  Osborn (1973, 
p. 35), we fee l  t h e  degree o f  s o i l  development i n  p r o f i l e s  on t h e  ou t -  
wash sur faces a l lows them t o  be e a s i l y  grouped i n t o  t h r e e  categor ies o f  
d i f f e r e n t  r e l a t i v e  age. Most o f  these outwash surfaces grade i n t o  the  
Lake Fork moraines, and t h e  major r e l a t i v e  weathering breaks on the  
te r races  i n d i c a t e d  by s o i l  development a re  t h e  same as those suggested 
by t h e  sur face weathering and s o i l s  data c o l l e c t e d  from t h e  moraines. 

The large,  h igh- leve l  outwash p l a i n  o f  Towanta F l a t  grades i n t o  the  
subdued moraines o f  RAGS 3 and 4. Channels on t h e  sur face o f  Towanta 
F l a t  show i t  was p a r t i a l l y  covered by bra ided streams du r ing  both 
per iods o f  moraine deposi t ion,  making the  sur face a mix ture  o f  both 
RAG 3 and RAG 4 outwash. I n  add i t i on ,  t h e  western edge o f  Towanta F l a t  
was p a r t i a l l y  d issec ted  by mel t  water streams i s s u i n g  from RAG 5-6 
moraines a t  t h e  northwest corner  o f  t h e  f l a t  where they  overrode t h e  
o l d e r  moraines a t  t h e  edge o f  t h e  mountains ( p l  . 3). 

Our s o i l  p r o f i l e s  (Nos. 1 and 7 )  are from t h e  h igher  areas o f  t h e  main 
Towanta F l a t  surface, and, there fore ,  a re  rep resen ta t i ve  o f  s o i l  devel-  
opment on outwash o f  RAG 3. P r o f i l e s  1 and 7 ( t a b l e  A.2, appendix B) ,  
1 i k e  t h e  s o i l s  on t h e  moraines, are Typic Eu t robo ra l f s  w i t h  t h i n  A h o r i  - 
zons and t h i c k  a r g i l l i c  B horizons. These and o ther  s o i l s  i n  t h e  area 
were mapped c h i e f l y  as Brown S o i l s  by Wilson and others (1940) except 
f o r  a l l u v i a l  s o i l s  on t h e  youngest te r races .  Clay contents reach 28 
percent w i t h  18 g o f  clay/cm2 i n  these s o i l s ,  but  an even greater  age i s  
i n d i c a t e d  by t h e  carbonate accumulation i n  K and Cca horizons. K h o r i -  
zons exceed stage I 1 1  morphology i n  both p r o f i l e s ,  and carbonate percen- 
tages are 68 and 51. More than h a l f  t h e  c l a s t s  i n  t h e  K hor izons are 
h i g h l y  weathered, and c o l o r  indexes f o r  Bt hor izons are  as h igh  as f o r  
any s o i  1 s described. 



A l a r g e  (2-km, 1.2-mi ) wide me1 t -water channel extends nor th-south 
across Towanta F l a t ,  which i s  f l o o r e d  over most o f  i t s  su r face  w i t h  out -  
wash o f  RAG 4. This sur face can be c o r r e l a t e d  on t h e  bas is  o f  e l e v a t i o n  
and g rad ien t  w i t h  a wide (1.5-km, 0.9-mi ) outwash t e r r a c e  which grades 
i n t o  t h e  Ye1 lowstone R iver  moraines (Mud Spr ing draw moraines o f  Osborn, 
1973, h i s  p l .  2) on t h e  east s ide  of t he  Lake Fork River  ( f i g .  A . l  and 
p l .  3). The channel i s  25 m lower and, t he re fo re ,  somewhat younger than 
t h e  main Towanta F l a t  su r face  (RAG 3), but  i s  a t  l e a s t  as 01 d as t h e  
RAG 4 moraines which extend i n t o  i t s  head ( p l .  3, Osborn, 1973, p. 79). 

S o i l s  on t h e  main sur face o f  t h e  mel t -water  channel are s i m i l a r  t o  those 
on t he  h igher  Towanta F l a t  sur face (RAG 3). A1 1 a re  Typic Eut robora l  f s  
w i t h  a r g i l l i c  B hor izons over carbonate hor izons w i t h  stage I 1 1  morphol- 
ogy. P r o f i l e s  8 and 10 ( t a b l e  A.3, appendix B) have maximum c l a y  per-  
centages o f  30 and 38, t o t a l  c l a y  values o f  34 and 49 g/cm2, and t h e  
h ighest  a r g i l  l a n  indexes o f  any p r o f i l e s  described. K hor izons a re  much 
l i k e  those on t h e  h igher  surface, and o the r  carbonate data a re  s i m i l a r .  
Color  indexes, however, a re  lower ( t a b l e  A.3). P r o f i l e  23 from the  
southernmost end o f  t h e  mel t -water  channel ( p l .  3, appendix B )  has s im i -  
l a r  c l a y  and carbonate data, but  no K hor izon,  weaker a r g i l  l a n  develop- 
ment, and a lower c o l o r  index. However, t h e  c o l o r  o f  p r o f i  1 e 23 i s  not 
d i r e c t l y  comparable w i t h  t h e  co lo r s  of o t he r  p r o f i l e s  because i t i s  
developed on outwash g rave ls  l o c a l  l y  i n c o r p o r a t i n g  t h e  c l  ay- r ich,  
greenish-gray (2.5Y and 5Y hues) La Poin t  member o f  . the Duchesne River  
Formation (Andersen and Picard,  1972). The percentage o f  h i g h l y  
weathered c l a s t s  i n  these p r o f i l e s  i s  q u i t e  v a r i a b l e  ( a l l  > 30 percent )  
w i t h  maximum values i n  t h e  K hor izons s i m i l a r  t o  those on t h e  RAG 3 
surface. 

P r o f i l e  5 ( p l .  3, appendix B)- i s  on t h e  RAG 4 t e r r a c e  on t h e  Lake Fork 
R ive r  south o f  Towanta F l a t  which i s  c o r r e l a t e d  w i t h  t h e  melt-water 
channel ( f i g .  A.1). It i s  very s i m i l a r  t o  t h e  o ther  RAG 4 p r o f i l e s  on 
outwash, except t h a t  t h e  t h i c k  (60 cm) K hor i zon  d i sp l ays  i n i t i a l  
stage V morphology ( t a b l e  A.3). Possibly,  t h i s  i s  an. exhumed remnant o f  
an o l de r  sur face but  i s  more l i k e l y  r ep resen ta t i ve  o f  t h e  maximum car -  
bonate development on sur faces o f  RAG 4. P r o f i l e  5 i s  12 km (7.5 m i  ) 
south o f  most o f  t h e  Towanta F l a t  p r o f i l e s ,  and a probable s l i g h t l y  
lower  annual p r e c i p i t a t i o n  (Moon Lake = 47 cm, Neola = 32 cm, Myton = 17 
cm) may account f o r  some o f  t h e  g rea te r  carbonate accumulation i n  t h i s  
p r o f i  1 e. However, t h i s  degree o f  carbonate accumulation s t i  11 suggests 
t h a t  t h e  o ther  p r o f i l e s  on Towanta F l a t  a re  not  r ep resen ta t i ve  o f  t h e  
maximum degree o f  carbonate development f o r  t h e i r  age. A f i n a l  
i n t e r e s t i n g  aspect o f  p r o f i l e  5 i s  t h e  change i n  c o l o r  o f  t h e  outwash 
parent ma te r i a l  o f  t h e  p r o f i l e  ( t a b l e  A.2), depending on which member o f  
t h e  Duchesne R iver  Formation t h e  Lake Fork R ive r  was erod ing dur ing  
t r a n s p o r t a t i o n  o f  t h e  outwash 1 oad. These d i  f f e r e n t  co lo red  parent 
m a t e r i a l s  a re  impor tant  i n  i n t e r p r e t i n g  t h e  s t r a t i g r a p h y  exposed i n  our 
exp lo ra to r y  t renches (sec. 5.1.4). 

S o i l s  on t h e  moraines o f  RAGS 3 and 4 a re  gene ra l l y  l ess  w e l l  developed 
than  s o i l s  on t h e  outwash surfaces o f  t h e  same r e l a t i v e  age ( t a b l e  A.3). 
The unweathered t i 11 o f  t h e  moraines con ta ins  more s i l t  and c l a y  than 



t h e  o r i g i n a l  una l te red  outwash i n  t h e  Towanta F l a t  area. Because s o i l  
development proceeds more r a p i d l y  i n  f i n e r  gra ined parent mate r ia l s ,  
t h e  s o i l s  on t h e  moraines would be expected t o  have s t ronger  develop- 
ment. The outwash s o i l s  may be more s t r o n g l y  developed because they are 
l e s s  sub ject  t o  erosion. They a re  a lso  s l i g h t l y  lower i n  e l e v a t i o n  
(probably  lower p r e c i p i t a t i o n )  and may, t he re fo re ,  r e t a i n  more carbonate 
i n  t h e  solum than t h e  morainal  s o i l s .  

Wi th in  t h e  main melt-water channel a re  much smal ler  channels which head 
i n  t h e  moraines o f  RAG 5-6. Two o f  our  exp lo ra to r y  t renches across sus- 
pected f a u l t s  ( t renches 2 and 3, p l s .  5 and 6) exposed t h e  outwash 
f l  o o r i  ng i n  these younger channel s , but  compl e t e  so i  1 p r o f i  1 es devel oped 
on t h i s  outwash are no t  present i n  e i t h e r  t r ench  due t o  e ros ion  and sub- 
sequent depos i t i on  o f  pond depos i ts ,  co l luv ium,  and loess (see 
sec. 5.1.4). A complete p r o f i l e  (No. 22, appendix B) i s  ava i l ab l e ,  
however, from a c o r r e l a t i v e  t e r r a c e  along t h e  Lake Fork R ive r  which 
grades i n t o  t h e  Ye1 1 owstone moraines o f  RAG 5-6 (Ye1 1 ow Ledges morai nes 
o f  Osborn, 1973). 

P r o f i l e  22 from t e r r a c e  l e v e l  6 (RAG 5-6) east o f  Towanta F l a t  ( p l  . 3, 
f i g .  A.l) i s  developed on coarse outwash o f  t h i s  age. The w e l l -  
developed, b r i g h t l y  co lored,  a r g i l l  i c  ho r i zon  i n  t h i s  p r o f i l e  i s  very 
s i m i l a r  t o  those i n  t h e  s o i l s  on t h e  moraines o f  RAG 5-6, making it a 
Typic Eut robora l  f as we1 1 . Carbonate accumul a t i  on i s  minimal , however, 
and no h i  gh l y  weathered c l  as t  s a re  present. 

S o i l s  on t h e  outwash t e r races  o f  RAG 7-8, which grade i n t o  moraines on 
t h e  Lake Fork and Yellowstone Rivers,  a re  s i m i l a r  t o  those on t h e  
corresponding moraines i n  having much l ess  c l a y  and carbonate and lower 
c o l o r  indexes than  so i  1 s on t h e  o l de r  t e r r aces  and moraines. P r o f i l e  18 
i n  t h e  outwash channel d r a i n i n g  t h e  Lake Fork moraines ( p l  . 3) i s  devel-  
oped e n t i r e l y  i n  sand; o n l y  a cambic B hor i zon  i s  present (appendix B )  
making i t  an i n c e p t i s o l  (Typ ic  Ustochrept) .  P r o f i l e  21 on t h e  next 
h igher  t e r r a c e  along t h e  Lake Fork R i ve r  ( p l .  3, f i g .  A.1) i s  a lso  an 
i n c e p t i s o l  (Udic Ustochrept )  w i t h  a cambic B hor i zon  and almost no accu- 
mu la t ion  o f  carbonate. As w i t h  t h e  s o i l s  on t h e  corresponding moraines, 
n e i t h e r  p r o f i l e  has any h i g h l y  weathered c l  as ts ,  and s o i l  s t r u c t u r e  i s  
very weak t o  nonex is tent  (massive). 

As were t h e  s o i l s  descr ibed by Osborn (1973) on moraines i n  t h e  upper 
reaches o f  t h e  Yellowstone River,  our s i n g l e  p r o f i l e  (No. 24) on outwash 
o f  RAG 9 on t h e  lowest t e r r a c e  o f  t h e  Lake Fork R ive r  ( f i g .  A.1) i s  an 
E n t i  so l  (Typ ic  Ustor thent  ) w i t h  1 i t t l e  evidence o f  pedogenesi s. Only 
2 percent c l a y  and no a r g i l l a n s  o r  carbonate are present. The c o l o r  
index i s  h igher  than those f o r  some of t h e  morainal  s o i l s ,  bu t  t h e  lack  
o f  even a weak cambic hor i zon  i n d i c a t e s  t h i s  c o l o r  i s  i n h e r i t e d  from the  
parent mater i  a1 (der i ved  from Duchesne R iver  Formati on). 

A.2.3 Re1 a t i  ve-age Summary 

I n  summary, so i  1 development and sur face boulder  weather ing data i n d i  - 
ca te  two major breaks i n  t h e  degree o f  r e l a t i v e  weather ing i n  t he  Lake 



Fork moraine-terrace sequence. This demonstrates t h i s  sequence i s  com- 
posed o f  ma te r i a l s  o f  a t  l e a s t  t h r e e  s i g n i  f i c a n t l y  d i f f e r e n t  ages. 

Our data do not c l e a r l y  d i s t i n g u i s h  moraines and outwash surfaces o f  
RAGs 3  and 4 from each other .  E i t h e r  these moraines and surfaces do not 
d i f f e r  s i g n i f i c a n t l y  i n  age, o r  t h e  r a t e  o f  s o i l  development as i n d i -  
cated by t h e  p rope r t i es  we are measuring i s  t o o  low t o  show s i g n i f i c a n t  
d i f f e r e n c e s  on ma te r i a l s  o f  t h i s  age. Our bas is  f o r  separat ing these 
1  andforms i n t o  two re1 a t  i ve-age groups i s  t h e i  r re1 a t  i ve p o s i t i o n  and 
t h e  more eroded appearance o f  t h e  RAG 3 moraines. 

The degree o f  carbonate development i n  terms of morphology, t o t a l  pro-  
f i l e  carbonate, and g/cm3, and t h e  percentage o f  h i g h l y  weathered 
c l a s t s  does d i s t i n g u i s h  RAGs 3 and 4 depos i t s  from t h e  younger moraines 
and outwash sediments o f  RAG 5-6. The c l a y  content  and morphology o f  
p r o f i l e s  i n  RAG 5-6 a re  not  s i g n i f i c a n t l y  d i f f e r e n t  from those i n  s o i l s  
on o l d e r  depos i ts ,  but  a re  q u i t e  d i f f e r e n t  from those i n  t h e  s o i l s  on 
t h e  RAG 7-8 moraines and t e r races  which l ack  a r g i l l  i c  hor izons. 
S i m i l a r l y ,  maximum p r o f i l e  co l o r s  a re  not much d i f f e r e n t  on RAG 5-6 
depos i t s  than on o l de r  surfaces, but are more in tense  than those on 
RAG 7-8 deposi ts.  Carbonate morphology i s  l ess  use fu l  i n  d i s t i n g u i s h i n g  
RAG 7-8 depos i ts  from o l d e r  ma te r i a l s ,  a l though most p r o f i l e s  i n  RAG 7-8 
con ta in  l ess  carbonate than  those i n  o l de r  age groups. 

F i n a l l y ,  a l though t h e  p r o f i l e s  i n  RAG 9 a re  E n t i s o l s  w i t h  l i t t l e  e v i -  
dence o f  pedogenesis, we have t o o  few data t o  be sure they  can always be 
d i s t i ngu i shed  from depos i t s  o f  RAG 7-8 on t h e  bas is  o f  r e l a t i v e  
weather ing data. The r e l a t i v e  p o s i t i o n  o f  RAG 9  fea tu res  i s  t h e  main 
c r i t e r i a  f o r  t h e i r  recogn i t i on .  

A.3 A l l u v i a l  Surfaces i n  t h e  Western U in ta  Basin 

A.3.1 Terrace C o r r e l a t i o n  and Re1 a t i v e  Ages 

The r e l a t i v e  weather ing data discussed above i n d i c a t e d  t h e  major age 
breaks i n  t h e  sequence of depos i t i on  of moraines and t e r races  i n  t h e  
Towanta F l a t  area. However, es t imates of t h e  numerical age o f  these 
depos i ts ,  and, hence, o f  t h e  f a u l t i n g  events o f f s e t t i n g  them, r equ i r e  
both l o c a l  and reg ional  c o r r e l a t i o n .  C o r r e l a t i o n  o f  t h e  outwash t e r -  
races along t h e  Lake Fork R ive r  downstream i n t o  t h e  c e n t r a l  U in ta  Basin 
( f i g s .  A . l  and A.2) prov ides a  bas is  f o r  b e t t e r  age assessment through, 
( 1 )  r e l a t i n g  t h e  Towanta sequence t o  t h e  o l d e r  Quaternary a1 1  u v i a l  sur -  
faces i n  t h e  bas in  which se ts  an upper l i m i t  on t h e  age o f  Towanta F l a t ,  
and (2 )  t h e  use o f  an age est imate der i ved  from amino ac i d  and 
paleomagnetic ana lys is  o f  ma te r i a l s  from an a l l u v i a l  t e r r a c e  i n  t he  
c e n t r a l  basin. 

Osborn (1373) co r re l a ted  t h e  s u i t e  o f  outwash t e r races  along t he  Lake 
Fork R ive r  east o f  Towanta F l a t  w i t h  t e r r a c e  surfaces f a r t h e r  downstream 
and w i t h  t e r r aces  along t h e  Duchesne and U in ta  Rivers.  Our t e r r ace  pro-  
f i l e s  ( f i g s .  A.1 and A.2) are s i m i l a r  t o  Osborn's (1973, p l s .  5, 7, 
and 9) re ly i ,ng  p r i m a r i l y  on r e l a t i v e  e l e v a t i o n  above t h e  present r i v e r  



o r  lower,  more cont inuous te r races ,  and t e r r a c e  g rad ien t  f o r  c o r r e l a -  
t i o n .  However, Osborn connected a l l  h i s  t e r r a c e  e l eva t i ons  w i t h  smooth 
l i n e s  which makes i t d i f f i c u l t  t o  determine where h i s  p r o f i l e s  are based 
on f i e l d  data and where they  a re  i n f e r red .  To emphasize t he  problems o f  
t e r r a c e  c o r r e l a t i o n  downst ream, we have p l o t t e d  on ly  t h e  e l e v a t i o n  o f  
sur faces along t h e  Lake Fork and Duchesne Rivers  shown on 1:24 000 USGS 
topographic  quadrangles. Continuous l i n e s  i n d i c a t e  a r e l a t i v e l y  con- 
t i n o u s  t e r r a c e  sur face on one o r  both s ides o f  t h e  r i v e r .  We have a l so  
extended our p r o f i l e s  up t h e  Duchesne R iver  and i n t o  Rock Creek i n  order  
t o  assess t h e  age o f  t h e  Rock Creek t e r races  ( f i g .  A.2). 

R e l a t i  ve-age assignments f o r  t h e  o l de r  a1 1 u v i a l  surfaces i n  t h e  Uinta  
Basin a re  based p r i m a r i l y  on r e l a t i v e  e l e v a t i o n  above t h e  modern r i v e r s .  
The morphol og i c  stage o f  carbonate development i n  s o i l  s on t h e  surfaces 
i n  t h e  bas in  g ives on ly  a broad i n d i c a t i o n  o f  r e l a t i v e  age ( f i g .  A.4) 
(Osborn, 1973, p. 35.) Most exposures i n  these surfaces are i n  t he  
eroded edges o f  te r races .  An a d d i t i o n a l  problem i s  t h a t  t he  amount o f  
carbonate i n  s o i l s  i n  t h e  c e n t r a l  bas in  i s  not  d i r e c t l y  comparable w i t h  
t h e  amount i n  s o i l s  a t  t h e  edge o f  t h e  mountains due t o  d i f f e rences  i n  
p r e c i p i t a t i o n  h i  s t o r y  between t h e  two areas. However, p r o f i  1 es w i t h  t he  
maximum amount o f  carbonate f o r  a given RAG show a l i n e a r  t r e n d  which 
i n d i c a t e s  the  ~naximurn amount o f  cdrbonate development f o r  each RAG 
( f i g .  A.4). I n  add i t i on ,  Osborn (1973, p. 36) noted t h a t  t he  degree o f  
p rese rva t i on  o f  stream-cut scarps and bra ided channels on outwash t e r r a -  
ces he1 ped group them i n t o  re1 a t i  ve-age categor ies .  

Hi gh- leve l  i s o l a t e d  remnants o f  former a1 l u v i a l  surfaces a re  placed i n  
RAG 1. They i nc l ude  e ros ion  surfaces (de f i ned  by Kinney, 1955, p. 127) 
cu t  on t h e  Uinta  and Duchesne R iver  Formations w i t h  on ly  a t h i n  ( <  1 m) 
( <  3.3 f t )  q u a r t z i t e  grave l  l a g  remaining ( f o r  example, Tower Ridge, 
s i t e  46, p l  . I ) ,  as we l l  as areas w i t h  a t h i c k e r  ( >  3 m) ( >  10 f t )  a l l u -  
v i a l  cover o f  coarse q u a r t z i t e  grave l .  These surfaces a re  more than 
400 m (1300 ft ) lower than  t h e  h ighest  e ros ion  surfaces i n  t h e  area on 
Tabby Mountain, Dry Mountain, and Bear Wall ow ( p l  . 1)  which may be 
c o r r e l a t i v e  w i t h  some o f  t h e  h igh- leve l  e ros ion  surfaces mapped by 
Brad1 ey (1936) and Ki  nney (1955) o f  pre-Quaternary age (Marsel 1 , 1964; 
Osborn, 1973, p. 183). On Bald Kno l l  , ( p l  . I ) ,  and t h e  Talmage surfaces 
d i r e c t l y  south o f  Towanta F l a t  ( s i t e  47, f i g .  A.2, p l .  I ) ,  carbonate K 
ho r i zons  a re  more s t r o n g l y  developed than on t h e  lower surfaces i n  t he  
area w i t h  85 and 54 percent carbonate by weight , r e s p e c t i v e l y  . 
Surfaces we l l  below t h e  RAG 1 surfaces, bu t  o l d e r  ( h i ghe r )  than t h e  main 
Towanta F l a t  sur face (RAG 3), a re  mapped i n  RAG 2. I n  t h e  c e n t r a l  
basin,  s t r a t h  t e r r aces  w i t h  on l y  a few meters o f  a1 l u v i a l  g rave ls  are 
most common, but  nearer t h e  mountains t h e  o l d e r  surfaces (such as John 
S t a r r  F l a t ,  p l  . 1) are probably  under1 a i  n by much t h i c k e r  a1 1 uvium 
(exposures are r a re ) .  

A t  l e a s t  some p a r t s  o f  Osborn's (1973, h i s  p l .  1)  Burnt  Spr ing M i l l  and 
77 F l a t  outwashes f a l l  i n t o  RAG 2 and Osborn's (p ls .  7, 8, and 9) and 
our  ( f i g s .  A.l  and A.2) t e r r a c e  c o r r e l a t i o n s  suggest many o f  t h e  h igher  
sur faces i n  t h e  cen t ra l  bas in  are o f  approximately t h e  same r e l a t i v e  
age. 
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Figure A .4. So i l  calcium carbonate development (morphologic stages o f  G i  l e  
and Grossman (1966) and Bachman and Machette (1977)) on a l l u v i a l  surfaces 
and moraines of increasing r e l a t i v e  age i n  the  western U in ta  Basin. Most 
s o i l  exposures show less  than the  maximum carbonate development fo r  sur- 
faces o f  a p a r t i c u l a r  re lat ive-age group due t o  d i f ferences i n  e leva t ion  
(vegetat ion and p r e c i p i t a t i o n ) ,  o r i g i n a l  amounts o f  primary carbonate, 
and erosion -of o r i g i n a l  surfaces. 



Parts  o f  t h e  Jensen sur face o f  Kinney (1955, p. 128) may c o r r e l a t e  w i t h  
RAG 2 surfaces, but Osborn (1973, p. 187) s t a tes  Kinney's mapping o f  
these and younger e ros ion  surfaces does no t  agree w i t h  h i s  more d e t a i l e d  
mapping o f  t h e  same area. 

Exposures i n  RAG 2 depos i t s  are r a r e  and gene ra l l y  eroded, but  a prob- 
ab le  remnant o f  RAG 2 on t h e  RAG 3 t e r r a c e  n o r t h  o f  Altamont 
(designated 2-3 on f i g .  A.l shows stage I V  s o i l  carbonate development 
(K hor i zon  w i t h  52 percent carbonate).  Because one o f  t h e  lower t e r -  
races has a g rea te r  degree o f  carbonate development, t h i s  exposure does 
no t  represent t h e  maximum carbonate devel opment f o r  t h i  s surface 
( f i g .  A.4). This remnant i s  i s o l a t e d  from the  RAG 2 su r face  (Osborn, 
1973, p. 71), but  i s  25 m (80 f t )  h igher  than t h e  RAG 3 su r face  on which 
i t  s i t s .  I f  t h i s  remnant i s  t h e  same age as t h e  RAG 2 sur face  t o  t h e  
nor th ,  cons iderab le  u p l i f t  has taken p lace between t h e  remnant and t h i s  
surface. A l e sse r  degree o f  warping i s  i n d i c a t e d  by t h e  lower RAG 3 
surface i n  t h i s  area, as we l l  as t h e  RAG 3 sur face on Towanta F l a t  ( f i g .  
A.1). An a l t e r n a t e  i n t e r p r e t a t i o n  i s  t h a t  t h e  remnant i s  in te rmed ia te  
i n  age between RAG 2 and RAG 3, and t h a t  u p l i f t  and eros ion have o f f se t  
i t s  former sur face by an amount s i m i l a r  t o  t h a t  f o r  t h e  RAG 3 surface. 

The outwash p l a i n s  making up t h e  RAG 3 su r face  are more ex tens ive  than 
those o f  RAG 2, but  a re  s t i l l  separated by a gap o f  20 t o  25 km (12 t o  
15 m i  ) from probable c o r r e l  a t  i ve e ros ion  surfaces a1 ong t h e  ' Duchesne 
River.  Our c o r r e l a t i o n s  o f  these surfaces a re  based on t h e i r  e l eva t i on  
and r e l a t i v e  p o s i t i o n  above younger, more cont inuous t e r races  along t h e  
Lake Fork River.  

The outwash t e r races  o f  RAG 4 a re  t h e  key sur faces i n  our study o f  t h e  
Quaternary h i s t o r y  o f  t h e  area. They a re  more cont inuous a long t h e  Lake 
Fork and Duchesne Rivers  than  a re  upper o r  lower te r races ,  and so serve 
as t h e  bas is  f o r  our c o r r e l a t i o n  o f  our s i t e  w i t h  numerical -age e s t i  - 
mates ( f i g .  A.1) and t h e  Rock Creek t e r r a c e s  w i t h  t h e  Towanta F l a t  sur-  
faces. One s i t e  (No. 5, p l .  1) on t h e  RAG 4 sur face has a g rea te r  
degree o f  carbonate development (stage V, 71 percent carbonate) than a l l  
but  t h e  o ldes t  (RAG 1)  sur faces i n  t h e  area i n d i c a t i n g  t h i s  i s  t h e  maxi- 
mum development f o r  sur faces o f  t h i s  age. 

The t e r r a c e  o f  RAG 4 extends from t h e  moraines o f  RAG 4 on t h e  
Yellowstone R iver  (Wi l low Spr ings moraines o f  Osborn, 1973, p. 68) 
( f i g .  A.1), con t inuous ly  along t h e  Lake Fork R ive r  t o  j u s t  n o r t h  o f  
Upalco. About 12 km ( 8  m i )  downstream, it i s  again preserved as t h e  
17 km ( 1 1  mi )  long North Myton Bench n o r t h  of t h e  Lake Fork and Duchesne 
Rivers. When North Myton Bench and t h e  c o r r e l a t i v e  t e r r aces  upst ream 
were deposi ted,  t h e  Lake Fork R ive r  f lowed n o r t h  o f  i t s  present p o s i t i o n  
j o i n i n g  t h e  Uinta  River  be fo re  reaching t h e  Duchesne River  as i t does 
now (Osborn, 1973, pp. 77, 189). For t h i s  reason, t h e  g rad ien t  o f  North 
Myton Bench i s  steeper than t h e  g rad ien t  of probable c o r r e l a t i v e  t e r -  
races and eros ion surfaces south o f  t h e  Duchesne River.  Because North 
Myton and South Myton Benches a re  7 km (4.4 m i  ) apar t ,  t h e i r  g rad ien ts  
a re  d i f f e r e n t ,  and, because n e i t h e r  extend f a r  enough downstream t o  be 
c e r t a i n  t h a t  t h e i r  surfaces merge, we have taken t h e  more conservat ive 



approach (as d i d  Osborn, 1973, p. 199) and c o r r e l a t e d  North Myton Bench 
w i t h  l ess  cont inuous remnants o f  t h e  t e r races  (RAGS 4 and/or 5) imme- 
d i a t e l y  below t h e  two l e v e l s  o f  South Myton Bench ( f i g .  A.l). By r e l a -  
t i v e  p o s i t i o n ,  t h i s  makes South Myton Bench, i n c l u d i n g  our s i t e  w i t h  a 
numerical  -age est imate (Antelope Canyon grave l  p i t ,  f i g .  A.2, appen- 
d i x  C) o f  RAG 3 age - t h e  same age as t h e  main Towanta F l a t  surface. 

Outwash t e r races  o f  l e v e l s  5, 6, and 7 ( f i g .  A.l) are  f a i r l y  cont inuous 
from a few k i lomete rs  below t h e  Lake Fork moraines t o  Altamont. Because 
we recognize no f a u l t  scarps i n  these depos i ts ,  we a t t r i b u t e  minor 
i r r e g u l a r i t i e s  i n  t h e  p r o f i l e s  o f  these t e r races  t o  depos i t i ona l  and 
e ros iona l  processes. Terrace l e v e l s  5 and 6 a re  a1 so q u i t e  cont inuous 
from Upalco t o  t h e  conf luence w i t h  t h e  Duchesne R iver  p rov i d i ng  a guide 
i n  t h e  c o r r e l a t i o n  o f  t h e  RAG 4 sur face  over t h e  12-km (8-mi) i n t e r v a l  
where it i s  not  preserved. No doubt these t e r races  a re  t he  age equiva- 
l e n t s  o f  some o f  t h e  d iscont inuous e ros ion  surfaces, many p a r t i a l l y  
covered w i t h  c o l l  u v i a l  debr is ,  a long t h e  Duchesne R iver  ( f i g .  A.2) but 
exact c o r r e l a t i o n s  a re  uncer ta in .  The stage I1 I carbonate devel opment 
i n  a grave l  p i t  exposure i n  a t e r r a c e  6 km ( 4  m i  ) west of Antelope 
Canyon ( s i t e  50, p l .  1, f i g .  A.2), on ly  26 m (85 f t )  above t h e  Duchesne 
River ,  i n d i c a t e s  i t  i s  c o r r e l a t i v e  w i t h  a t  l e a s t  l e v e l  6 (RAG 5-6) along 
t h e  Lake Fork River.  

Outwash t e r r a c e  remnants o f  l e v e l s  8 and 9 a re  much l e s s  cont inuous than 
upper te r races .  l 3ey  a re  e a s i l y  d i s t i ngu i shed  on ly  i n  t h e  area between 
t h e  Lake Fork and Ye1 lowstone moraines. Downstream, they  a re  not  e a s i l y  
d i f f e r e n t i a t e d  from modern f l o o d  p l a i n  depos i ts .  

A.3.2 Rock Creek Terraces 

Using t h e  age assignments given t h e  e ros ion  surfaces along t h e  Duchesne 
R iver  through c o r r e l a t i o n  w i t h  t h e  Lake Fork te r races ,  we can est imate 
t h e  r e l a t i v e  age o f  t e r r aces  along Rock Creek by t r a c i n g  t h e  Duchesne 
R iver  surfaces upstream i n t o  Rock Creek ( f i g .  A.2). Al though t h e  t e r -  
races a re  no t  cont inuous and t h e r e  are many p r o j e c t i o n  problems w i t h  
sur faces a t  vary ing d is tances from t h e  r i v e r ,  South Myton Bench appears 
c o r r e l a t i v e  w i t h  t h e  lower l e v e l s  o f  t h e  Blue Benches n o r t h  o f  Duchesne 
(Osborn, 1973, h i s  p l  . 9). The re1 a t i  ve age of lower surfaces i s  l ess  
c e r t a i n ,  but ,  on t h e  bas is  o f  pos i t i on ,  t hey  a re  probably i n  RAG 4 o r  
RAG 5-6. 

P r o f i l e  p r o j e c t i o n  problems and t h e  sharp change i n  f l o o d  p l a i n  g rad ien t  
a t  t h e  conf luence o f  Rock Creek w i t h  t h e  Duchesne R iver  prevent p o s i t i v e  
c o r r e l a t i o n  o f  t h e  Duchesne River  surfaces w i t h  t h e  Rock Creek te r races  
( f i g .  A.2). The most conserva t i ve  approach i s  t o  match t h e  h igher  Rock 
Creek t e r races  w i t h  t h e  Blue Benches (RAG 3) and t h e  lower t e r r a c e  w i t h  
H a i r  Bench (RAG 4). However, even t h e  lower Rock Creek t e r r a c e  i s  80 m 
(262 f t )  above t h e  creek, and a p r o j e c t i o n  o f  i t s  sur face upstream t o  
t h e  Rock Creek moraines r i s e s  we1 1 above t h e  base o f  t h e  lower moraines. 
On t h e  bas is  o f  sur face weather ing data, t h e  lower moraines a re  thought 
t o  be o l d e r  than RAG 5-6. I f  these moraines are o f  RAG 4 age, and t h e  
lower Rock Creek t e r r a c e  r i s e s  above them, then it may be of RAG 3 age. 



The h igher  t e r r a c e  could  be i n  e i t h e r  RAG 3  o r  RAG 2. Thus, al though 
t h e r e  i s  cons iderab le  u n c e r t a i n t y  i n  t h e i r  re1 a t i  ve age, bo th  o f  t h e  
un fau l t ed  Rock Creek t e r races  a re  a t  l e a s t  as o l d  as t h e  melt-water 
channel on Towanta F l a t  (RAG 4). 

A.4 Regional Corre l  a t  i o n  and Numerical -Age Estimates f o r  Quaternary 
Deposi ts i n  t h e  Towanta F l a t  Area 

The s o i l s  and sur face weather ing data discussed p rev i ous l y  p rov ide  a 
bas is  f o r  t h e  reg iona l  c o r r e l a t i o n  o f  t h e  younger Towanta F l a t  deposi ts.  
Because these c o r r e l a t i o n s  suggest many o f  t h e  younger Towanta F l a t  
depos i t s  a re  cons iderab ly  o l d e r  than  p rev i ous l y  thought,  t h e  age of t he  
o l d e r  moraines and t e r races  i n  t h i s  area i s  uncer ta in .  For tuna te ly ,  
amino ac i d  and paleomagnetic data from one s i t e  along t he  Duchesne River  
( f i g .  A.l and s i t e  51, p l  . 1) a l l ow  us t o  make numerical-age est imates 
f o r  South Myton Bench which we c o r r e l a t e  w i t h  t h e  main Towanta F l a t  sur -  
face (RAG 3). These age est imates he lp  us eva luate our  reg iona l  co r re -  
l a t i o n s  and age est imates f o r  younger and o l d e r  depos i ts .  

A.4.1 RAG 1 

Surfaces and depos i ts  o f  RAG 1 are  probably  o f  e a r l y  Quaternary age. 
They a re  cons iderab ly  lower  400 m (1300 f t )  than t h e  o ldes t  e ros ion  sur -  
faces i n  t h e  area such as Dry Mountain ( p l  . 1) , which may c o r r e l a t e  w i t h  
some o f  t h e  h i gh  l e v e l  e ros ion  surfaces o f  Bradley (1936) and Kinney 
(1955) o f  l a t e  T e r t i a r y  age. Except f o r  t h e  Talmage surfaces ( f i g .  A.2, 
p l .  I ) ,  remnants o f  RAG 1 sur faces a re  cons iderab ly  h igher  than younger 
surfaces and i n  some exposures have t h e  most extens ive carbonate devel -  
opment o f  any depos i t s  mapped (s tage V ) .  

A.4.2 RAG 2 

Based on t h e i r  r e l a t i v e  e leva t ion ,  depos i t s  and surfaces o f  RAG 2 are 
younger than those o f  RAG 1, but  o l de r  than  RAG 3 surfaces. S o i l  deve l -  
opment on RAG 2 depos i t s  i s  s i m i l a r  t o  t h a t  on younger RAG 3 and RAG 4 
depos i t s  . No ash beds which might p rov ide  numerical -age est imates have 
been found i n  these depos i ts .  No doubt these ma te r i a l s  have a con- 
s i de rab le  age span, perhaps from e a r l y  t o  l a t e  Quaternary. The i r  e leva-  
t i o n ,  on l y  40 t o  100 m (130 t o  330 f t )  above more cont inuous RAG 3 
depos i t s  of s i  m i  1  a r  1  i t  ho l  ogy , however, suggests most a re  probably not a  
g rea t  deal o l de r  than RAG 3  depos i ts .  

A.4.3 RAG 3  

RAG 3  sur faces a re  lower and, therefore,  younger than RAG 2 surfaces. 
Carbonate morphology and s o i l  development i n  RAG 3  depos i ts  do not  
exceed t h a t  o f  RAG 4 depos i ts ,  and, the re fo re ,  do not  a i d  i n  age estima- 
t i o n .  Laboratory analyses o f  RAG 3 depos i t s  exposed i n  a  grave l  p i t  a t  
t h e  mouth o f  Antelope Canyon ( f i g .  A.5 and s i t e  51, p l  . I ) ,  prov ides 
numerical -age est imates f o r  depos i t s  o f  t h i  s  RAG. 

The s t r a t i g r a p h i c  sec t ion  a t  t h e  Antelope Canyon p i t  cons i s t s  o f  coarse 
q u a r t z i t e  gravel  s  over1 a i  n  by massi ve, p i  nk , sandy s i  1 t s  and s i  1  t y  sand 
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Figure A.5 - Sketch o f  the s t ra t ig raphy exposed i n  a gravel p i t  i n  RAG 3 
te r race gravels a t  the mouth o f  Antelope Canyon ( f i g .  A.2).  The l oca t i on  
o f  samples c o l  lected f o r  paleomagnet i c  analysis o f  f ine-grained sediment 
( t ab le  A.4) and amino acid analysis o f  gastropods ( tab le  A.5) i s  shown. 
The rose diagrams show the  o r i e n t a t i o n  o f  50 elongate ( long axis > 2 x 
short  axis) pebbles i n  u n i t s  A and E. Flow d i rec t i ons  suggested Fy the 
pebble or ien ta t ions  suggest u n i t  A i s  a mainstream deposit  and u n i t  E was 
deposited by sidestreams. 



ove r l  a i n  by gray s t r a t i  f i e d  sand over l  a i  n  by f i n e  l o c a l  l y  de r i ved  gravel  
( f i g .  A.5, appendix C). The q u a r t z i t e  g rave ls  are imbr ica ted  east-west 
whi 1  e  c l  as t s  i n  t h e  uppermost f i n e  g rave ls  have a  roughly  perpendicu lar  
o r i e n t a t i o n  ( f i g .  A.5). We i n t e r p r e t  t h i s  sequence as outwash grave ls  
der i ved  from t h e  U in ta  Mountains depos i ted du r i ng  a  g l a c i a t i o n  o f  RAG 3 
age bu r i ed  by l a t e r  s ide  s lope co l  l u v i a l  -a1 l u v i a l  deposi ts.  E ight  spe- 
c i e s  o f  l and  snai 1  s  from t h e  c o l l  uvium-a1 luv ium (appendix C, i d e n t i  f i e d  
by E. Evanoff, U n i v e r s i t y  o f  Colorado, Boulder)  i n d i c a t e  a  t e r r e s t r i a l  
environment suggest ing our i n t e r p r e t a t i o n  i s  co r rec t .  One species may 
suggest t h e  c l ima te  was c o l d  du r i ng  depos i t i on  o f  t h i s  u n i t  (Evanoff ,  
w r i t t e n  communication, 1980). Fo l low ing  depos i t i on  o f  t h e  s ide  s lope 
ma te r i a l  , f l u v i a l  sediments o f  moderate energy covered t h e  s i t e  f o l  lowed 
by h igher  energy depos i t i on  o f  s idestream grave ls  l o c a l  l y  de r i ved  from 
t h e  U i  n t a  Formation. Very s imi  1  a r  s t r a t i  graphic  sec t ions  from the  White 
R ive r  Va l ley  i n  western Colorado have been given a  s i m i l a r  i n t e r p r e t a -  
t i o n  (Evanoff ,  o r a l  communication, 1981). 

One hundred and f i f t y  meters (500 f t )  south o f  t h e  main grave l  p i t  expo- 
sure, q u a r t z i t e  gravel  s  occur up t o  an e l e v a t i o n  of 8  m (26 f t )  above 
t h e i r  upper contact  i n  t h e  main exposure. Because t he re  are no o f f s e t s  
o f  t h i s  magnitude i n  t h e  bedrock u n i t s  (U in ta  Formation) underneath the  
q u a r t z i t e  grave ls ,  t h i s  d i  f ference i n  e l e v a t i o n  i s  not  due t o  f a u l t i n g .  
The lower grave l  was apparen t l y  deposi ted i n  a  channel which i s  now t h e  
t e r r a c e  cu t  i n t o  South Myton Bench which can be t r aced  along much o f  t h e  
n o r t h  edge o f  t h e  bench ( f i g .  A.2). 

A.4.3.1 Pal eomagneti c  Analyses 

Measurement o f  t h e  remanent magnet izat ion i n  sediments i s  w ide ly  used 
f o r  t h e  c o r r e l a t i o n  and d a t i n g  o f  cont inuous sequences o f  Cenozoic sed i -  
ments o r  sedimentary u n i t s  whose approximate age can be est imated inde-  
pendent ly (Watki ns, 1972). Based on our t e r r a c e  c o r r e l a t i o n s  
(sec. A.3.1), South Myton Bench and t h e  Antelope Canyon p i t  sediments 
a re  o f  l a t e  t o  mid-Quaternary age. Although much younger geomagnetic 
f i e l d  reversa ls  and excurs ions have been repor ted  w i t h i n  t h e  Brunhes 
normal po l  a r i  t y  chron, none have been c o n f i  rmed as worldwide geomagnet i c 
events (Verosub and Banerjee, 1977). Thus, c o n s i s t e n t l y  reversed 
pa l  eopol e  d i  r e c t i  ons i n  t h e  Ante1 ope Canyon p i t  sediments would i n d i c a t e  
an age g rea te r  than 0.73 Ma ( m i l l  i o n  years)  (Matuyama reversed chron) , 
w h i l e  normal p o l a r i t y  would most l i k e l y  i n d i c a t e  an age o f  l e s s  than 
0.73 Ma (Mankinen and Dalrymple, 1979). 

Ten separa te ly  o r i en ted  b locks ( 4  by 6  by 10 cm) of sandy, s i l t y  
c o l  1  u v i  urn-a1 1  u v i  um were c u t  from two s t r a t i g r a p h i c  h o r i  zons w i t h i n  
u n i t  C a t  t h e  Antelope Canyon grave l  p i t  ( f i g .  A.5). Cubes, 2 crn on a  
s ide, were cu t  from these b locks;  r a r e  zones o f  i r o n - s t a i n i n g  and car -  
bonate accumul a t i  on w i t h i n  t h e  b locks were avoided. The d i  r e c t i  on and 
i n t e n s i t y  o f  remanent magnet izat ion i n  14 cubes were measured w i t h  a  
Schonstedt spinner magnetometer opera t ing  i n  a  s i  x-spi  n  mode. One cube 
from each of t h e  10 b locks was demagnetized i n  a  Schonstedt a l t e r n a t i n g  
f i e l d  demagnetizer i n  e i g h t  steps t o  600 oe, and d u p l i c a t e  cubes from 
f o u r  b locks  were t he rma l l y  demagnetized a t  200 O C  and 400 O C  

( t a b l e  A.4). 
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The remanent magnet izat ion i n  most o f  these samples i s  s t rong  (mean NRM 
i n t e n s i t y  = 6.3 x emu/cm3) and f a i r l y  s t a b l e  (mean d e c l i n a t i o n  
and i n c l i n a t i o n  change t o  200 oe = 13' and 4') u n t i l  t h e  h igher  demagne- 
t i z a t i o n  steps a re  reached. A l l  but  one o f  t h e  samples c l e a r l y  r e t a i n  a 
normal remanent magnet i zat  i on. Sample 106 i s reversed but behaves s i  m i  - 
l a r l y  t o  t h e  o ther  samples du r i ng  both AF and thermal demagnetization. 
On t h e  bas is  o f  t h e  cons is tency o f  t h e  pa leopole  d i r e c t i o n s  i n  t he  o ther  
samples ( t a b l e  A.4), we a t t r i b u t e  t h i s  s i n g l e  reversed sample t o  an 
o r i e n t a t i o n  e r r o r  du r i ng  sample preparat ion.  Thus, we cons ider  these 
sediments t o  have been depos i ted i n  t h e  Brunhes f i e l d  making them less  
than  0.73 Ma o ld .  

A.4.3.2 Amino Acid Age Est imates 

Amino a c i d  r a t i o s  der i ved  from t h e  ana l ys i s  o f  t h e  organic  m a 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  d a t i n g  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, 1975; Wehmill er ,  1982). Many e a r l i e r  s tud ies  
at tempted t o  c a l c u l a t e  numerical age dates us ing amino ac i d  racemi z a t i  on 
data,  bu t  because of t h e  1 arge u n c e r t a i n t i e s  i n  racemi z a t i  on 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  o f  many o f  these dates i s  quest ionable  
(Wi l  1 iams and Smith, 1977; M i l l e r  and Hare, 1980). However, i f  indepen- 
d e n t l y  dated c a l i b r a t i o n  samples a re  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 i d  r a t i o s  t o  i n t e r p o l a t e  from t h e  ca l  i b r a -  
t i o n  samples ( f o r  example, Bada and Protsch, 1973). 

Un i t  B a t  t h e  Antelope Canyon grave l  p i t  (appendix C )  conta ins land  
gastropods dispersed throughout t h e  u n i t .  Only r e c e n t l y  have at tempts 
been made t o  use amino ac i d  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 t s  ( f o r  example, M i l l e r  and others ,  
1979; 1982). We are f o r t u n a t e  i n  our study i n  having access t o  
unpubl ished amino ac i d  analyses o f  c f .  C a t i n e l l a  ( t a b l e  A.5) from imme- 
d i a t e l y  below t h e  Lava Creek ash near Baggs, Wyoming, (sample c o l l e c t e d  
by R. F. Madole, USGS, Denver, Colorado) on l y  250 km (150 m i )  east o f  
Ante1 ope Canyon a t  a 240-111 (790- f t  ) h i  gher e leva t ion .  D-a1 1 o i  so l  euc i  ne/ 
L - i so leuc ine  r a t i o s  i n  t h e  t o t a l  hydro lyza te  amino ac i d  f r a c t i o n  ( t he  
pr imary r a t i o  used i n  r e l a t i v e  d a t i n g )  i n  gastropods from Baggs a re  
s i m i l a r  t o  those i n  Ca t i ne l  l a  and Zon i to ides  from Antelope Canyon 
( tab1 e A.5). Present -day temperatures near Ante1 ope Canyon (Myton, 
f i g .  A.2) a re  somewhat warmer (7.7 O C  mean annual temperature) than 
those near Baggs (5.4 OC), but ,  i f  t h e  f o l l o w i n g  assumptions a re  
co r rec t ,  we can est imate t h e  age o f  t h e  s n a i l s  from t h e  Antelope Canyon 
p i t ,  and, hence, t h e  age of  South Myton Bench and c o r r e l a t i v e  surfaces 
on Towanta F l a t .  

1. The general form o f  i sol  eucine racemi z a t i o n  ( ep ime r i za t i  on) i n  
C a t i n e l l a  and Zoni to ides i s  s i m i l a r  t o  t h a t  i n  o ther  s tud ied  gast ro-  
p o d s l e r  and others,  1982) and can be approximated by t h e  
equat ions i n  Wi l l iams and Smith (1977). Because our r a t i o s  from t h e  
Antelope Canyon p i t  a re  s i m i l a r  t o  those from t h e  c a l i b r a t e d  sample 



Table A.5. - 0-allolsoleuclne/L-lsoleulne ra t ios  I n  free md t o t a l  ( f ree t peptlde-bound) m l n o  acid f r r t l o n s  
ud calculated q e s  fo r  foss l l  gastropods f ra Antelope Canpn Pl t .  U l n t r  Rlver Valley. and 8199s. U p l l n q  

S n p l e  Al lo / lso r a t l o  11 Assued Arrhenlus Wern annual Estimated mean Calculated k e r q e  range 
IWSTMR L& NO. Spec l es re lgh t  Value parne te rs  temperature dlagenetlc q e  us lng r 1 'C 

(ug) Free Total used A 8 c tenperatwe ('c)?/ (yr BP r lo))!/ (y+ BP a 103) 

Cal l b ra t lon  S n p l e  

Baqgs. Y p l n g  (sec. 6. T. 12 N.. I. 91 Y.) - b e d l a t e l y  b e l w  Peu le t te -0  ash8 /  

ML-3414 c f .  Cat lne l la  5.1 0.48 0.48 17.04 6210 51 5.4 
AM-3418 c f .  t a t  i n e l l a  47.7 0.47 0.48 17.15 6287 5.4 
ML-34lC cf. t a t l n e l l a  2.2 0.26 0.48 17.29 6417 7/ 5.4 

Duchesne County, Utah Snples 

Antelope Canyon Gravel Pl t .  Duchesne County. Utan (SElI4, sec. 9. 1. 4 5.. R. 3 Y.) 

DAN-79A lonl to ldes uboreus 4.0 0.33 0.45 0.45 17.04 6210 51 7.7 
MM - 798 ~ o n l t o l d e s  iiborcu, 6.0 0.39 0.46 0.45 17.15 6287 7.7 
DAN- 79C 2onitoldes arboreus 8.0 0.40 0.44 0.45 17.29 6417 7/ 7.7 

Flsslon track 
date o f  
600 

MI-BZA c f .  Cat lne l  l a  2.8 0.42 0.46 0.49 17.04 6210 5/ 7.7 -2.6 476-323 
DAW-828 c f .  Cat lnel la  3.7 0.66 0.52 0.49 1 7 .  6417 I/ 7.7 3.4 418-325 

U ln ta  l l v e r  Valley. Dychesrn County. Utah (IIEl/4. SUI/4. s u .  10. T. 2 11.. R. 2 Y.) 

DAM - 7UA Zonltoldes uboreus 15.6 <0.03 NO 91 I n d l s t l q u l s h r b l e  from mdern  smples 
MW- 780 30.0 <0.02 0.02 Indlst lngulshrble f r a  mdern  smples 10 maa lmm 
MI-?BC %noides a rh reus  9.0 (0.06 IIU a l m s t  InJIst  l q u l s b r b l e  f ron  modern srnples 

11 Al  l o 1  l so  r a t  l o  measured u s l q  arthods o f  MI1 l e r  ud Hare (1980). 
21 k m  annuql a i r  tenperatwe at nearest s tat lon f r r  Ruffner (1978 . 
3 Mean e f f e c t b e  d l q e n e t l c  tmpera twe ( U e h l l l e r  a d  others. 1971l e s t f u t e d  hr the difference between the mean m a 1  a i r  t q e r a t u r e  n d  the effective 
a l q e n e t l c  tmperature calculated uslng f l s s l o n  track date on Pearlette-0 ash (Maeser and others. 1973) for  ca l lb ra t lon  s r p l e  ass~mlng l l s t e d  Arrhenlus 
parncters. r  
4/ Age calculated uslng equation 18 I n  Y l l l l n s  m d  Salth (1976) r l t h  K '  = 0.77. 
31 Values of constants I n  Arrhenlus equatlon (Ho. 9 In  Y l l l l r s  a d  Snlth. 1976) detemlncd f o r  _LJmcr by Y. 0. kCoy  (unplrbllshed data) uslnp 14C dated 
h n p l e s  a d  heatlng eaperlwnts. 
61 Values o f  constants I n  Arrhenlus equatlon detemlned f o r  W a truncata by M l l l e r  1980 . 
7, Values o f  constants I n  Arrhenlus equatlon C t e n l n d  fo r  &c-y M t t e r e r  119771. 
W Smple col lected b y  R. F. Wdole. US6S - Omer .  
il Horn detectrble. - 



o f  t h e  same species a t  Baggs, even if t h e  r a t e  o r  racemin iza t ion  i n  
C a t i n e l l a  i s  markedly d i f f e r e n t  from t h a t  i n  o ther  species, our age 
est imates w i l l  be l i t t l e  a f fec ted .  

2. The d i f f e r e n c e  i n  t h e  e f f e c t i v e  d iagene t i c  temperatures o f  t he  
f o s s i  1  s n a i l s  from t h e  Antelope Canyon p i t  and Baggs i s  t h e  same as 
t h e  d i f f e r e n c e  between t h e  present mean annual a i r  temperatures a t  
these s i t e s .  Samples a t  both s i t e s  were c o l l e c t e d  below a 2-m ( 7 - f t )  
depth, and, the re fo re ,  should be l i t t l e  a f f e c t e d  by d i u rna l  and 
seasonal temperature changes (Mi 11 e r  and Hare, 1980; M i  11 e r  and 
others ,  1982). Because o f  t h e  u n c e r t a i n t y  i n  t h i s  assumption, we 
have ca l cu l a ted  age est imates from each sample us ing a 5 ° C  range 
o f  temperatures ( t a b l e  A.5). 

3. The e f f e c t i v e  d iagene t i c  temperature a t  each s i t e  f o r  t he  l a s t  
375 k  y r  (thousand years )  i s  c l o s e l y  approximated by t h e  e f f e c t i v e  
d i agene t i c  temperature f o r  t h e  l a s t  600 ka years  ( M i l l e r  and Hare, 
1980). Re l i ab l e  temperature est imates f o r  t h e  con t i nen ta l  i n t e r i o r  
d u r i n g  these per iods a re  not  ava i l ab l e ,  but ,  i f  t h e  d i r e c t i o n ,  dura- 
t i o n ,  and r e l a t i v e  magnitude o f  temperature change i n  t h i s  reg ion 
were s i m i l a r  t o  those i n d i c a t e d  by oxygen i so tope  data from the  
marine record f o r  t h e  same per iods,  then  t h i s  assumption i s  
reasonable. 

Combining our age est imates fro; t a b l e  A.5, we est imate t h e  age o f  t h e  
s n a i l s  from t h e  Antelope Canyon p i t  a t  375 + 120 ka. Although we are 
i n d i c a t i n g  a  great  deal o f  unce r t a i n t y  as to t h e  age of t h i s  s i t e ,  we 
no te  t h a t  t h e  assumptions used i n  our age c a l c u l a t i o n s  a re  more conser- 
v a t i v e  than  those used i n  many e a r l i e r  amino ac i d  geochronologic s tud ies  
( f o r  example, Wehmil l e r  and Be1 knap, 1978). The s n a i l s  a t  Antelope 
Canyon p i t  o v e r l i e  t h e  q u a r t z i t e  g rave ls  c o r r e l a t i v e  w i t h  outwash t e r -  
races upstream (RAG 3). Thus, our age est imate f o r  t h e  snai 1  s  prov ides 
on l y  a  minimum age est imate f o r  South Myton Bench and t h e  c o r r e l a t i v e  
Towanta F l  a t  surface. 

A.4.4 RAG 4  

S o i l s  developed on moraines and t e r races  o f  RAG 4 have s t rong  Bt h o r i -  
zon co lo rs ,  h i gh  c l  ay contents,  and ex tens i  ve a r g i  11 an development , and 
s i g n i f i c a n t l y  more carbonate than s o i l s  on younger landforms 
( t a b l e  A.3). I n  add i t i on ,  outwash o f  both RAG 3 and RAG 4 grades i n t o  
broad, eroded morai nes w i t h  gent1 e  s l  opes and few undra i  ned depressions. 
Deposi ts w i t h  s i m i l a r  c h a r a c t e r i s t i c s  i n  many p a r t s  o f  t h e  Rocky 
Mountain reg ion  have been mapped as o f  "pre-Bul l  Lake" age (Richmond, 
1965; Mad01 e, 1976) (Quaternary  s t r a t i  graphic  usage i n  t h i s  r epo r t  
f o l l ows  t h e  gu ide l ines  o f  Ostenaa and others ,  1985, appendix C.) By 
r e l a t i v e  pos i t i on ,  RAG 4  depos i t s  a re  younger than those o f  RAG 3, but  
s o i l  development does no t  suggest a  great  age d i f f e r e n c e  between these 
two RAGS. Both groups may correspond i n  age w i t h  "pre-Bul l  Lake" depos- 
i t s  e l  sewhere i n  t h e  reg ion  (Osborn, 1973, p. 134). 

The d i f ferences i n  t h e  r a t e  o f  carbonate accumulation and h i s t o r y  o f  
Quaternary  c l ima te  change between t h e  U in ta  Basin and c e n t r a l  New Mexico 



are  unknown. However, us ing  t h e  average r a t e  of carbonate accumulation 
ca l cu l a ted  by Machette (1978) f o r  a sequence o f  pa leosols  near 
Albuquerque, New Mexico, our  carbonate data ( t a b l e  A.3) f o r  outwash 
s o i l s  o f  RAG 4 i n d i c a t e  ages o f  286 ka t o  485 ka. These age est imates 
a re  i n  t h e  same range as our  amino ac i d  age estimates. Unless long-term 
average s o i l  carbonate accumulation r a tes  a re  much h igher  i n  t h e  Uinta  
Basin than i n  cen t ra l  New Mexico, t h e  carbonate- r ich soi  1s suggest a 
"pre-Bul l  Lake" age f o r  RAG 4 deposi ts.  

The marine oxygen-isotope record (Shackel ton and Opdyke, 1973) i n d i c a t e s  
several  per iods o f  ex tens ive  worldwide g l a c i a t i o n  younger than 600 ka 
but  o l d e r  than dated "Bu l l  Lake" depos i t s  (discussed below). Uranium 
se r i es  dates on speleothems suggest two c o l d  i n t e r v a l s  du r i ng  t h e  
younger p a r t  o f  t h i s  pe r i od  i n  t h e  nor thern  Rocky Mountains (Harmon and 
others,  1977). Deposits i n  RAG 4 may we1 1 da te  from one o f  these co ld  
per iods,  but  w i thou t  b e t t e r  l o c a l  d a t i n g  c o n t r o l ,  more s p e c i f i c  age 
assignments cannot be made. Thus, RAG 4 depos i t s  a re  probably - < 500 ka, 
bu t  o l d e r  than dated "Bu l l  Lake" deposi ts.  

A.4.5 RAG 5-6 

The degree o f  carbonate accumulat ion i n  s o i l s  on RAG 5-6 moraines and 
t e r races  separates them from s o i l s  on RAG 4 depos i t s  (sec. A.2.3). A 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  amount o f  downcutt ing by t h e  Lake Fork 
R ive r  a l s o  suggests a major t ime  i n t e r v a l  between these two RAGS 
(Osborn, 1973, p. 135). 

Bt  ho r i zon  development i n  RAG 5-6 s o i l s  c l e a r l y  i n d i c a t e s  t hey  are 
s i g n i f i c a n t l y  o l de r  than t h e  s o i l s  developed on t h e  moraines and t e r -  
races o f  RAG 7-8. Surface weather ing data a l so  support a major break 
between t h e  RAG 5-6 and RAG 7-8 moraines. Because t he  c h a r a c t e r i s t i c s  
o f  t h e  break i n  s o i l  development and sur face  weather ing data between, 
and t h e  r e l a t i v e  p o s i t i o n  o f  t he  RAG 5-6 and 7-8 moraines and 
corresponding outwash t e r races  i s  s i m i l a r  t o  t h e  break between "Bu l l  
Lake" and "Pinedale" moraines mapped i n  o the r  p a r t s  o f  t h e  Rocky 
Mountains, we c o r r e l a t e  our  RAG 5-6 depos i t s  w i t h  "Bu l l  Lake" depos i ts  
elsewhere i n  t h e  region. Hansen (1969a; 1969b) a lso  mapped t h e  moraines 
on t h e  n o r t h  edge o f  Towanta F l a t  (RAG 5-6) as o f  B u l l  Lake age. 

The best numerical-age dates on "Bu l l  Lake" moraines i n  t h e  Rocky 
Mountain reg ion  come from Ye1 1 owstone Nat iona l  Park. The re1 a t  i ve 
morphology and degree o f  s o i l  development on moraines mapped as B u l l  
Lake near West Ye1 lowstone support a c o r r e l a t i o n  t o  B u l l  Lake moraines 
a t  t h e  t ype  area i n  t h e  Wind R iver  Mountains (P ie rce  and others,  1976) 
and t o  some, but  not  necessa r i l y  a l l ,  B u l l  Lake moraines i n  o the r  areas, 
(P ierce,  1979; Colman and Pierce, 1981, p. 36). 

A t  West Yellowstone, a r h y o l i t e  f low t h a t  was emplaced i n  t h e  i n t e r v a l  
between t h e  depos i t i on  o f  t h e  B u l l  Lake and Pinedale t e rm ina l  moraines 
i s  K-Ar dated a t  114.5 +7.3 ka, t h e  weighted average f o r  f i v e  K - A r  
ages on sanid ine and g lass  (P ie rce  and others ,  1976; Madole and Shroba, 
1979). Using a c a l i b r a t i o n  curve f o r  obs id ian  hyd ra t i on  d a t i n g  based on 



t h e  above K-Ar dates and an a d d i t i o n a l  da te  o f  179 +3 ka from an 
o l d e r  f low, hydra t ion  r i n d s  on obs id ian  c l a s t s  from-the B u l l  Lake 
moraines i n d i c a t e  an average age o f  140 ka w i t h  a  range o f  about 130 t o  
155 ka. 

The Louv iers  A1 luv ium i n  t h e  Front  Range piedmont o f  Colorado (Sco t t ,  
1963) has genera l l y  been c o r r e l a t e d  w i t h  t h e  " "Bu l l  Lake" g l a c i a t i o n  on 
t h e  bas is  o f  r e l a t i v e  s o i l  development. A recent  uranium se r i es  t r e n d  
ana l ys i s  on s o i l  carbonate f rom a Louv iers  a1 l u v i a l  t e r r a c e  gave an age 
o f  140 +23 ka (Roshol t  , 1980). Other uranium se r i es  dates on bone i n  
t h e  Louy iers  A1 luv ium gave an average age o f  102 ka, but  t h i s  may we1 1 
be a m i  nirnum age (Szabo, 1980). 

The ex tens ive  study o f  weather ing r i n d s  on g l a c i a l l y  der i ved  c l a s t s  by 
Colman and P ie rce  (1981) i n d i c a t e s  t h a t  a l though a 140 ka g l a c i a l  event 
i s  w ide ly  represented, o the r  major g l a c i a l  advances occurred i n  some 
areas about 35 t o  50 ka and 60 t o  70 ka. Thus, "Bu l l  Lake" depos i t s  i n  
some areas may postdate t h e  l a s t  i n t e r g l a c i a l  (marine oxygen i so tope  
substage 5e, about 125 ka)  r a t h e r  than predate it. 

Closer t o  our study area a t  L i t t l e  Cottonwood Canyon i n  t h e  cen t ra l  
Wasatch Mountains, t h e  organic  f r a c t i o n  o f  a  s o i l  developed on an o l de r  
t i l l  w i t h  s t rong  Bt hor i zon  development has been 1 4 ~  dated a t  26,080 + 
1,2001 -1,100 years B.P. (GX-4737) (Madsen and Currey, 1979). Th is  date 
i s  c l e a r l y  a  minimum age f o r  t h e  t i l l  which has been suggested t o  co r re -  
l a t e  w i t h  oxygen-i sotope stage 6, from t h e  marine record (Shackel ton and 
Opdyke, 1973), spanning t h e  pe r i od  130 t o  190 ka. Scot t  and o thers  
(1982) suggested t h a t  Lake Bonnev i l l e  sediments j u s t  west o f  t h e  Wasatch 
Mountains deposi ted d u r i n g  t h e  next- to- the-1 as t  major l ake  c y c l e  a1 so 
da te  f rom iso tope  stage 6. Amino a c i d  r a t i o s  from freshwater s n a i l s  i n  
these l ake  sediments i n d i c a t e  they  a re  > 50 ka, but ,  i f  they  date from 
stage 6, t h e  c l ima te  du r i ng  t h e  l a s t  150 ka i n  t h i s  area has been con- 
s i de rab l y  co lder  f o r  a  longer  pe r i od  than p rev i ous l y  thought (McCoy, 
1981). Because major c l ima te  changes a re  thought t o  be approximately 
g l o b a l l y  synchronous, it seems reasonable t o  c o r r e l a t e  our RAG 5-6 
depos i ts ,  t h e  products o f  t h e  next - to- the-1 as t  major g l a c i a t i o n  fo r  
which t h e r e  i s  evidence i n  t h e  area, w i t h  t h e  o l d e r  t i l l  i n  Cottonwood 
Canyon, w i t h  Sco t t  and o thers  (1982) depos i t s  o f  t h e  next - to- the-1 as t  
c y c l e  o f  Lake Bonnev i l le ,  and w i t h  "Bu l l  Lake" depos i ts  i n  Ye1 lowstone 
Nat iona l  Park. RAG 5-6 depos i t s  cou ld  c o r r e l a t e  w i t h  t h e  60- t o  70-ka 
event i d e n t i f i e d  by Colman and P ie rce  (1981). However, t h e  con t ras t  i n  
RD da ta  between RAG 5-6 and RAG 7-8 suggests t o  us t h a t  a  c o r r e l a t i o n  
w i t h  i so tope  stage 6 i s  more l i k e l y .  Based on these c o r r e l a t i o n s ,  RAG 
5-6 depos i t s  date from approximately 130 t o  150 ka. 

A.4.6 RAG 7-8 

The morphol ogy o f  t h e  narrow-crested, s teep-s i  ded morai nes i n  t h e  Lake 
Fork drainage, t h e i r  p o s i t i o n  immediately proximal t o  moraines co r re -  
l a t e d  w i t h  "Bu l l  Lake" g l a c i a l  depos i ts ,  and t h e i r  sur face weather ing 
and so i  1  development cha rac te r i  s t  i c s  s t r o n g l y  support a  c o r r e l  a t i  on w i t h  
"Pinedale" moraines elsewhere i n  t h e  Rockies (Osborn, 1973, p. 135). 



A number of 14c dates prov ides numerical age con t ro l  f o r  "Pinedale " 
deposi ts  i n  t he  Rocky Mountain reg ion  (Po r te r  and others ,  1983) 
a l though none are a v a i l a b l e  from the  Uinta Mountains. Several 1% 
analyses from Yellowstone Park on wood i n  l ake  s i l t s  o v e r l a i n  by 
Pinedale deposi ts  and under la in  by B u l l  Lake t i l l  i n d i c a t e  an i n f i n i t e  
14c age f o r  t h i s  u n i t  ( >  45 ka) (P ie rce  and others,  1976). Nelson and 
others  (1979) a lso  obtained 1 4 ~  dates which they i n t e r p r e t e d  as minimum 
ages ( >  30 ka) on organic  s i l t  from beneath "Pinedale" t i l l i n  t he  
~ raser -R iver  Val ley on t h e  west s lope o f  t h e  Front Range. On t he  east 
s i de  o f  t h e  Front Range, t h e  o ldes t  o f  t h e  12 radiocarbon dates f o r  
sediments from g l a c i a l  Lake Dev l in  suggests t h e  l a s t  major Pinedale 
advance, which was a t  l e a s t  as extens ive as e a r l i e r  advances, was 
approaching i t s  maximum about 22,400 + 2,300 years B.P., (DC-870) 
(Madole, 1980). Obsidian hydra t ion  r i n d s  on c l a s t s  i n  e a r l y  Pinedale 
te rmina l  moraines and outwash i n  Ye1 lowstone i n d i c a t e  an age of  about 
30 ka f o r  t he  maximum "Pinedale" advance. Radiocarbon dates from the  
above areas ove r l y i ng  deposi ts  o f  t h e  maximum "Pinedale" advance are i n  
t h e  range o f  14 t o  12 ka ( f o r  example, Madole, 1976; Nelson and others,  
1979) i n d i c a t i n g  i c e  recession had begun i n  many areas by a t  leas t  
14 ka. O f  i n t e r e s t  here a re  dates o f  14,900 + 250 years B.P. (W-4209) 
and 14,130 + 150 years B.P.(W-4289) on p l a n t  fragments from lakebeds i n  
a c i rque  showing t h a t  t he  San Juan Mountains o f  southwestern Colorado 
were ex tens ive ly  deg lac ia ted  p r i o r  t o  14 ka (Carrara and Mode, 1979). 

A t  L i t t l e  Cottonwood Canyon, t h e  1 4 ~  date on t he  s o i l  on t he  o lder  
t i 1  1 prov ides a maximum age f o r  t h e  younger 'over l y ing  t i 11 and co r re l a -  
t i v e  moraines immediately upval l e y  (Madsen and Curry, 1979). The 
younger t i l l  marks t he  f a r t h e s t  extent  o f  t h e  l a s t  major g l a c i a t i o n  i n  
t h e  area, and i s ,  thus, c o r r e l a t i v e  w i t h  our RAG 7-8 moraines and adja- 
cent outwash ter races.  Over ly ing  t h e  surface t i l l  i n  L i t t l e  Cottonwood 
Canyon i s  a wedge o f  l a c u s t r i n e  sediment co r re l a ted  w i t h  t h e  lower 
member o f  t h e  Bonnevi 1 l e  Formation deposi ted dur ing  t h e  l a s t  major lake  
cyc le .  Radiocarbon dates on wood i n d i c a t e  t h a t  Lake Bonnev i l l e  was 
approaching i t s  l a s t  major h igh stand by 21 t o  20 ka (Sco t t  and others,  
1982). Based on i n t e r p r e t a t i o n  of a bog date i n  t h e  upper reaches o f  
L i t t l e  Cottonwood Canyon, deg lac ia t i on  o f  t h e  canyon began 14 t o  13 ka 
(Madsen and Curry, 1979). 

Osborn (1973, p. 117) suggested t h a t  small wedge-shaped bodies o f  marl 
on t h e  proximal s ide  o f  t h e  moraines o f  Crys ta l  Creek (RAG 7-8) age 
along t h e  Uinta R iver  date from the  deg lac ia t i on  o f  these moraines. 
However, our amino ac id  analyses o f  s n a i l s  from these marls i n d i c a t e  
they are < 10,000 years o ld ,  probably o f  mid-Holocene age ( t a b l e  A.5). 
The mar ls  probably formed i n  depressions created by l a n d s l i d i n g  i n  t h i s  
area l ong  a f t e r  degl ac i a t i on .  

Thus, assumi ng RAG 7-8 deposi ts  are chronocorrel  a t i  ve w i t h  "Pi nedal e" 
deposi ts  i n  t h e  Rockies and t h e  younger t i l l  i n  L i t t l e  Cottonwood 
Canyon, t h i s  per iod  o f  g l a c i e r  advances began p r i o r  t o  30 t o  40 ka, 
reached i t s  maximum ex ten t  20 t o  30 ka, and had receded from i t s  ou te r -  
most te rmina l  moraines by a t  l e a s t  13 t o  14 ka. 



A.4.7 RAG 9 

Radiocarbon dates i n  t h e  Front  and Park Ranges i n d i c a t e  t h e  l a t e s t  
"Pinedale" advances a re  o l d e r  than 10 ka and poss ib l y  11 ka (Madole and 
Shroba, 1979; Madole, 1980). Younger dates i n  t he  range of 7 t o  8 ka 
f rom several  areas g i ve  o n l y  minimum ages f o r  i c e  recession. The record 
from L i t t l e  Cottonwood Canyon i s  s i m i l a r  - d e g l a c i a t i o n  of much o f  t h e  
upper reaches o f  t h e  canyon probably took  p lace  be fo re  10 ka and degla- 
c i a t i o n  was complete by a t  l e a s t  7 t o  8 ka (Madsen and Curry, 1979). 
Most l a t e s t  "Pinedale" depos i t s  a re  o l d e r  than  11.5 ka ( P o r t e r  and 
others ,  1983). 

The Jackson Park moraines o f  Osborn (1973) occur i n  a r e l a t i v e  p o s i t i o n  
i n  t h e  Yellowstone and U in ta  R ive r  Val leys s i m i l a r  t o  t h a t  f o r  " l a t e  
Pinedale" moraines i n  o the r  p a r t s  o f  t h e  Rockies. Based on i t s  p o s i t i o n  
below RAG 7-8 te r races ,  bu t  above t h e  modern f l o o d  p l a i n  and on i t s  
minimal s o i l  development, our RAG 9 t e r r a c e  i s  probably c o r r e l a t i v e  w i t h  
t h e  Jackson Park moraines, and thus, probably  dates from t h i s  per iod  
( 1 1  t o  14 ka).  

Modern f lood  p l a i n  and c o r r e l a t i v e  depos i t s  (RAG 10, p l .  3)  are, thus,  
i n t e r p r e t e d  as o f  Holocene ( <  - 10 ka)  age. Most probably date from t h e  
1 as t  few thousand years. 



APPENDIX B 

SOIL PROFILE DESCRIPTIONS 



SOIL PROFILE DESCRIPTION 1 

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

Locat ion:  Towanta F l a t  Trench No. 1, S t a t i o n  0+27; Mountain Home Quad.; 
NW1/4, NW1/4, sec. 10, T. 1. S. ,  R. 5 W. 

Physiographic p o s i t i o n :  Upthrown surface of f au l t ed  g l a c i o f l u v i a l  
gravels  18 m (58 f t )  back from edge o f  5.2-m 
( 1 7 - f t  ) scarp; (7300-ft ) 2226 m e leva t ion .  

Topography: Smooth sur face s l op ing  2O SE. 

Drainage: Well drained. 

Vegetat ion: Sagebrush and sho r t  grasses; sca t te red  jun iper .  

Parent mater i  a1 : Thin c o l  1 u v i  um over g l  a c i  o f  1 u v i  a1 gravel  s. 

Age: Pre-Bul l  Lake? 

Sampled by: A. R. Nelson, December 4, 1979. 

Remarks: C las t  volume percentages v i s u a l l y  estimated. 

A 1 0-6 cm. D u l l  reddish brown (5YR 4/4) dry,  dark reddish brown 
(5YR 314) mois t ;  sandy loam; very  weak medium t o  coarse 
subangular b locky;  s o f t  (d ry ) ,  s l i g h t l y  s t i c k y  and nonp las t i c  
(wet) ;  no effervescence; 2% h i g h l y  weathered c l a s t s ;  c l e a r  
wavy boundary. 

B 1 6-16 cm. D u l l  reddish brown (5YR 515) dry,  (5YR 4/5) mois t ;  
very gravel  l y  loam; weak coarse angular  blocky; s o f t  (d ry ) ,  
s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  many c o l l o i d a l  
s t a i n s  on minera l  g ra ins ;  no effervescence; 20% pebbles and 
30% cobbles by volume; 2% h i g h l y  weathered c l a s t s ;  c l e a r  wavy 
boundary. 

I I B 2 l t  16-38 cm. B r i g h t  reddish brown (5YR 518) dry,  reddish brown 
(5YR 418) mois t ;  very g r a v e l l y  sandy c l a y  loam; moderate t o  
s t r ong  coarse angular  blocky; hard  (d ry ) ,  s t i c k y  and p l a s t i c  
(wet) ;  many t h i n  a r g i  1 l a n  br idges,  few moderately t h i c k  
a r g i l l a n s  on c l a s t s ;  no ef fervescence; 20% pebbles and 40% 
cobbles by volume; 5% h i g h l y  weathered c l as t s ;  abrupt wavy 
boundary. 

I It322 38-48 cm. D u l l  orange (7.5YR 614) dry ,  b r i g h t  brown (7.5YR 
5/6) moist ;  very  g r a v e l l y  sandy c l a y  loam; very weak medium 
angular  b locky;  s o f t  (d ry ) ,  s l i g h t l y  s t i c k y  and s l i g h t  p l a s t i c  
(wet) ;  common t h i n  a rg i  1 l a n  br idges;  m a t r i x  v i o l e n t l y  . e f f e r -  
vescent, evenly d i  s t r i  buted carbonate about 10% by vo l  ume 



(est imated),  carbonate stage I t o  11; 20% pebbles and 40% 
cobbles by volume; 5% h i g h l y  weathered c l as t s ;  c l e a r  broken 
boundary. 

I IK lb  48-105 cm. White (7.5YR 810) t o  l i g h t  gray (7.5YR 812) w i t h  
smal l  areas o f  m a t r i x  b r i g h t  brown (2.5YR 516) dry ,  d u l l  
orange (7.5YR 714 t o  7.5YR 813) mois t ;  very g r a v e l l y  loam; 
moderate coarse p l a t y  break ing t o  s t r ong  medi um angular 
blocky; hard t o  very hard (d r y ) ,  s l i g h t l y  s t i c k y  and 
nonpl a s t i c  (wet ); e n t i  r e  m a t r i x  v i o l e n t l y  e f fervescent ;  dense 
carbonate r i n d s  on c l a s t s  average 1.54 + 0.81 mm t h i ck ,  ca r -  
bonate about 50% by volume (estimated),-carbonate stage 111; 
20% pebbles, 30% cobbles, and 5% boulders by volume; 40 t o  50% 
h i g h l y  weathered c l  asts ;  c l e a r  wavy boundary. 

I I I C l c a b  105-190 cm. Reddish brown (2.5YR 417) t o  wh i te  (810) dry,  
b r i g h t  reddish brown (5YR 518) t o  l i g h t  gray (5YR 812) mois t ;  
very g r a v e l l y  loam; massive t o  moderate medium angular blocky; 
s o f t  t o  hard (d ry ) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  co~nmon 
t h i n  a r g i l  l a n  br idges i n  i n t e r c l a s t  areas; m a t r i x  s l i g h t l y  
e f fervescent ,  v i o l e n t l y  e f fe rvescen t  near c l as t s ;  20% car -  
bonate by volume (est imated)  mos t l y  coa t i ng  c l  asts ,  carbonate 
stage I I; 10% pebbles, 40% cobbles, and 30% bout ders by v o l -  
ume; 2% h i g h l y  weathered c l a s t s ;  d i f f u s e  i r r e y u l a r  boundary. 

I I IC2cab 190-298 cm. B r i g h t  reddish brown (5YR 518) t o  wh i t e  (810) 
dry ,  reddish brown (5YR 418) t o  l i g h t  gray (5YR 812) moist ;  
very g r a v e l l y  loam; massive t o  moderate medium angular  blocky; 
s o f t  t o  hard (d ry ) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  common 
t h i n  a r g i l  l a n  br idges i n  i n t e r c l a s t  areas; m a t r i x  s l i g h t l y  
e f fe rvescen t ,  near c l a s t s ;  15% carbonate by volume (est imated)  
mos t l y  coa t i ng  c l  as ts  and g radua l l y  decreasing w i t h  depth, 
carbonate stage I t o  11; 10% pebbles, 40% cobbles, and 302 
boulders by volume; 2% h i g h l y  weathered c l as t s .  



SOIL PROFILE DESCRIPTION 2 

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

Locat ion: Towanta F l a t  Trench No. 1, S t a t i o n  1+58; Mountain Home Quad.; 
NW1/4, NW1/4, sec. 10, T. 1 S., R. 5 W. 

Physiographic p o s i t i o n :  Downthrown sur face of f a u l t e d  g l a c i o f l u v i  a1 
g rave ls  w i t h  o v e r l y i n g  c o l l u v i a l  apron 21 m 
(70 f t )  back from edge of 5.2-m ( 1 7 - f t )  scarp; 
2221-m (7284-f t  ) e l e v a t i o n  

Topography: Smooth surface s l op ing  4' SE. 

Dra i  nage: We1 1 d r a i  ned. 

Vegetat ion: Sagebrush and sho r t  grasses. 

Parent ma te r i a l  : Thick c o l  luv ium over g l a c i o f l u v i a l  gravel  s. 

Age: Pre-Bul l  Lake? o v e r l a i n  by B u l l  Lake t o  Holocene co l  luvium. 

Sampled by: A. R. Nelson, December 4 ,  1979. 

Remarks: C las t  volume percentages v i s u a l l y  estimated. 

AB 0-18 cm. Orange (7.5YR 616) t o  b r i g h t  reddish brown (5YR 516) 
d ry ,  reddish brown (5YR 416) t o  d u l l  reddish brown (5YR 414) 
moist ;  sandy loam t o  loam; weak medium t o  coarse angular 
b locky  t o  very weak medium p l a t y ;  s o f t  t o  s l i g h t l y  hard (d ry ) ,  
s t i c k y  t o  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c a t o  nonp las t i c  
(wet) ;  common t h i n  a r g i l l a n  br idges;  s l i g h t l y  s t r a t i f i e d  w i t h  
i r r e g u l a r  m ix tu re  o f  sandy loam and loam ma te r i a l  due t o  
ground d i  sturbance; no effervescence; 2% pebbl es by vo l  ume; 
abrupt wavy boundary. 

8 2 1t 18-52 cm. B r i g h t  reddish brown (5YR 516) dry,  (SYR 416) 
moist ;  sandy c l a y  loam; s t rong  medium pr i smat ic ;  hard (dry) ,  
s t i c k y  and p l a s t i c  (wet) ;  cont inuous moderately t h i c k  a r g i  1 l a n  
br idges,  many t h i n  a r g i l l a n s  l i n i n g  pores, few t h i n  a r y i l l a n s  
on ped faces; no effervescence; 2% pebbles by volume; gradual 
i r r e g u l a r  boundary. 

B22t 52-128 cm. Orange (7.5YR 616) t o  b r i g h t  reddish brown (5YR 
516) dry ,  1 i g h t  ye1 low orange (7.5YR 814) v e r t i c a l  carbonate 
j o i n t  f i l l i n g s ,  b r i g h t  brown (7.5YR 516) t o  redd ish  brown (5YR 
416) moist ;  loam; s t rong  coarse p r i smat ic ;  hard t o  very hard 
(d ry ) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  continuous 
moderately t h i c k  a r g i l l a n  br idges,  continuous moderately t h i c k  
a r g i l  lans 1 i n i n g  pores, very few t h i n  a r g i l l a n s  on ped faces; 
m a t r i x  s l i g h t l y  e f fe rvescen t ,  carbonate j o i n t - f i l l i n g s  
s t r o n g l y  t o  v i o l e n t l y  e f fervescent ;  1% carbonate by volume 



(est imated),  carbonate stage I; 2% pebbles by volume; c l e a r  
wavy boundary. 

I IB23 tb  128-174 cm. D u l l  orange (5YR 7/4) t o  orange (5YR 6/6)  dry,  
a r g i  1 lans on c l a s t s  b r i g h t  reddish brown (5YR 5/8),  (5YR 5/6) 
t o  redd ish  brown (5YR 4/6) mois t ;  very g r a v e l l y  coarse sandy 
c l a y  loam; moderate t o  s t r ong  medium angular b locky;  s l i g h t l y  
hard t o  hard (dry) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  
(wet) ;  few t h i n  a r g i l l a n  br idges,  very few moderately t h i c k  
a r g i l  l ans  on c l a s t s ;  m a t r i x  very s l i g h t l y  ef fervescent,  common 
carbonate coat ings on c l a s t s  v i o l e n t l y  effervescent, 2% car -  
bonate by volume (est imated),  carbonate stage 1; 30% pebbles, 
30% cobbles, and 10% boulders;  l e s s  than 2% h i g h l y  weathered 
c l a s t s ;  c l e a r  wavy boundary. 

I I I R 2 4 t b  174-203 cm. B r i g h t  brown (2.5YR 516) t o  b r i g h t  reddish brown 
(5YR 518) dry ,  reddish brown (2.5YR 4/6) t o  (5YR 4/8) moist ;  
very  g r a v e l l y  coarse sandy c l a y  loam; s t rong  medium angular 
blocky; very hard (d r y ) ,  very s t i c k y  and p l a s t i c  (wet) ;  con- 
t inuous  t h i c k  a r g i l -  l ans  b r i d g i n g  g ra ins  and l i n i n g  pores, 
few moderately t h i c k  a r g i l l a n s  on ped faces; m a t r i x  s l i g h t l y  
e f fe rvescen t ,  common carbonate c l a s t  coat ings v i o l e n t l y  e f f e r -  
vescent; 2% carbonate by volume (est imated),  carbonate 
stage I; 25% pebbles, 25% cobbles, and 20% boulders by volume; 
l e s s  than 2% h i g h l y  weathered c l as t s .  

I I I B 3 t b  203-228 cm. D u l l  orange (5YR 714) t o  b r i g h t  redd ish  brown 
(5YR 516) dry ,  a r g i l l a n s  l i n i n g  pores b r i g h t  reddish brown 
(5YR 5/8), (5YR 516) t o  redd ish  brown (5YR 416) moist ;  very 
g r a v e l l y  loam; moderate f i n e  t o  medium angular  blocky; 
s l i g h t l y  hard ( s o f t ) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  
(wet) ;  many t h i n  a r g i l l a n s  b r i d g i n g  g ra ins  and l i n i n g  pores, 
very few t h i c k  a r g i l l a n s  on c l a s t s ;  m a t r i x  very s l i g h t l y  
e f fervescent ,  very few carbonate coat ings on c l a s t s  s l i g h t l y  
e f fe rvescen t ;  i n i t i a l  carbonate stage I; 25% pebbles, 25% 
cobbles, and 20% boulders;  l e s s  than 2% h i g h l y  weathered 
c l as t s .  



SOIL PROFILE DESCRIPTION 3 

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

Locat ion:  E edge o f  co l l apse  p i t  200 m SW of Towanta F l a t  Trench No. 1; 
Mountain Home Quad; NW1/4, NW1/4, sec. 10, T. 1 S., R. 5 W. 

Physiographic p o s i t i o n :  Downthrown sur face  o f  f a u l t e d  g l a c i o f l u v i a l  
g rave ls  w i t h  o v e r l y i n g  c o l  l u v i a l  apron 10 m 
(30 f t )  back from edge of scarp; 2217 rn 
(7270 f t )  e leva t ion .  

Topography: Smooth e ros iona l  su r face  s l op ing  9' SE. 

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush and sho r t  grasses. 

Parent mater i  a1 : Thick c o l  luv ium over g l a c i o f l u v i a l  gravels.  

Age: Pre-Bul l  Lake? o v e r l a i n  by B u l l  Lake t o  Holocene col luvium. 

Sampled by: A. R. Nelson, December 4, 1979. 

Remarks: C las t  and carbonate volume percentages v i s u a l l y  estimated. 

821 0-36 cm. B r i g h t  brown (7.5YR 516) t o  b r i g h t  reddish brown 
(5YR 516) dry ,  brown (7.5YR 416) t o  reddish brown (5YR 416) 
mois t ;  sandy loam+; weak t o  moderate coarse p r i smat ic ;  s o f t  t o  
s l i g h t l y  hard (d ry ) ,  s t i c k y  and p l a s t i c  (wet) ;  few t h i n  
a r g i  1 l a n  br idges; upper 5 cm of hor i zon  d is turbed;  none t o  
very  s l i g h t l y  ef fervescent;  2% pebbles by volume; abrupt wavy 
boundary. 

36-46 cm. 
(7.5YR 81  
orange ( 7  
p l a t y ;  s l  
many t h i n  

L i g h t  gray (7.5YR 811) t o  1 i g h t  y e l l o w  orange 
3) d ry ,  l i g h t  brownish gray (7.5YR 711) t o  d u l l  
.5YR 7/3) moist ;  sandy loam+; moderate very coarse 
i g h t l y  hard (dry) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  
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 i n g  pores; 

m a t r i x  v i o l e n t l y  e f fervescent ;  t h i c k  carbonate (20% by volume) 
1 i n i n g  a1 1 pores and j o i n t s ,  carbonate stage II+; 2% pebbles 
by volume; c l e a r  wavy boundary. 

B23ca 46-130 cm. B r i g h t  redd ish  brown (5YR 516) dry,  reddish brown 
(5YR 416) mois t ;  sandy loam+; moderate t o  s t r ong  coarse angu- 
l a r  blocky; hard (dry) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  
(wet) ;  many 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 i n g  
pores; m a t r i x  v i o l e n t l y  e f fervescent ;  carbonate (10% by vo l -  
ume) 1 i n i  ng d i  scon t i  nuous v e r t i c a l  t o  random imped d e n t r i  t i c  
t u b u l a r  very f i n e  pores, carbonate stage 11; 2% pebbles by 
volume; gradual i r r e g u l a r  boundary. 



130-224 cm. B r i g h t  redd ish  brown (5YR 516) d ry ,  redd ish brown 
(5YR 416) mois t ;  sandy loam+; s t r ong  coarse p r i sma t i c ;  hard 
(d ry ) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet ) ;  many 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  l i n i n g  pores, few t h i n  
a r g i  11 ans on ped faces; m a t r i x  s t r o n g l y  e f fe rvescen t ;  t h i c k  
carbonate (5% by volume) 1 i n i n g  pores and j o i n t s ,  carbonate 
s tage I; 2% pebbles by volume; c l e a r  wavy boundary. 

IB25b 224-249 cm. D u l l  orange (5YR 615) dry,  b r i g h t  redd ish  brown 
(5YR 516) mois t ;  g r a v e l l y  sandy loam; moderate f i n e  t o  medium 
angular  b locky;  s l i g h t l y  hard (d ry ) ,  s l i g h t l y  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet ) ;  many t h i n  a r g i l l a n  br idges,  few t h i n  
a r g i  1 lans  1 i n i n g  pores; m a t r i x  s t r o n g l y  e f fe rvescen t ,  ca r -  
bonate coa t ings  on c l a s t s  (8% by volume) v i o l e n t l y  e f f e r -  
vescent; carbonate stage I; 30% pebbles, 30% cobbles, and 5% 
boulders  by volume; c l e a r  wavy boundary. 

I I I B 2 6 t b  249-291 cm. B r i g h t  reddish brown (5YR 518) dry, redd ish brown 
5YR 418) mois t ;  sandy c l a y  loam; moderate t o  s t r ong  medium 
p r i sma t i c ;  hard (d ry ) ,  s t i c k y  and p l a s t i c  (wet) ;  cont inuous 
moderately t h i c k  a r g i l l a n  br idges,  many t h i n  a r g i  1 lans 1 i n i n g  
pores, comon t h i n  a r g i l l a n s  (5YR 518) on ped faces, few t h i c k  
a r g i  1 lans  on c l a s t s ;  m a t r i x  s l  i g h t l y  e f fervescent ,  carbonate 
l i n i n g  j o i n t s  (3% by volume) v i o l e n t l y  e f fe rvescen t ;  carbonate 
s tage I ;  10% pebbles by volume; c l e a r  i r r e g u l a r  boundary. 

IVB27tS 291-345+ cm. B r i g h t  redd ish  brown (5YR 518) dry ,  redd ish 
brown ( 5  YR 418) moist ;  g r a v e l l y  sandy c l a y  loam-; moderate t o  
s t r ong  medium angular  b locky;  hard (dry) ,  s l i g h t l y  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet ) ;  many 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 ans  1 i n i n g  pores, few t h i n  a r g i  1 lans  coa t i ng  c l as t s ;  
m a t r i x  very  s l i g h t l y  e f fe rvescen t ,  s t r o n g l y  e f fe rvescen t  on 
few (1% by volume) carbonate c l a s t  coat ings;  carbonate stage 
I; 30% pebbles, 20% cobbles, and 10% boulders  by volume; (2% 
g r u s i  f i e d  c l as t s .  



SOIL PROFILE DESCRIPTION 4 

C l a s s i f i c a t i o n :  Typic Eu t robo ra l f  

Locat ion:  Towanta F l a t  Trench No. 2, S t a t i o n  0+25 t o  0+30; Mountain 
Home Quad.; SW1/4, SE1/4, sec. 35, T. IN., R. 5 W. 

Physiographic p o s i t i o n  : Lowest a1 1 u v i a l  surface w i t h i n  graben on g l  a- 
c i o f l u v i a l  p l a i n ;  e l eva t i on  2224 m (7298 f t . ) .  

Topography: Smooth surface, 0' slope. 

Dra i  nage : We1 1 d r a i  ned. 

Vegetat ion: Sagebrush and sho r t  grasses. 

Parent mate r i  a1 : F i  ne-grai ned c o l  1 u v i  um - eol  i a n  mater i  a1 over 1 ake 
sediments over g l  a c i o f l  u v i  a1 sands and gravel  over 
g rave l l y -c layey  a l l uv i um der ived  from Duchesne R i vs r  irn. 

Age: Pre-Bul l  Lake? t o  Holocene. 

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

Sampled by: A. R. Nelson, June 11, 1980. 

A 0-19 cm. D u l l  brown (7.5YR 5/3) dry,  brown (7.5YR 4/3) mois t ;  
sandy c lay;  moderate very coarse p l a t y  t o  moderate very coarse 
angular  blocky; s l i g h t l y  hard (dry) ,  s l i g h t l y  s t i c k y  and very 
s l i g h t l y  p l a s t i c  (wet) ;  no ef fervesence; l e s s  than 1% c l a s t s ;  
c l e a r  wavy boundary. 

I IB21 19-41 cm. D u l l  brown (7.5YR 5/3) dry ,  brown (7.5YR 4/3) 
mois t ;  sandy clay;  moderate t o  s t rong  weak t o  moderate angular 
blocky; hard (dry) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  many 
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  l i n i n g  pores, 
common moderately t h i c k  a r g i l l a n s  on ped faces; no e f fe rves-  
cence; l e s s  than 1% c las t s ;  c l e a r  wavy boundary. 

IB22 41-65 cm. D u l l  y e l l o w  orange (10YR 714) dry,  d u l l  orange 
(10YR 6/4) moist ;  sandy clay;  s t r ong  coarse angular b locky 
break ing t o  s t r ong  f i n e  angular  b locky;  very hard (d ry ) ,  
s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  cont inuous t h i n  a r g i l l a n  
br idges,  many t h i n  a r g i  11 ans 1 i n i  ng pores, common moderately 
t h i c k  a r g i l l a n s  on ped faces; no effervesence; l e s s  than 1% 
c l a s t s ;  c l e a r  wavy boundary. 

65-83 cm. L i g h t  gray (2.5'1' 8 /2)  t o  pa le  y e l l o w  (2.5Y 8/3)  
dry,  l i g h t  y e l l o w  (2.5Y 7/3) moist ;  c lay ;  moderate t o  s t rong  
medium angular  blocky; very hard (d ry ) ,  very s l i g h t l y  s t i c k y  
and s l i g h t l y  p l a s t i c  (wet ); cont inuous t h i n  a r g i l  l a n  br idges, 
very few t h i n  a r g i l l a n s  1 i n i n g  pores; very  s l i g h t l y  t o  



s l i g h t l y  e f fe rvescen t ;  carbonate s tage I-, common t h i n  ca r -  
bonate br idges,  comnon t h i n  carbonate f i l m s  l i n i n g  pores; l e ss  
than  1% c l a s t s ;  c l e a r  wavy boundary. 

I I C  83-121 cm. Pale y e l l o w  (2.5Y 813) dry ,  l i g h t  y e l l o w  (2.5Y 
713) mois t ;  y e l l o w  orange (10YR 815) d ry ,  b r i g h t  y e l l o w i s h  
orange (10YR 715) mois t ;  few, f i n e ,  prominent mo t t l es ;  loamy 
sand-; weak f i n e  t o  medium angular  b locky;  hard (d ry ) ,  
nons t i cky  and nonp las t i c  (wet ) ;  cont inuous t h i n  c l a y  br idges;  
s t r o n g l y  e f fe rvescen t ;  carbonate stage I, comnon moderately 
t h i c k  carbonate f i l m s  l i n i n g  pores, common moderately t h i c k  
carbonate f i l m s  on ped faces, ve ry  t h i n  carbonate j o i n t  
f i l l i n g s ;  l e s s  than 2% pebbles, 5% cobbles by volume; abrupt  
wavy boundary. 

11103 121-144 cm. D u l l  orange (5YR 713) dry ,  d u l l  orange (5YR 614) 
mois t ;  g r a v e l l y  sand; massive t o  very weak moderate angular 
blocky;  1 oose t o  s o f t  (dry) ,  nons t i cky  and 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 ,  very few t h i n  a r g i l l a n  br idges;  
none t o  s l i g h t l y  e f fe rvescen t ;  carbonate stage I-; 10% t o  30% 
pebbles, 2% t o  15% cobbles by volume; 2% h i g h l y  weathered 
c l a s t s ;  abrupt  wavy boundary. 

I VC 144-246+ cm. L i g h t  gray (5Y 8 /2 )  w i t h  r a r e  i n c l u s i o n s  o l i v e  
y e l l o w  (7.5Y 613) t o  o l i v e  gray (10Y 612) d r y  (probably  
weathered fragments Duchesne R i ve r  Formation), 1 i ght ye1 low 
(5Y 7/3) w i t h  r a r e  i n c l u s i o n s  g ray i sh  o l i v e  (7.5Y 513) t o  
o l i v e  gray (10Y 512) mois t ;  sandy c lay ;  moderate coarse angu- 
l a r  b locky;  ha rd  (d ry ) ,  s t i c k y  and very  s l i g h t l y  p l a s t i c ;  con- 
t i nuous  t h i c k  c l a y  br idges;  ve ry  s l i g h t l y  t o  s t r o n g l y  
e f fe rvescen t ,  v i o l e n t l y  e f fervescent  on carbonate j o i n t  
f i l l i n g s ;  carbonate s tage I +  t o  11-, many t h i c k  carbonate pore 
f i l l i n g s ,  many t h i c k  carbonate f i l m s  on ped faces, 1-4 nm ca r -  
bonate j o i n t  f i l l i n g s ;  5% t o  10% pebbles, 1% t o  15% cobbles, 
l e s s  than 1% boulders  by volume; 30% h i g h l y  weathered c l as t s .  



SOIL PROFILE DESCRIPTION 5 

C l a s s i f i c a t i o n :  Typic Eu t robo ra l f  

Locat ion:  Altamount Quad.; NE1/4, SE1/4, set. 27, 1 S.9 R *  

Physiographic p o s i t i o n :  Edge o f  d issec ted  g l a c i o f l u v i a l  te r race ;  1970 m 
(6460 f t )  e leva t ion .  

Topography : Smooth surface, 0' s l  ope. 

Orai  nage: We1 1 drained. 

Vegetat ion: Dis turbed surface, grasses and sca t te red  jun iper .  

Parent ma te r i a l  : G l a c i o f l u v i a l  gravel .  

Age: Pre-Bul l  Lake. 

Remarks: Percentages a r e  v i s u a l l y  estimated. 

Sampled by: A. R. Nelson, June 8, 1980. 

A B 0-33 cm. D u l l  reddish brown (5YR 5/4) dry ,  redd ish  brown (5YR 
4/6)  moist ;  g r a v e l l y  cobbly sandy loam; weak very coarse p l a t y  
t o  weak moderate t o  s t rong  angular  blocky; s o f t  (dry) ,  very 
s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  comnon 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  on c l as t s ;  s t r ong l y  ef fervescent;  
many 1-4 mm carbonate nodules, carbonate stage I+; 30%, 
pebbles, 25% cobbles, and 5% boulders by volume; no h i g h l y  
weathered c l a s t s ;  c l e a r  broken boundary. 

33-121 cln. B r i g h t  brown (2.5YR 5/6) dry,  b r i g h t  brown (2.5YR 
5/6 )  mois t ;  g r a v e l l y  cobbly sandy c l a y  loam; moderate f i n e  
angular  blocky; hard (d ry ) ,  s l  i g h t l y  s t i c k y  and s l  i g h t l y  
p l a s t i c  (wet) ;  cont inuous moderately t h i c k  a r g i  l l a n  br idges, 
many moderately t h i c k  a r g i  l l a n s  1 i n i n g  pores, many moderately 
t h i c k  t o  t h i c k  a r g i l l a n s  on c l a s t s  and ped faces; s t r ong l y  
e f fervescent ;  1 mm carbonate seams, carbonate stage I+;  30% 
pebbles, 25% cobbles, and 5% boulders  by volume; no h i g h l y  
weathered c l as t s ;  very  abrupt i r r e g u l a r  boundary. 

K 2b 121-181 cm. L i g h t  gray (8 /0)  t o  l i g h t  y e l l o w  orange (10YR 
8 /3 )  dry ,  1 i g h t  gray (8 /0)  t o  1 i g h t  ye1 low orange (10YR 8/3) 
moist ;  very  s t r ong  very coarse p l a t y ;  extremely hard (d ry ) ;  
v i o l e n t l y  e f fervescent ;  1 t o  10 mm r i n d s  on c l as t s ,  carbonate 
stage V-; 20% pebbles, 30% cobbles, and 5% boulders by volume; 
30% h i g h l y  weathered c l as t s ;  c l e a r  wavy boundary. 

I IC l cab  181-251 cm. Pale orange (5YR 8/3)  dry,  d u l l  orange (5YR 7/3) 
mois t ;  g r a v e l l y  cobbly sand+; weak medium t o  coarse angular 
blocky; 1 oose (d ry ) ,  nons t i  cky and nonpl a s t i c  (wet ); v i o l e n t l y  



ef fe rvescen t ;  common moderately t h i c k  carbonates l i n i n g  pores, 
cont inuous t h i n  carbonate br idges,  common t h i c k  carbonates on 
c l a s t s ,  carbonate stage I I + ;  50% pebbles, 30% cobbles, and 10% 
boulders  by volume; 5% h i g h l y  weathered c l a s t s ;  gradual i r r e g -  
u l a r  boundary. 

I IC2b 251-450 cm. Pale y e l l o w  (5Y 813) dry ,  l i g h t  y e l l o w  (5Y 713) 
mois t ;  g r a v e l l y  cobbly  loamy sand-; very  weak f i n e  t o  medium 
angular  b locky;  s o f t  ( d r y ) ;  ve ry  s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet ) ;  common t h i n  a r g i l  l a n  br idges;  s t r ong l y  
e f fe rvescen t ;  many t h i n  carbonate br idges,  common t h i n  ca r -  
bonates l i n i n g  pores, many t h i c k  carbonates on c l a s t s ,  ca r -  
bonate stage I; 50% pebbles, 30% cobbles, and 10% boulders by 
volume; no h i g h l y  weathered c l a s t s ;  very  abrupt  broken 
boundary. 

I I I C 3 b  450-530 cm. Orange (7.5YR 716) t o  ye1 low orange (7.5YR 718) 
d ry ,  orange (7.5YR 616) t o  b r i g h t  brown (7.5YR 516) mois t ;  
g r a v e l l y  cobbly  sand; massive t o  very weak very coarse angular 
b locky;  l oose  (d ry ) ,  nons t i cky  and nonp las t i c  (wet ) ;  few t h i n  
a r g i l  l a n  br idges,  few moderately t h i c k  a r g i  l l a n s  on c l a s t s ;  
mat r i  x no t  e f f e r vescen t  b u t  s l  i g h t l  y e f fervescent  near t h i  n 
carbonate coa t ings  on c l a s t s ;  carbonate stage I-; 40%, 
pebbles, 35% cobbles, and 2% boulders  by volume; no h i g h l y  
weathered c l a s t s ;  abrupt  broken boundary. 

I I I C 4 b  530-730+. Orange (5YR 616) dry ,  b r i g h t  reddish brown (5YR 
516) mois t ;  g r a v e l l y  cobbly sand; massive t o  very  weak very 
coarse angular  b locky;  1 oose (d r y ) ,  nons t i cky  and nonpl a s t i c  
(wet ) ;  common t h i n  a r g i  1 l a n  br idges,  common moderately t h i c k  
a r g i l l a n s  on c l as t s ;  no t  e f fe rvescen t  t o  s l i g h t l y  ef fervescent 
near  t h i n  carbonate coa t ings  on c l a s t s ;  carbonate stage I-; 
40% pebbles, 35% cobbles, and 2% boulders  by volume; no h i g h l y  
weathered c l a s t s ;  d i f f u s e  broken boundary. 



SOIL PROFILE DESCRIPTION 6 

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

Locat i o n  : A1 tonah Quad. ; NE114, SW114, sec. 32, T. 1 N., R. 4 W .  

Physiographic p o s i t i o n :  Edge of f l u v i a l  te r race ;  2098 m (6880 f t )  
e leva t ion .  

Topography: Smooth surface, 0' slope. 

Drainage: Well drained. 

Vegetat ion: Sagebrush and grass. 

Parent mate r i  a1 : F l  u v i  a1 gravel  . 
Age: Holocene? 

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

Sampled by: A. R. Nelson, J u l y  28, 1980. 

A 1 0-17 cm. Brown (7.5YR 413) dry ,  brownish b lack (7.5YR 3/2) 
moist ;  g r a v e l l y  cobbly sandy loam-; weak coarse p l a t y ;  s o f t  
(d ry ) ,  nons t i cky  and nonp las t i c  (wet) ;  no effervescence; 40% 
pebbles, 40% cobbles, and 1% boulders  by volume; no h i g h l y  
weathered c l  as ts ;  c l e a r  wavy boundary. 

A 2 17-44 cm. D u l l  reddish brown (5YR 5/3) dry,  dark reddish 
brown (5YR 3/2.5) moist ;  g r a v e l l y  loamy sand; very  weak medium 
angular  blocky; s o f t  (dry) ,  nons t i cky  and nonp las t i  c (wet ) ; no 
effervescence; 45% pebbles, 10% cobbles, and 1% boulders by 
volume; no h i g h l y  weathered c l a s t s ;  c l e a r  wavy boundary. 

AC 44-70 cm. B r i g h t  reddish brown (5YR 5/5)  dry,  d u l l  reddish 
brown (5YR 4/4) moist ;  g r a v e l l y  cobbly sand; s i n g l e  gra in ;  
1 oose (dry) ,  nonst icky and nonpl a s t i c  (wet)  ; no effervescence; 
50% pebbles, 40% cobbles, and 1% boulders by volume; no h i g h l y  
weathered c l as t s ;  c l e a r  wavy boundary. 

70-130 cm. B r i g h t  reddish brown (5YR 5/5) dry ,  reddish brown 
(5YR 4/6) moist ;  g r a v e l l y  cobbly sand; s i n g l e  gra in ;  loose 
(dry) ,  nons t i cky  and nonp las t i c  (wet); no effervescence; 50% 
pebbles, 40% cobbles, and 1% boulders  by volume; no h i g h l y  
weathered c l  asts.  



SOIL PROFILE DESCRIPTION 7 

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

Locat ion: Mountain Home Quad.; NWlJ4, SW1/4, sec. 35, T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  G l a c i o f l u v i a l  p l a i n ;  2271 m (7445 f t )  e leva t ion .  

Topography: Smooth surface, O 0  slope. 

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush and grasses. 

Parent ma te r i a l  : G l  a c i  o f 1  uv i  a1 gravel  s. 

Age: Pre-Bul l  Lake. 

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

Sampled by: A. R. Nelson, June 6, 1980. 

A 1 0-17 cn. D u l l  brown (7.5YR 5/3.5) dry ,  dark reddish brown 
(5YR 3/3.5) mois t ;  g r a v e l l y  sandy loam; weak very coarse p l a -  
t y ;  s o f t  (d ry ) ,  very s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  no 
ef fervescence; 25% pebbles, 20% cobbles, 5% boulders by volume 
5% h i g h l y  weathered c l as t s ;  abrupt wavy boundary. 

B21t 17-31 cm. Reddish brown (5YR 4/8)  dry ,  reddish brown (5YR 
4 / 6 )  moist ;  dark reddish brown (5YR 3/6)  dry ,  reddish brown 
(5YR 416) mo is t  s t a i n  on ped surfaces; g r a v e l l y  sandy c l ay  
loam; moderate very coarse p l a t y  t o  moderate medium angular 
blocky; hard (d ry ) ,  s t i c k y  and p l a s t i c  (wet), many t h i n  t o  
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  lans 
l i n i n g  pores, few moderately t h i c k  a r g i l l a n s  l i n i n g  pores and 
ped faces, few moderately t h i c k  a r g i l l a n s  on c l as t s ;  no e f f e r -  
vescence; very  r a r e  carbonate spots on bottom o f  c l as t s ;  25% 
pebbles, 20% cobbles, 5% boulders by volume; (5% h i g h l y  
weathered c l  as ts ;  c l e a r  wavy boundary. 

B22t 31-66 cm. Reddish brown (5YR 418) dry ,  redd ish  brown (5YR 
4/8)  moist ;  r a r e  zones of orange (5YR 618) dry,  b r i g h t  reddish 
brown (5YR 518) moist ;  g r a v e l l y  sandy c l ay  loam; moderate t o  
s t r ong  f i n e  t o  medium angular  blocky; very  hard (dry) ,  s t i c k y  
and s l i g h t l y  p l a s t i c  (wet ); cont inuous t h i n  t o  moderately 
t h i c k  a r g i l l a n  br idges,  many t h i n  a r g i l l a n s  l i n i n g  pores, few 
moderately t h i c k  a r g i l l a n s  l i n i n g  pores, many moderately t h i c k  
a r g i l l a n s  on c l as t s ,  few moderately t h i c k  a r g i l l a n s  on ped 
faces; no effervescence; 25% pebbles, 20% cobbles, 5% boulders 
by volume; (5% h i g h l y  weathered c l a s t s ;  very abrupt i r r e g u l a r  
boundary. 



K2b 66-117 cm. White (810) dry ,  l i g h t  y e l l o w  orange (10YR 813) 
mois t ;  some zones o f  l i g h t  y e l l o w  orange (7.5YR 8/3)  d r y  i n  
lower  h a l f ;  cobbly  sandy loam; s t r ong  very coarse p l a t y  t o  
moderate medium angular  b locky;  very  hard t o  ext remely  hard 
( d r y ) ,  nons t i cky  and nonpl a s t i c  (we t )  ; v i o l e n t l y  e f fervescent ;  
carbonate forms 1-8 mm r i n d s  on c l a s t s ,  carbonate g rea te r  than 
90% o f  ma t r i x ,  d iscont inuous laminar  zone i n  upper 10 cm has 
p l a t y  s t r u c t u r e  and minor mami l la ry  s t r uc tu re ,  carbonate 
stage III+ t o  I V ;  15% pebbles, 40% cobbles, 10% boulders by 
volume; 70% h i g h l y  weathered c l a s t s ;  gradual  i r r e g u l a r  
boundary. 

Ccab 117-166+ cm. Orange (7.5YR 715) dry ,  orange (7.5YR 6 /7 )  
mois t ;  some areas orange (5YR 617) moist ;  cobbly  loamy sand+; 
massive; l oose  (d ry ) ,  nons t i  cky and nonpl a s t i c  (wet ) ;  few t h i n  
a r g i l  l a n  br idges,  very  few t h i n  a r g i l  l ans  1  i n i n g  pores; m a t r i x  
s l i g h t l y  e f fe rvescen t ,  s t r o n g l y  t o  v i o l e n t l y  e f fe rvescen t  near 
c l as t s ;  m a t r i x  20% carbonate by volume (est imated) ,  common 
t h i n  carbonate l i n i n g  pores, t h i c k  carbonate on c l a s t s ,  car -  
bonate stage 11; 15% pebbles, 40% cobbles, 101 boulders by 
volume; 20% h i g h l y  weathered c l  as ts .  



SOIL PROFILE DESCRIPTION 8 

C l a s s i f i c a t i o n :  Typic Eu t robo ra l f  

Locat ion:  Mountain Home Quad.; NW1/4, NE114, sec. 35, T. 1 N., R. 5 W. 

Physiographic ~ o s i  t i o n :  Wide (1.5 km) channel i n  g l a c i o f l u v i a l  p l a i n ;  
2252 m (7385 f t )  e leva t ion .  

Topography: Smooth surface, O 0  slope. 

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush and shor t  grasses. 

Parent mate r i  a1 : G l  a c i o f l u v i a l  gravels.  

Age: Pre-Bul l  Lake. 

Remarks : Percentages a re  v i  sual l y  estimated. 

Sampled by: A. R. Nelson, June 6, 1980. 

A 0-16 cm. D u l l  orange (7.5YR 614) dry,  brown (7.5YR 414) 
mois t ;  cobbly g r a v e l l y  sandy loam; weak very coarse p l a t y ;  
s o f t  (dry) ,  very s l i g h t l y  s t i c k y  and nonp las t i c  (wet); no 
ef fervescence; 25% pebbles, 30% cobbles, 5% boulders by vo l -  
ume; ~ 2 %  h i g h l y  weathered c l as t s ;  c l e a r  wavy boundary. 

B21t 16-31 cm. Reddish brown (5YR 416) dry ,  reddish brown (5YR 
416) moist ;  cobbly g r a v e l l y  sandy c lay ;  weak t o  moderate f i n e  
t o  medium angular  blocky; s l i g h t l y  hard (d ry ) ,  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet) ;  cont inuous t h i n  a r g i  1 l a n  br idges, corn- 
mon moderately t h i c k  a r g i  11 an br idges,  many moderately t h i c k  
a r g i l  l ans  1 i n i n g  pores, many moderately t h i c k  a r g i l l  ans on 
c l a s t s  and ped faces; no effervescence; 25% pebbles, 30% 
cobbles, 5% boulders by volume; <2% h i g h l y  weathered c l a s t s ;  
c l e a r  wavy boundary. 

31-58 cm. B r i g h t  brown (2.5YR 516) dry ,  reddish brown (5YR 
419) moist ;  cobbly  g r a v e l l y  sandy c lay ;  moderate t o  s t rong  
medium t o  coarse angular  blocky; very hard (d ry ) ,  s t i c k y  and 
p l a s t i c  (we t )  cont inuous moderately t h i c k  a r g i  1 l a n  br idges, 
cont inuous moderately t h i c k  a r g i l l a n s  l i n i n g  pores, many t h i c k  
a r g i l l a n s  on c l a s t s  and ped faces; a r g i l l a n  coat ings on c l a s t s  
dark reddish brown (5YR 314) dry ,  d u l l  reddish brown (5YR 413) 
wet; no effervescence; 25% pebbles, 30% cobbles, 5% boulders 
by volume, 5% h i g h l y  weathered c l a s t s ;  very abrupt wavy 
boundary. 

K2 58-95 cm. White (810) dry ,  1 i g h t  y e l l o w  orange (10YR 813) 
mois t ;  g r a v e l l y  sandy loam; very  weak f i n e  angular blocky; 



Cca 

s o f t  (dry) ,  nons t i cky  and nonp las t i c  (wet) ;  v i o l e n t l y  e f f e r -  
vescent; carbonate stage I I I + ,  g rea te r  than 90% carbonate i n  
matr ix ,  very t h i c k  (1-6 mm) powdery r i nds ;  25% pebbles, 20% 
cobbles, 5% boulders  by volume; 70% h i g h l y  weathered c l a s t s ;  
c l e a r  i r regu l  a r  boundary. 

95-192+cm. White (810 t o  813) dry ,  b r i g h t  reddish brown (5YR 
518) moist ;  cobbly g r a v e l l y  sandy c lay- ;  weak medium t o  coarse 
angular  blocky; s l i g h t l y  hard (dry) ,  s l i g h t l y  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet) ;  many 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 i n g  pores; m a t r i x  s l i g h t l y  e f fervescent ,  ca r -  
bonate v i o l e n t l y  e f fe rvescen t ;  30% t o  40% o f  m a t r i x  carbonate, 
carbonate stage 11, carbonate pa le  orange (5YR 8/4)  moist ,  
many t h i c k  carbonate f i lms  on c l as t s ,  ped faces, and l i n i n g  
pores; 25% pebbles, 30% cobbles, 5% boulders by volume; 30% 
h i g h l y  weathered c l  asts. 



SOIL PROFILE DESCRIPTION 9 

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

Locat ion:  Towanta F l a t  Trench No. 3, S t a t i o n  0+35; Mountain Home Quad.; 
SW1/4; SE114, sec. 35, T. 1 N., R. 5  W. 

Physiographic pos i t i on :  Lowest a l l u v i a l  surface adjacent t o  southern 
scarp o f  graben on g l a c i o f l u v i a l  p l a i n :  e leva-  
t i o n  2230 m (7310 f t ) .  

Topography: Smooth surface, s l op ing  lo N. 

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush and shor t  grasses. 

Parent mater i  a1 : F i  ne-grai ned c o l  luvium - e o l i a n  mater i  a1 over g l  a- 
c i o f l u v i a l  sands and gravel  over g rave l l y -c layey  a l l u -  
vium der ived from Duchesne R iver  Fm. 

Age: Pre-Bul l  Lake? t o  Holocene. 

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

Sampled by: A. R. Nelson, J u l y  27, 1980. 

A 0-18 cm. D u l l  brown (7.5YR 6/3)  dry,  brown (7.5YR 413) mois t ;  
loam; moderate t o  s t rong  medium angular  b locky;  hard t o  
s l i g h t l y  hard (dry) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  
(wet) ;  no effervescence; c l e a r  wavy boundary. 

I I R2b 18-34 cm. D u l l  orange (5YR 6/4)  dry,  d u l l  reddish brown (5YR 
514) moist ;  c l a y  loam-; moderate t o  s t rong  medium angular 
blocky; hard (d ry ) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  con- 
t i nuous  c o l l o i d a l  s t a i n s  on minera l  grains,  common t h i n  
a r g i l l a n s  l i n i n g  pores, common t h i n  a r g i l l a n s  on ped faces; no 
effervescence; c l e a r  wavy boundary. 

I IB3b 34-54 cm. D u l l  y e l l o w  orange (10YR 6/4)  t o  d u l l  orange (7.5YR 
6 /4 )  dry,  d u l l  brown (7.5YR 5/4) mois t ;  sandy loam; weak 
medium angular  b locky t o  p l a t y ;  hard (dry) ,  very s l i g h t l y  
s t i c k y  and nonp las t i c  (wet) ;  many t h i n  c o l l o i d a l  s t a i n s  on 
minera l  gra ins,  few t h i n  a r g i l l a n s  l i n i n g  pores, few t h i n  
a r g i l l a n s  on ped faces; s l i g h t l y  effervescent, c l a s t s  s t r ong l y  
e f fervescent ;  1% pebbles and 1% cobbles by volume; c l e a r  
i r regu l  a r  boundary. 

I IClb  54-66 cm. D u l l  orange (7.5YR 714) dry;  d u l l  brown (7.5YR 514) 
mois t ;  cobbly g r a v e l l y  sandy loam; massive; hard (d ry ) ,  very 
s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  few t h i n  a r g i l  lans on 



c las t s ;  v i o l e n t l y  ef fervescent;  carbonate stage I- t o  1; 25% 
pebbles and 35% cobbles by volume; 10% h i g h l y  weathered 
c l a s t s ;  abrupt wavy boundary. 

I I IC2oxb 66-98 cm. D u l l  orange (7.5YR 714) t o  l i g h t  y e l l o w  orange 
(7.5YR 814) d ry ,  orange (7.5YR 616) moist ;  common medium prom- 
i n e n t  mot t les ,  orange (7.5YR 618) dry ,  orange (7.5YR 618) 
mois t ;  weakly s t r a t i f i e d  cobbly loamy sand; weak medium t o  
coarse angular  blocky; s l i g h t l y  hard t o  hard (d ry ) ,  nonst icky 
and nonp las t i c  (wet) ;  few c o l l o i d a l  s t a i n s  on minera l  gra ins,  
many t h i n  a r g i l l a n s  on ped faces; s t r ong l y  ef fervescent,  
v i o l e n t l y  e f fe rvescen t  on c l a s t s ;  carbonate stage I+; 15% 
pebbles, 25% cobbles, and 1% boulders  by volume; 10% h i g h l y  
weathered c l a s t s ;  c l e a r  i r r e g u l a r  boundary. 

IVC3b 98-130 cm. D u l l  orange (5YR 714) dry,  d u l l  orange (7.5YR 614) 
mois t ;  weakly s t r a t i f i e d  g r a v e l l y  cobbly sand; massive t o  weak 
medium angular  b l  ocky; 1 oose t o  s o f t  (dry) ,  nons t i cky  and 
nonp las t i c  (wet) ;  very few c o l l o i d a l  s t a i n s  on minera l  
gra ins;  many t h i n  a r g i l l a n s  on ped faces, few moderately t h i c k  
a r g i l l a n s  on ped faces; none t o  s l i g h t l y  ef fervescent,  
v i o l e n t l y  e f fe rvescen t  on c l as t s ;  carbonate stage I+,  many 
t h i n  carbonate f i l m s  on ped faces, few t h i n  carbonate f i l m s  
l i n i n g  pores; 20% pebbles, 30% cobbles, and 1% boulders by 
volume; 10% h i g h l y  weathered c l  asts ;  abrupt i r regu l  a r  
boundary. 

VC4b 130-172 cm. L i g h t  ye l l ow  (2.5Y 713) t o  pa le  ye l l ow  (2.5Y 813) 
dry ,  l i g h t  y e l l o w  (2.5Y 713) t o  l i g h t  y e l l o w  (2.5Y 714) mois t ;  
many medium prominent mot t les ,  y e l l o w  orange (10YR 718) dry ,  
orange (10YR 616 and l O Y R  618) mois t ;  c l a y  loam; moderate t o  
s t r ong  very coarse angular blocky; very hard (d ry ) ,  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet) ;  cont inuous t h i c k  a r g i l l a n  br idges; 
s l i g h t l y  t o  s t r o n g l y  e f fervescent ,  v i o l e n t l y  e f fe rvescen t  on 
c l a s t s ;  carbonate stage 11-, many moderately t h i c k ,  carbonate 
f i l m s  l i n i n g  pores, continuous, t h i c k ,  carbonate f i l m s  on ped 
faces; 5% pebbles and 5% cobbles; 40% h i g h l y  weathered c l as t s .  



SOIL PROFILE DESCRIPTION 10 

C lass i  f i c a t i o n :  Typic Eut robora l  f 

Locat ion:  Mountain Home Quad.; NE114, SW114, sec, 26; T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  G l  a c i o f l  u v i a l  channel adjacent t o  subdued 
moraine; 2266 m (7430 f t )  e leva t ion .  

Topography: Smooth s l  i g h t l y  channeled surface, O0 slope. 

Drainage: We1 1 drained. 

Vegetation: Sagebrush and grass. 

Parent ma te r i a l  : G l  a c i o f l u v i a l  gravels.  

Age: Pre-Bul l  Lake. 

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

Sampled by: A. R. Nelson, June 6, 1980. 

A 1 0-15 cm. D u l l  reddish brown (5YR 413.5) dry,. dark reddish 
brown (5YR 313.5) moist ;  g r a v e l l y  cobbly sandy loam; weak t o  
moderate, very coarse p l a t y ;  s o f t  (dry) ,  very s l i g h t l y  s t i c k y  
and nonp las t i c  (wet) ;  common t h i n  a r g i l l a n  br idges; s t r ong l y  
t o  v i o l e n t l y  e f fervescent ;  carbonates i n  1-4 mm nodules, ca r -  
bonate stage I-; 30% pebbles, 30% cobbles, 10% boulders by 
volume; 2-5% h i g h l y  weathered c l as t s ;  c l e a r  wavy boundary. 

15-32 cm. B r i g h t  reddish brown (5YR 515) dry,  reddish brown 
(5YR 415) moist ;  g r a v e l l y  cobbly sandy c l a y  loam; weak medium 
angular b locky;  s l i g h t l y  hard (d ry ) ,  s l i g h t l y  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet) ;  many 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  l i n i n g  pores, many t h i n  a r g i l l a n s  on c l a s t s ;  
s t r o n g l y  t o  v i o l e n t l y  effervescent; carbonates i n  1-4 mm nod- 
u l e s  and t h i c k  coat ings on bottom o f  c l a s t s ,  carbonate stage I-; 
30% pebbles, 30% cobbles, 10% boulders by volume, 5% h i g h l y  
weathered c l  asts;  c l e a r  wavy boundary. 

32-65 cm. B r i g h t  reddish brown (5YR 517) dry,  reddish brown 
(5YR 417) moist ;  cobbly g r a v e l l y  sandy c lay- ;  moderate f i n e  t o  
medium angular  blocky; hard (d ry ) ,  s t i c k y  and p l a s t i c  (wet) ;  
cont inuous moderately t h i c k  a r g i l l a n  br idges,  comnon moder- 
a t e l y  a r g i  11 ans 1 i n i  ng pores, continuous t h i n  a r g i  11 ans 1 i n i  ng 
pores, many moderately t h i c k  a r g i l l a n s  on c l a s t s  and pore 
faces; s t r o n g l y  e f fervescent ,  v i  01 e n t l y  e f fe rvescen t  on car -  
bonate seams; discont inuous t h i n  carbonate coat ings on c l a s t s ,  
carbonate stage I; 20% pebbles, 40% cobbles, 10% boulders by 
volume; 20% h i g h l y  weathered c l a s t s ;  c l e a r  i r r e g u l a r  boundary. 



B22t 65-119 ca. Reddish brown (2.5YR 416) dry ,  redd ish  brown 
(2.5YR 416) mois t ;  cobbly  g r a v e l l y  sandy c lay;  moderate t o  
s t r ong  medium angular  b locky  b reak ing  t o  moderate t o  s t rong  
f i n e  angular  b locky;  very  hard (d ry ) ,  s t i c k y  and p l a s t i c  
(wet ) ;  cont inuous t h i c k  a r g i l l a n  br idges,  cont inuous t h i c k  
a r g i l l a n s  l i n i n g  pores, cont inuous t h i c k  a r g i l l a n s  on ped 
faces; patchy i n t e r c l a s t  areas i n  lower 20 cm o f  hor i zon  have 
cont inuous 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  l i n i n g  
pores, many moderately t h i c k  a r g i l l a n s  on c l a s t s ;  s t r o n g l y  
e f fe rvescen t ,  v i o l e n t l y  ef fervescent on seams; carbonate as 
ve ins and t h i n  coat ings on c l a s t s ,  carbonate seams l i g h t  gray 
(810) dry ,  1 i ght  ye1 1 ow orange (7.5 814) mois t ,  i n  1 ower 20 cm 
carbonates on ped faces, carbonate stage 11; 20% pebbles, 40% 
cobbles, 10% boulders  by volume; 20% h i g h l y  weathered c l a s t s ;  
abrupt  broken boundary. 

K 119-155+ cm. B r i g h t  redd ish  brown (5YR 517) dry ,  redd ish 
brown (5YR 417) mois t ;  cobbly  g r a v e l l y  sandy loam; p l a t y ;  s o f t  
( d r y ) ,  very  f r i a b l e  (mois t ) ,  very  s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet ) ;  many t h i n  a r g i l  l a n  br idges,  few moderately 
t h i c k  a r g i l l a n  br idges;  v i o l e n t l y  ef fervescent;  carbonates 
compose 70% of  ma t r i x ,  t h i c k  carbonates on ped faces and 
i n s i  de pores, carbonates 1 i ght gray (810) dry ,  1 i ght  ye1 1 ow 
orange (7.5 YR 814) mois t ,  carbonate stage I I I - ;  20% pebbles, 
40% cobbles, 10% boulders  by volume; 60% h i g h l y  weathered 
c l  as t s  . 



SOIL PROFILE DESCRIPTION 11 

C l a s s i f i c a t i o n :  Typic Arg i  h o r o l l  

Locat ion: Mountain Home Quad.; NE1/4, N ~ 1 / 4 ,  sec. 26, T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  Low, broad moraine c res t ;  2305 m (7558 f t )  
e l  evat i on. 

Topography: Smooth surface, s l op ing  lo S. 

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush and some grass. 

Parent ma te r i a l  : Eo l ian?  - c o l l u v i a l  mant le over till. 

Age: Pre-Bul l  Lake. 

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

Sampled by: A. R. Nelson, June 6, 1980. 

A 1 0-23 cm. D u l l  reddish brown (5YR 513.5) dry,  dark reddish 
brown (5YR 313.5) moist ;  g r a v e l l y  sandy loam; weak very coarse 
p l a t y  break ing t o  very weak medium angular  b locky;  s o f t  (dry) ,  
very s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  weakly e f f e r -  
vescent; carbonates i n  few 1-4 mm nodules, carbonate stage I-; 
15-20% pebbles, 5% cobbles by volume; no h i g h l y  weathered 
c l a s t s ;  c l e a r  smooth boundary. 

23-64 cm. D u l l  brown (7.5YR 514) dry ,  brown (7.5YR 4/4)  
moist ;  sandy loam+; very  weak medium t o  coarse angular blocky; 
s o f t  (dry) ,  s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  many t h i n  
a r g i l l a n  br idges,  very few t h i n  a r g i l l a n s  l i n i n g  pores, very 
few t h i n  a r g i  11 ans on c l as t s ;  m a t r i x  s t r o n g l y  e f fervescent ;  
carbonates as 1 cm nodules and t h i n  coat ings on bottom o f  
c l  asts, carbonate stage 1; 15-20% pebbles, 5% cobbles by v o l -  
ume; (1% h i g h l y  weathered c l a s t s ;  abrupt i r r e g u l a r  boundary. 

I IB2 l cab  64-85 cm. Orange (5YR 616) dry ,  b r i g h t  reddish brown (5YR 
518) mois t ;  cobbly sandy c l ay  loam; very weak medium angular 
b locky  t o  weak t o  moderate coarse p l a t y ;  s l i g h t l y  hard t o  hard 
(d ry ) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet), cont inuous t h i n  
a r g i  11 an br idges,  common t h i n ,  a r g i  11 ans 1 i n i  ng pores, comnon 
t h i n  a r g i l l a n s  on c l as t s ;  v i o l e n t l y  effervescent; ma t r i x  
20-50% carbonate, carbonate i n  1-3 mm r i n d s  around c l a s t s ,  
carbonates 1 i ght gray (810) dry ,  pa le  orange (5YR 8/4) moist ,  
carbonate stage 1I+;  15% pebbles, 20% cobbles, 5% boulders by 
volume, 20% h i g h l y  weathered c l  asts;  c l e a r  i r r e g u l a r  boundary. 

11622th 85-148 cm. Orange (5YR 616) dry ,  b r i g h t  redd ish  brown (5YR 



518) moist ;  cobbly sandy loam+; very weak coarse angular 
b locky t o  massive; s l i g h t l y  hard (dry) ,  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  br idges,  comon 
t h i n  a r g i l l a n s  l i n i n g  pores, common t h i n  a r g i l l a n s  on c l as t s ;  
m a t r i x  none t o  weakly e f fe rvescen t ,  carbonate t h i n  seams and 
coat ings on c l a s t s  v i o l e n t l y  e f fe rvescen t ;  carbonates l i g h t  
gray (810) dry ,  pa le  orange (5YR 814) mois t ,  carbonate stage 
11-; 15% pebbles, 20% cobbles, 5% boulders by volume; 10% 
h i g h l y  weathered c l  asts;  gradual wavy boundary. 

I IR23 tb  148-173 cm. Orange (5YR 616) dry ,  redd ish  brown (5YR 418) t o  
b r i g h t  reddish brown (5YR 518) mois t ;  sandy loam; massive; 
s l i g h t l y  hard (d ry ) ,  very s l i g h t l y  s t i c k y  and nonp las t i c ;  many 
t h i n  a r g i  1 l a n  br idges, few t h i n  a r g i  1 lans 1 i n i n g  pores; m a t r i x  
no t  e f fe rvescen t ,  carbonates on c l a s t s  v i o l e n t l y  ef fervescent;  
carbonates i n  discont inuous c o a t i  ngs on c l  as ts  , carbonate 
stage I; 15% pebbles, 10% cobbles, 5% boulders by volume; 10% 
h i  gh ly  weathered c l  as ts  ; abrupt  wavy boundary. 

I I IR24b 173-184+ cm. B r i g h t  brown (2.5YR 516) moist ;  sandy c l ay  loam-; 
weak t o  moderate coarse p l a t y ;  s l i g h t l y  hard (d ry ) ,  s t i c k y  and 
nonp las t i c  (wet) ;  continuous 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  l i n i n g  pores, few t h i n  
a r g i  11 ans on c l a s t s ;  m a t r i x  no t  e f fervescent ,  carbonates i n  
1-5 mm seams, v i o l e n t l y  e f fervescent ;  carbonate stage 11-; 15% 
pebbles, 10% cobbles, 5% boulders by volume; 10% h i g h l y  . 

weathered c l  asts.  



SOIL PROFILE DESCRIPTION 12 

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

Locat ion:  Mountain Home Quad.; SE1/4, SE114; sec. 29, T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  D i s t a l  edge of c o l l u v i a l - a l l u v i a l  fan; 2290 m 
(7510 f t )  e leva t ion .  

Topography: Smooth s l i g h t l y  channeled surface, 0-1' slope. 

Drainage: We1 1-drained. 

Vegetat ion: Sagebrush and grass. 

Parent mater i  a1 : Grave l l y  co l  1 u v i  um and a1 1 uv i  um. 

Age: B u l l  Lake? 

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

Sampled by: A. R. Nelson, June 7, 1980. 

A 0-13 cm. D u l l  brown (7.5YR 613) dry,  dark brown (7.5YR 313) 
mois t ;  1 oamy sand; weak coarse p l a t y ;  s o f t  (dry) ,  nonst icky 
and nonp las t i c  (wet) ;  no ef fervescence; 10% pebbles, l e s s  than 
1% cobbles by volume; no h i g h l y  weathered c l as t s ;  abrupt wavy 
boundary. 

13-28 cm. D u l l  rgddish brown (5YR 514) dry,  d u l l  reddish 
brown (SYR 414) moist ;  sandy loam-; very weak mediun angular 
blocky; s l i g h t l y  hard (dry) ,  s l i g h t l y  s t i c k y  and very s l i g h t l y  
p l a s t i c  (wet) ;  many 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  
1 i n i  ng pores, few t h i n  a r g i l  l ans  on c l a s t s  and ped faces; no 
ef fervescence; 10% pebbles, l e s s  than 1% cobbles by volume; no 
h i g h l y  weathered c l  asts;  c l e a r  wavy boundary. 

28-55 cm. B r i g h t  reddish brown (5YR 516) dry ,  reddish brown 
(5YR 416) mois t ;  sandy loam; very  weak medium t o  coarse angu- 
l a r  blocky; s l i g h t l y  hard (d ry ) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  
p l a s t i c  (wet) ;  cont inuous t h i n  t o  moderately t h i c k  a r g i l l a n  
br idges,  many t h i n  a r g i  11 ans 1 i n i  ng pores, many moderately 
t h i c k  a r g i l l a n s  on c l a s t s  and ped faces, cont inuous t h i n  
a r g i l l a n s  on c l a s t s  and ped faces; no effervescence; very t h i n  
carbonate coat ings on bottom o f  c l as t s ,  carbonate stage I-; 
10% pebbles, 2% cobbles by volume; no h i g h l y  weathered c l as t s ;  
gradual i r r e g u l a r  boundary. 

I IB22 tb  55-87 cm. B r i g h t  brown (2.5YR 516 t o  2.5YR 517) dry,  b r i g h t  
brown (2.5YR 516) mois t ,  d u l l  reddish brown c l a s t  coat ings 
(2.5YR 413) d r y  and mois t ;  g r a v e l l y  sandy c lay;  moderate t o  
s t r ong  f i n e  angular blocky; very  hard (d ry ) ,  s t i c k y  and 



p l a s t i c  (wet) ;  cont inuous t h i c k  a r g i l l a n  br idges,  many moder- 
a t e l y  t h i c k  a r g i l l a n s  l i n i n g  pores, cont inuous t h i c k  a r g i l l a n s  
on c l as t s ,  many t h i c k  a r g i l l a n s  on ped faces; no ef ferves- 
cence; t h i n  carbonate coat ings on 2/3 o f  c l as t s ,  carbonate 
stage I; 50 t o  60% pebbles, 10 t o  20% cobbles, l e s s  than 1% 
boulders  by volume; no h i g h l y  weathered c l as t s ;  abrupt wavy 
boundary. 

I I I B 2 3 t b  87-108 cm. Orange (5YR 617) dry ,  b r i g h t  reddish brown ( ~ Y R  
518) moist ;  sandy 1 oam; massi ve; hard (d ry ) ,  very s l  i g h t l y  
s t i c k y  and nonp las t i c  (wet ); many moderately t h i c k  a r g i l  l a n  
br idges,  cont inuous t h i n  a r g i l l a n  br idges, many t h i n  a r g i l l a n s  
1 i n i n g  pores, common moderately t h i c k  a rg i  1 lans  on c l a s t s  and 
ped faces, few moderately t h i c k  a r g i l l a n s  l i n i n g  pores; no 
ef fervescence; carbonate stage I; 5% pebbles; no h i g h l y  
weathered c l  asts; c l e a r  broken boundary. 

I VB3b 108-140 cm. Orange (5YR 616) dry ,  b r i g h t  reddish brown ( 5 Y R  
518) moist ;  g r a v e l l y  sand; massive t o  very weak f i n e  angular 
b l  ocky ; s l  i g h t l y  hard (dry) ,  nons t i  cky and nonpl a s t i  c (wet)  ; 
cont inuous c o l l o i d a l  s t a i n s  on minera l  y r a i  ns, 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  on c l a s t s ;  no e f f e r -  
vescence; r a r e  carbonate impregnated matr ix ,  carbonte stage 
I+ ;  40% pebbles, 5 t o  20% cobbles, 1 ess than 1% boulders by 
volume; no h i g h l y  weathered c l  asts ;  abrupt wavy boundary. 

VCb 140-161+ cm. Orange (5YR 617) dry,  b r i g h t  redd ish  brown (5YR 
517) moist ;  sandy c l a y  loam-; massive; very  hard (dry) ,  s t i c k y  
and s l i g h t l y  p l a s t i c  (wet) ;  many t h i n  a r g i l l a n  br idges,  very 
few t h i n  a r g i  1 lans 1 i n i n g  pores; m a t r i x  no t  e f fe rvescen t ,  
v i o l e n t l y  e f fe rvescen t  on few, t h i n  carbonate seams; carbonate 
stage I+;  no coarse f r a c t i o n .  



SOIL PROFILE DESCRIPTION 13 

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

Locat ion:  Mountain Home Quad.; NW1/4; SW1/4, Set. 23, 1 N O  R. 5 

Physiographic p o s i t i o n :  Crest o f  broad, h i gh  moraine; 2365 m (7755 f t )  
e leva t ion .  

Topography: Smooth surface, s l op ing  lo E. 

Drainage: We1 1 drained. 

Vegetation: Sagebrush and sho r t  grasses. 

Parent ma te r i a l  : T i  11 w i t h  ice-wedge cas t?  

Age: Pre-Bul l  Lake. 

Remarks: Percentages a re  v isua l  l y  estimated. 

Sampled by: A. R. Nelson, June 5, 1980. 

A 0-20 cm. D u l l  orange (7.5YR 614) dry,  brown (7.5YR 414) t o  
d u l l  reddish brown (5YR 414) mois t ;  g r a v e l l y  sandy loam; weak 
f i n e  t o  medium subangular b locky;  s o f t  (d ry ) ,  nonst icky and 
nonp las t i c  (wet) ;  no t  effervescent; carbonate stage 11-; 20% 
pebbles, 10% cobbles, 5% boulders by volume; (1% h i g h l y  
weathered c l  asts ;  c l e a r  wavy boundary. 

B 1 20-42 cm. Orange (7.5YR 715 t o  5YR 715) dry ,  b r i g h t  reddish 
brown (5YR 516) mois t ;  g r a v e l l y  sandy loam; massive; s l i g h t l y  
hard (dry) ,  s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  many 
c o l l o i d a l  s t a i n s  on minera l  g ra ins ,  comon t h i n  a r g i l l a n  
br idges;  no t  e f fe rvescen t ;  carbonate stage I-; 20% pebbles, 
10% cobbles, 5% boulders by volume; <1% h i g h l y  weathered 
c l  asts;  c l e a r  wavy boundary. 

B21ca 42-66 cm. Pale orange (5YR 813) dry ,  orange (5YR 616 t o  5YR 
618) moist ;  g r a v e l l y  sandy loam; very  weak medium angular 
b locky  t o  weak coarse p l a t y ;  hard  (dry) ,  s t i c k y  and s l i g h t l y  
p l a s t i c  (wet ); cont inuous c o l l  o i d a l  s t a i n s  on m i  nera l  g r a i  ns, 
cont inuous 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  l i n i n g  
pores; v i o l e n t l y  e f fervescent ;  carbonates i n  1-2 mm r i nds ,  
carbonates a r e  l i g h t  grey (810) dry ,  pa le  orange (5  YR 813) 
moist ,  carbonate stage 11+ t o  111-; 20% pebbles, 10% cobbles, 
5% boulders by volume; 10% h i g h l y  weathered c l a s t s ;  c l e a r  
i r regu l  a r  boundary. 

B 22t 66-105 cm. D u l l  orange (5YR 714) dry ,  b r i g h t  reddish brown 
(5YR 516) moist ;  g r a v e l l y  sandy loam; massive; hard (d ry ) ,  
s l i g h t l y  s t i c k y  and nonp las t i c  (wet ); cont inuous co l  l o i d a l  



s t a i n s  on minera l  gra ins,  cont inuous t h i n  a r g i  1 l a n  br idges,  
common t h i n  a r g i l  l ans  1 i n ing  pores; v i o l e n t l y  e f fe rvescen t ;  
many 1-3 mm seams o f  carbonate, carbonate stage I+ ;  20% 
pebbles, 10% cobbles, 5% boulders  by volume; 5% h i g h l y  
weathered c l a s t s ;  abrupt  broken boundary. 

I IB23tb 106-132 cm. D u l l  orange (5YR 6/4), b r i g h t  redd ish  brown (5YR 
5/6), pa l e  orange (5YR 8/3), and d u l l  orange (7.5YR 713) a l l  
mois t ;  s i l t y  c lay ;  massive; f r i a b l e  (mois t ) ,  s t i c k y  and 
p l a s t i c  (wet ); s t r ong l y  ef fervescent,  v i o l e n t l y  e f fe rvescen t  
i n  carbonate bands; carbonate stage 11; abrupt  broken 
boundary. 

I B24t 132-162+ cm. Pale orange (5YR 8/4)  dry ,  redd ish  brown (5YR 
4/8)  moist ;  g r a v e l l y  sandy loam; massive; 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 nonp las t i c  (wet ) ;  many t h i n  a r g i l l a n  
br idges,  ve ry  few t h i n  a r g i l l a n s  1 i n i n g  pores; s t r o n g l y  e f f e r -  
vescent; common carbonate seams and t h i n  c l a s t  coat ings,  car -  
bonate stage I; 20% pebbles, 10% cobbles, 5% boulders  by 
volume; 5% h i g h l y  weathered c l  as ts .  



SOIL PROFILE DESCRIPTION 14 

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

Locat ion:  Mountain Home Quad.; SE114, NW1/4, sec. 23, T. 1 N., R. 5 W .  

Physiographic p o s i t i o n :  Crest o f  low, narrow moraine; 2339 m (7670 f t )  
e leva t ion .  

Topography: Surface w i t h  sca t te red  boulders,  0' slope. 

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush and grasses. 

Parent ma te r i a l  : T i l l  - a b l a t i o n  over basal o r  f low t i l l ?  

Age: B u l l  Lake. 

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

Sampled by: A. R. Nelson, June 5, 1980. 

A 0-17 cm. D u l l  reddish brown (5YR 5/3) dry,  dark reddish brown 
(5YR 3/3) mois t ;  g r a v e l l y  sandy loam; very weak f i n e  t o  lmedium 
subangular b locky;  s o f t  (dry) ,  very s l i g h t l y  s t i c k y  and 
nonpl a s t i c  (wet ); no effervescence; 20% pebbles, 15% cobbles, 
5% boulders by volume; <1% h i g h l y  weathered c l a s t s ;  c l e a r  wavy 
boundary. 

B 1 17-44 cm. D u l l  reddish brown (5YR 5/4) dry ,  d u l l  reddish 
brown (5YR 414) moist ;  g r a v e l l y  sandy c lay ;  very  weak medium 
angular  blocky; s l i g h t l y  hard t o  hard (d ry ) ,  s t i c k y  and 
s l i g h t l y  p l a s t i c  (wet) ;  many t h i n  a r g i l l a n  br idges,  few t h i n  
a r g i l  lans l i n i n g  pores, few t h i n  a r g i l l a n s  on c l a s t s ;  no 
effervescence; 20% pebbles, 15% cobbles, 5% boulders by v o l -  
ume; (1% h i g h l y  weathered c l a s t s ;  c l e a r  wavy boundary. 

B21t 44-67 cm. B r i g h t  reddish brown (5YR 516 t o  5 /8)  dry ,  reddish 
brown (5YR 418) moist; g r a v e l l y  c lay ;  weak coarse angular 
blocky; hard t o  very hard (dry),  s t i c k y  and p l a s t i c  (wet) ;  
cont inuous t h i n  t o  moderately t h i c k  a r g i l l  an b r i  dges, many 
t h i n  a r g i l  lans l i n i n g  pores, common t h i n  t o  moderately t h i c k  
a r g i l l a n s  on ped faces and c l a s t s ;  no ef fervescence; 20% 
pebbles, 15% cobbles, 5% boulders  by volume; (1% h i g h l y  
weathered c l as t s ;  c l e a r  i r r e g u l a r  boundary. 

831 67-122 cm. D u l l  orange (5YR 7/4)  dry,  redd ish  brown (5YR 417) 
mois t ;  g r a v e l l y  sandy loan; massive t o  very weak mediuin angu- 
l a r  blocky; s l i g h t l y  hard (dry) ,  very s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet) ;  many 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 i n g  pores, few t h i n  a r g i l l a n s  on ped faces and 



c l  asts;  no ef fervescence; 20% pebbles, 15% cobbles, 5% 
boulders  by volume, ~ 1 %  h i g h l y  weathered c l as t s ;  c l e a r  wavy 
boundary. 

832 122-143 cm. D u l l  orange (5YR 715) dry ,  orange (5YR 615) t o  
b r i g h t  redd ish  brown (5YR 515) moist ;  g r a v e l l y  sand+; massive 
t o  ve ry  weak f i n e  t o  medium angular  b locky;  s o f t  ( d r y ) ,  
nons t i cky  and nonp las t i c  (wet ) ;  common t h i n  a r g i l l a n  br idges,  
very  few t h i n  a r g i l  l ans  1 i n i n g  pores, very few t h i n  a r g i  1 lans 
on ped faces and c l as t s ;  no e f fervesence;  20% pebbles; 15% 
cobbles; 5% boulders  by volume; < I %  h i g h l y  weathered c l as t s ;  
abrupt  smooth boundary. 

I IB33 143-163+ cm. B r i g h t  brown (2.5YR 515) mo is t ;  g r a v e l l y  sandy 
loam; massive t o  weak t o  moderate very coarse p l a t y ;  hard 
(d ry ) ,  very  s l i g h t l y  s t i c k y  and nonp las t i c  (wet ) ;  many t h i n  t o  
moderately t h i c k  a r g i l l a n  br idges,  common t h i n  t o  moderately 
t h i c k  a r g i l l a n s  l i n i n g  pores, few t h i n  a r g i l l a n s  on ped faces 
and c l a s t s ;  m a t r i x  none t o  s l i g h t l y  e f fe rvescen t ,  carbonate 
searns v i o l e n t l y  ef fervescent;  carbonate stage I, carbonate 
seams up t o  2 cm t h i c k ,  l i g h t  y e l l o w  orange (7.5YR 813) mois t ,  
on tops  o f  ho r i zon  and t h i n  (1-2 mrn) carbonate f i l m s  on bottom 
o f  c l a s t s ;  20% pebbles, 15% cobbles, 5% boulders  by volume; 
<1% h i g h l y  weathered c l as t s .  



SOIL PROFILE DESCRIPTION 15 

C l a s s i f i c a t i o n :  Typic Eu t robo ra l f  

Locat ion:  Mountain Home Quad.; NW1/4, NW114, sec. 22, T. 1 N., R. 5 W. 

Physiographic pos i t i on :  Crest o f  low, broad moraine, 2388 m (7830 f t )  
e leva t ion .  

Topography: Smooth surface s l op ing  lo SE. 

Orai  nage: We1 1 d r a i  ned. 

Vegetat ion: Sagebrush and grasses. 

Parent mater i  a1 : T i  1 1 .  

Age: Pre-Bul l  Lake. 

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

Sampled by: A. R. Nelson, June 7, 1980. 

A 0-9 cm. D u l l  reddish brown (5YR 5/3) dry,  dark reddish brown, 
(5YR 313) mois t ;  cobbly pebbly lbamy sand+; weak medium t o  
coarse subangular blocky; s o f t  (d ry ) ,  nons t i cky  and nonpl a s t i c  
(wet ); no ef fervescence; 20% pebbles, 25% cobbles, 10% 
boulders;  no h i g h l y  weathered c l  asts;  abrupt wavy boundary. 

9-23 cm. - D u l l  reddish brown (5YR 514) dry ,  reddish brown (5YR 
4/5)  moist ;  cobbly pebbly sandy loam; weak t o  moderate coarse 
p l a t y  break ing t o  weak t o  moderate f i n e  angular blocky; 
s l i g h t l y  hard (dry) ,  s l i g h t l y  s t i c k y  and nonp las 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 l  l a n  br idges,  common t h i n  a r g i l  l ans  on c l a s t s  and ped 
faces, very few a r y i l  l a n  1 i n i n g  pores; no effervescence; 20% 
pebbles , 25% cobbles , 10% boul ders ; 10% h i  gh ly  weathered 
c l as t s ;  c l e a r  wavy boundary. 

23-46 cm. Reddish brown (5YR 4/6) t o  b r i g h t  reddish brown 
(5YR 516) dry ,  reddish brown (5YR 516 t o  5YR 416) moist ;  
cobbly  pebbly sandy c lay ;  weak medium t o  coarse angular 
b locky;  hard (dry) ,  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  con- 
t i  nuous t h i n  a r g i  11 an br idges, common t h i n  a r g i  11 an 1 i n i  ng 
pores, common moderately t h i c k  a r g i l l a n s  on ped faces and 
c l a s t s ,  cont inuous t h i n  a r g i l l a n s  on ped faces and c l a s t s ;  no 
effervescence, r a r e  1-2 mm carbonate nodules; 20% pebbles , 25% 
cobbles, 10% boulders by volume; 10% h i g h l y  weathered c l a s t s ,  
very  abrupt broken boundary. 

Bca 46-80 cm. L i g h t  y e l l o w  orange (7.5YR 813) dry ;  (7.5YR 814) 
mois t ;  very weak medium angular  b locky;  g r a v e l l y  sandy loam; 



Cca 

hard (dry) ,  very  s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  con- 
t i  nuous co l  l o i d a l  s t a i n s  on m i  nera l  gra ins,  cont inuous t h i n  
a r g i l l a n s  l i n i n g  pores; v i o l e n t l y  e f fervescent ;  most o f  ma t r i x  
impregnated by carbonate (whi te ,  810 dry) ,  carbonate 
stage III+, r a r e  zones o f  carbonate stage I V  i n  upper 10 cm o f  
hor izon; 20% pebbles, 25% cobbles, and 10% boulders by volume; 
30% h i g h l y  weathered c l  asts;  gradual broken boundary. 

80-171+ cm. D u l l  orange (5YR 6/4) dry,  b r i g h t  reddish brown 
(5YR 5/7) moist ;  loamy sand; massive; s l i g h t l y  hard (dry) ,  
ve ry  s l  i g h t l y  s t i c k y  and nonpl a s t i c  (wet ); continuous 
co l  1 o i da l  s t a i n s  on minera l  g r a i  ns, continuous t h i n  a rg i  11 ans 
l i n i n g  pores; s l i g h t  t o  s t r ong  effervescence; many 5-10 mm 
h o r i z o n t a l  carbonate seams, carbonate stage I +  t o  11; 15% 
pebbl es by vo l  ume. 



SOIL PROFILE DESCRIPTION 16 

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

Locat ion:  Mountain Home Quad.; SE114, NW114, sec. 16, T. 1 N., R. 5 W. 

Physiographic pos i t i on :  Sharp c r e s t  of low, narrow moraine; 2431 rn 
(7970 f t )  e leva t ion .  

Topography: S l i g h t l y  undu la t ing  sur face  s l op ing  s teep ly  on e i t h e r  s i de  
o f  s i t e ;  lo slope t o  N a t  p i t .  

Drainage: We1 1 d r a i  ned. 

Vegetation: Sagebrush, grasses, manzanita, and l e a f y  ground p lants .  

Parent mater i  a1 : T i  1 1 . 
Age: B u l l  Lake. 

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

Sampled by: A. R. Nelson, June 5, 1980. 

A 0-18 cm. Grayish brown (5YR 612 t o  7.5YR 612) dry ,  dark brown 
(7.5YR 313) moist ;  sandy loam+; very weak f i n e  subangular 
b locky;  s o f t  (d ry ) ,  very s l i g h t l y  s t i c k y  and s l  i g h t l y  p l a s t i c  
(wet) ;  no effervescence; 15% pebbles, 10% cobbles, 1% boulders 
by volume; c l e a r  wavy boundary. 

B 1 18-34 cm. D u l l  orange (5YR 713) t o  pa le  redd ish  orange (2.5YR 
713) dry ,  d u l l  redd ish  brown (5YR 514) t o  d u l l  reddish brown 
(2.5YR 514) mois t ;  sandy loam; massive; s o f t  t o  s l i g h t l y  hard 
(d ry ) ,  very s l i g h t l y  s t i c k y  and nonp las t i c  (we t ) ;  very few 
t h i n  a r g i l l a n s  l i n i n g  pores, common t h i n  a r g i l l a n  br idges; no 
ef fervescence; 15% pebbles, 10% cobbles, 1% boulders by v o l -  
ume; c l e a r  wavy boundary. 

B21t 34-68 cm. B r i g h t  brown (2.5YR 516) dry,  reddish brown (2.5YR 
416) moist ;  sandy c l a y  loam-; weak t o  moderate medium angular 
blocky; very hard (d ry ) ,  s t i c k y  and p l a s t i c  (wet) ;  continuous 
c o l l o i d a l  s t a i n s  on gra ins,  cont inuous moderately t h i c k  
a r g i  11 an br idges,  cont inuous moderately t h i c k  a r g i  11 ans 1 i n i  ng 
pores, many moderately t h i c k  a r g i l l a n s  on ped faces and 
c l a s t s ;  no effervescence; 15% pebbles, 10% cobbles, 1% 
boulders;  gradual wavy boundary. 

B22t 68-119 crn. Orange (2.5YR 616) dry ,  b r i g h t  brown (2.5YR 516) 
mois t ;  sandy c l a y  loam-; very weak medium angular  blocky; hard 
(d ry ) ,  s l i g h t l y  s t i c k y  and s l i g h t l y  p l a s t i c  (wet) ;  continuous 
c o l l o i d a l  s t a i n s  on minera l  gra ins,  few t h i n  a r g i l l a n s  1 i n i n g  
pores, many t h i n  a r g i l l a n  br idges; comon t h i n  a r g i l l a n s  on 



c las t s ;  15% pebbles, 10% cobbles, 1% boulders by volume; grad- 
u a l  wavy boundary. 

B23t 119-157 cm. Orange (2.5YR 615) dry ,  b r i g h t  brown (2.5YR 515) 
moist ;  sandy loam; massive; s l i g h t l y  hard (dry) ,  s l i g h t l y  
s t i c k y  and nonp las t i c  (we t )  ; cont inuous co l  l o i d a l  s t a i n s  on 
minera l  g ra ins ,  common t h i n  a r g i l l a n  br idges, very few t h i n  
a r g i l l a n s  on c l as t s ;  15% pebbles, 10% cobbles, 1% boulders by 
volume; abrupt wavy boundary. 

C 157-172+ cm. D u l l  orange (5YR 714) dry, b r i g h t  reddish brown 
(5YR 516 t o  5YR 518) sand; massive; s o f t  t o  s l i g h t l y  hard 
(d ry ) ,  very s l i g h t l y  s t i c k y  and nonp las t i c ;  common c o l l o i d a l  
s t a i n s  on minera l  gra ins;  15% pebbles, 10% cobbles, 1% boulder 
by volume. 



SOIL PROFILE DESCRIPTION 17 

C l a s s i f i c a t i o n :  Typic A r g i b o r o l l  

Locat ion:  Mountain Home Quad.; NE114, NE114, sec. 15, T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  Sharp c r e s t  of round morainal  h i l l ;  2368 In 
(7763 f t )  e leva t ion .  

Topography: S l i g h t l y  undu la t ing  surface s l op ing  s teep ly  on a l l  s ides; 
lo slope t o  E a t  p i t .  

Dra i  nage : We1 1 drained. 

Vegetat ion: Sagebrush, grasses, manzani ta ,  and 1 e a f t y  ground p lants .  

Parent ma te r i a l :  T i l l  - a b l a t i o n  and f l o w t i l l ?  

Age: B l ~ l l  Lake. 

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

Sampled by: A. R. Nelson, June 5, 1980. 

~i 1 0-21 cm. Grayish brown (7.5YR 512) dry ,  brownish b lack (7.5YR 
312); g r a v e l l y  sandy loam-; ve ry  weak medium subangular b locky 
(near c l a s t s ) ;  s o f t  (d ry ) ,  nons t i cky  and nonp las t i c  (wet ); no 
ef fervescence; 20% pebbles, 15% cobbles, 8% boulders by vo l -  
ume; (1% h i g h l y  weathered c l a s t s ;  gradual wavy boundary. 

21-52 cm. D u l l  orange (7.5YR 713) dry ,  brown (7.5YR 413) t o  
d u l l  reddish brown (5YR 413) mois t ;  g r a v e l l y  loamy sand+; 
massi ve; s o f t  (dry) ,  nons t i cky  and nonpl a s t i  c; common 
c o l  1 o i  da l  s t a i  ns on m i  nera l  g r a i  ns; no effervescence; 20% 
pebbles, 15% cobbles, 8% boulders by volume; ~ 1 %  h i g h l y  
weathered c l  asts;  gradual wavy boundary. 

B2t 52-107 cm. Orange (5YR 618) dry ,  b r i g h t  redd ish  brown (5YR 
518) moist ;  sandy loam; very weak very coarse angular blocky; 
hard  (dry) ,  s l i g h t l y  s t i c k y  and nonp las t i c ;  continuous 
c o l l o i d a l  s t a i n s  on minera l  gra ins,  comnon t h i n  a r g i  1 l a n  
br idges,  few t h i n  a r g i l l a n s  l i n i n g  pores; c l a y  n o t  evenly 
d i s t r i b u t e d ,  concentrated i n  2-8 mm seams; no effervescence; 
15% pebbles, 15% cobbles, 8% boulders  by volume; (1% h i g h l y  
weathered c l  asts;  abrupt smooth boundary. 

C l c a  107-127 cm. White (810) t o  p a l e  orange (5YR 813) dry,  l i g h t  
gray (5YR 812) t o  d u l l  orange (5YR 713) moist ;  sandy c l ay  
loam; weak coarse p l a t y ;  f r i a b l e  (moist) ,  s t i c k y  and p l a s t i c  
(wet ) ; v i o l e n t l y  e f fervescent ;  carbonate stage I I+, common 
carbonate br idges; discont inuous, random, inped, s imple pores; 
15% pebbles, 15% cobbles, 8% boulders  by volume, OX t o  2% 
h i g h l y  weathered c l as t s ;  c l e a r  wavy boundary. 



127-161 cm. Pale orange (5YR 813) t o  d u l l  orange (5YR 714) 
dry ,  d u l l  orange (5YR 614) mois t ;  few 1-4 mm orange (5YR 618) 
seams, mois t ;  loamy sand; massive; s o f t  t o  s l i g h t l y  hard 
(d ry ) ,  nons t i cky  and nonp las t i c  (wet) ;  cont inuous co l  l o i d a l  
s t a i n s  on minera l  gra ins,  common a r g i l  l a n  b r idges  i n  seams; no 
ef fervescence, upper 5 cm s l i g h t l y  effervescent; carbonate 
stage I-; 15% pebbles, 15% cobbles, 8% boulders by volume; (1% 
h i g h l y  weathered c l as t s ;  abrupt  smooth boundary. 

161-184+ cm. D u l l  orange (5YR 614) w i t h  zones of  orange (5YR 
616 t o  618) dry ,  d u l l  orange (5YR 714) w i t h  zones of orange 
( ~ Y R  616 t o  618) mois t ;  sand; massive; loose (d ry ) ,  nonst icky 
and nonpl a s t i  c (wet)  ; no effervescence; 15% pebbles, 15% 
cobbles, 8% boulders by volume; (1% h i g h l y  weathered c l as t s .  



SOIL PROFILE DESCRIPTION 18 

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

Locat ion:  Mountain Home Quad.; NW114, NW114, sec. 13, T. 1 N., R. 5 W. 

Physiographic pos i t i on :  Center o f  f l a t  g l  a c i o f l u v i a l  channel (300 TI 

wide);  2257 m (7400 f t )  e leva t ion .  

Topography: Smooth surface s l op ing  lo SE. 

Drainage: We1 1 drained. 

Vegetat ion: Grass and sca t te red  sagebrush. 

Parent mate r i  a1 : G l  a c i  o f1  u v i  a1 sands and s i  1 t s .  

Age: P i  nedal e. 

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

Sampled by: A. R. Nelson, June 4, 1980. 

A l l  0-11 cm. D u l l  orange (7.5YR 614) dry ,  dark brown (7.5YR 314); 
loamy sand-; s t rong  coarse p l a t y ;  so f t  (dry) ,  nons t i cky  and 
nonpl a s t i c  (wet ) ; no effervescence; abrupt wavy boundary. 

A12 11-26 cm. D u l l  orange (7.5YR 614) dry ,  dark brown (7.5YR 
314); loamy sand; massive; s o f t  (d ry ) ,  nons t i cky  and 
nonp las t i c  (wet) ;  no ef fervescence, c l e a r  smooth boundary. 

B 1 26-59 cm. D u l l  brown (7.5YR 514) dry,  brown (7.5YR 414) 
moi s t ;  loamy sand+; massive; s o f t  (d ry ) ,  nons t i cky  and 
nonpl a s t i  c (wet ) ; common co l  1 o i  da l  s t a i n s  on minera l  gra ins ; 
no effervescence; c l e a r  smooth boundary. 

B2 59-87 cm. D u l l  orange (5YR 614) t o  orange (5YR 616) dry,  
brown (7.5YR 414) t o  brown (7.5YR 416) moist ;  many, large,  
f a i n t  mot t les ,  orange (5YR 616) dry ;  loamy sand+; massive; 
s o f t  (dry) ,  very  s l  i g h t l y  s t i c k y  and nonpl a s t i c  (wet)  ; many 
c o l  l o i d a l  s t a i n s  on minera l  gra ins;  no effervescence; gradual 
i r regu l  a r  boundary. 

B3 87-114 cm. Oranye (7.5YR 716) dry ,  b r i g h t  brown (7.5YR 516) 
mois t ;  many l a r g e  f a i n t  mot t les ,  orange (7.5YR 618) dry;  loamy 
sand+; massive; s o f t  (dry) ,  very  s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet) ;  many c o l l o i d a l  s t a i n s  on minera l  gra ins;  no 
ef fervescence; very abrupt smooth boundary. 

I ICox 114-129 cm. L i g h t  gray (2.5Y 812) t o  pa le  ye l l ow  (2.5Y 813) 
moist ;  many f i n e  prominent mot t les ,  orange (7.5YR 618) mois t ;  
s i l t y  c l ay  t o  loam; weak t o  moderate f i n e  t o  medium angular 



IIIC 

blocky i n  c l a y  zones, massive otherwise; s l i g h t l y  s t i c k y  t o  
s t i c k y  and s l i g h t l y  p l a s t i c  t o  p l a s t i c  (wet) ;  few t h i n  
a r g i l l a s  l i n i n g  pores w i t h i n  c l a y  zones; very s l i g h t l y  e f f e r -  
vescent i n  c l a y  zones; we l l  s t r a t i f i e d ,  1-2 cm. beds; very 
abrupt  smooth boundary. 

129-175+ cm. D u l l  orange (5YR 7/3) t o  d u l l  brown (7.5YR 613) 
mois t ;  sand; massive; nons t i cky  and nonp las t i c  (wet) ;  no 
ef fervescence; we1 1  s t r a t i f i e d ,  1-10 cm beds. 



SOIL PROFILE OESCRIPTION 19 

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

Locat ion:  Mountain Home Quad.; NW1/4, NE114, sec. 11, T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  Crest o f  round morainal  h i 1  1 ; 2335 in (7655 f t  ) 
e leva t ion .  

Topography: S l i g h t l y  undu la t ing  bouldery  sur face  s l op ing  s teep ly  on a1 1 
sides; 0' t o  1' s lope t o  SE a t  p i t .  

Drainage: We1 1 drained. 

Vegetat ion: Sagebrush, shor t  grasses, and manzanita. 

Parent mate r i  a1 : T i  11 . 
Age: Pindale. 

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

Sampled by: A. R. Nelson, June 4, 1980. 

A l l  0-27 cm. D u l l  brown (7.5YR 613) dry,  brown (7.5YR 4/3) moist ;  
g r a v e l l y  sandy loam; weak coarse subangular b locky;  s o f t  
(d ry ) ,  very s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  no e f f e r -  
vescence; 30% pebbles, 15% cobbles, and 2% boulders by volume; 
~ 1 %  h i g h l y  weathered c l  asts;  c l e a r  wavy boundary. 

27-50 cm. D u l l  orange (7.5YR 713) dry ,  d u l l  brown (7.5YR 514) 
mois t ;  g r a v e l l y  loamy sand-; massive; s o f t  t o  hard (dry) ,  
nons t i  cky and nonpl a s t i  c (wet ) , no effervescence; 25% pebbles , 
15% cobbles, and 2% boulders by volume; <1% h i g h l y  weathered 
c l  asts;  gradual wavy boundary. 

50-70 cm. L i g h t  ye1 low orange (7.5YR 813) t o  pa le  orange (5YR 
813) dry ,  d u l l  orange (7.5YR 714 t o  5YR 714) moist ;  g r a v e l l y  
loamy sand-; massive; s o f t  t o  loose (dry) ,  nons t i cky  and 
nonpl a s t i c  (wet)  ; no effervescence; 20% pebbles, 15% cobbles, 
and 2% boulders by volume; < l %  h i g h l y  weathered c l as t s ;  grad- 
ua l  i r r e g u l a r  boundary. 

70-98 cm. D u l l  orange (5YR 814) dry ,  orange (5YR 6/6), moist ;  
g r a v e l l y  loamy sand-; massive; 1 oose (dry) ,  nons t i cky  and 
nonpl a s t i  c (wet ) ; no effervescence; 20% pebbles , 15% cobbles , 
and 2% boulders by volume; ~ 1 %  h i g h l y  weathered c l as t s ;  grad- 
ua l  i r regu l  a r  boundary. 

98-110 cm. Pale orange (5YR 813) dry ,  d u l l  orange (5YR 6/4)  
moist ;  g r a v e l l y  sand+; massive; loose (dry) ,  nons t i cky  and 
nonp las t i c  (wet ); no ef fervescence; very few t h i n  carbonate 



coat ings on c l a s t s ,  carbonate stage I-; 20% pebbles, 15% 
cobbles, and 2% boulders by volume; (1% h i g h l y  weathered 
c l  asts ;  gradual i r r e g u l a r  boundary. 

140-162+ cm. Pale orange (5YR 8 /4 )  dry ,  orange (5YR 7/6) 
moist ;  gravel  ly  sand+; massive; 1 oose (dry) ,  nonst i c k y  and 
nonpl a s t i  c (wet ); m a t r i x  v i o l e n t l y  effervescence; t h i n  d i  scon- 
t inuous  carbonate coat ings on c l as t s ,  carbonate stage I-; 20% 
pebbles; 15% cobbles and 2% boulders  by volume; ~ 1 %  h i g h l y  
weathered c l  asts.  



SOIL PROFILE DESCRIPTION 20 

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

Locat ion:  Lake Fork Mtn. Quad. ; SW1/4, SW1/4, sec. 2, T. 1 N., R. 5 W e  

Physiographic p o s i t i o n :  Crest o f  narrow recess ional  moraine; 2338 rn 
(7655 f t  ) e leva t ion .  

Topography: S l i g h t l y  undu la t i ng  bouldery  sur face s l op ing  s teeply  t o  E 
and W; lo slope t o  S a t  p i t .  

Drainage: We1 1 drained. 

Vegetat ion: Scat tered sagebrush and grass. 

Parent mater i  a1 : T i  11. 

Age: P i  nedal e. 

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

Sampled by: A. R. Nelson, June 4, 1980. 

A l l  0-18 cm. D u l l  brown (7.5YR 513) dry,  dark brown (7.5YR 3/3) 
moist ;  g r a v e l l y  sandy loam; weak medium t o  coarse subangular 
b locky  (between c l a s t s ) ;  s o f t  t o  loose (dry) ,  nons t i cky  and 
nonpl a s t i c  (wet) ,  no ef fervescence; 20% pebbles, 15% cobbles 
by volume; c l e a r  wavy boundary. 

18-32 cm. D u l l  orange (5YR 714) dry,  b r i g h t  reddish brown 
(5YR 515) moist ;  g r a v e l l y  sandy loam; massive; s o f t  t o  loose 
(d r y ) ;  nons t i cky  and nonpl a s t i c  (wet) ;  c o l l o i d a l  s t a i n s  on 
minera l  gra ins;  s t r o n g l y  e f fe rvescen t  i n  ma t r i  x, carbonate 
stage I-; 20% pebbles, 15% cobbles, 1% boulders by volume; 
abrupt  i r regu l  a r  boundary. 

Clca 32-54 cm. D u l l  orange (5YR 714) dry,  d u l l  orange (5YR 614 t o  
7.5YR 614) moist ;  g r a v e l l y  sandy loam; massive t o  weak f i n e  t o  
medium angular  blocky; s o f t  (dry) ,  very s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet) ;  very few t h i n  a r g i l l a n s  l i n i n g  pores, very 
few t h i n  a r g i l l a n s  on c l as t s ;  carbonates pa le  orange (5YR 813 
t o  5YR 814) dry,  d u l l  orange (5YR 714) moist ,  carbonates 
s l i g h t l y  hard (dry) ,  carbonate r i n d s  1-3 mm t h i c k  undercl  asts,  
carbonate stage 11; 20% pebbles, 15% cobbles, 1% boulders by 
vo l  ume; c l e a r  wavy boundary. 

C 2 54-154+ cm. Pale orange (5YR 814) dry,  orange (5YR 615) 
moist ;  g r a v e l l y  sandy loam; massive; s o f t  t o  loose (d ry ) ,  very 
s l i g h t l y  s t i c k y  and nonp las t i c  (wet) ;  few c o l l o i d a l  s t a i ns  on 
minera l  gra ins;  v i o l e n t l y  e f fervescent ;  carbonate i n  d i  scon- 
t inuous  coat ings, carbonate stage 0 t o  I-; 20% pebbles, 15% 
cobbles, 1% boulders by volume. 



SOIL PROFILE DESCRIPTION 21 

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

Locat ion:  A1 tonah Quad.; SW114, NE114, sec. 32, T. 1 N., R. 4 W. 

Physiographic p o s i t i o n :  Center o f  s l  i g h t l y  channeled fl u v i a l  te r race ;  
2123 m (6960 f t )  e leva t ion .  

Topography: Smooth surface, 0' slope. 

Dra i  nage: We1 1 d r a i  ned. 

Vegetat ion: Sagebrush, grasses, and sca t t e red  cedar. 

Parent ma te r i a l  : G l a c i o f l u v i  a1 gravel .  

Age: P i  oedal e. 

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

Sampled by: A. R. Nelson, June 4, 1980. 

A 1 0-24 cm. D u l l  brown (7.5YR 5/4)  dry,  dark brown (7.5YR 314) 
mois t ;  g r a v e l l y  loamy sand, s i n g l e  g r a i n  t o  very weak f i n e  t o  
medium subangul a r  b l  ocky ; loose  t o  s o f t  ( d r y )  ; nons t i  cky .and 
nonpl a s t i c  (wet ); no effervescence; 50% pebbles, 10% cobbles, 
and 1% boulders by volume; no h i g h l y  weathered c l as t s ;  c l e a r  
i r r e g u l a r  boundary. 

Clox 

24-58 cm. Orange (7.5YR 6/6)  t o  d u l l  orange (5YR 614) dry ,  
brown (7.5YR 416) t o  reddish brown (5YR 415) moist ;  g r a v e l l y  
loamy sand+; very weak f i n e  t o  medium angular blocky; s o f t  
(d ry ) ,  nons t i cky  and nonpl a s t i c  (wet)  ; many co l  l o i d a l  s t a i n s  
on minera l  gra ins,  few t h i n  a r g i l l a n  br idges; no ef ferves- 
cence; 50% pebbles, 15% cobbles, 5% boulders by volume; no 
h i g h l y  weathered c l  asts;  c l e a r  wavy boundary. 

58-124 cm. B r i g h t  brown (7.5YR 515) t o  b r i g h t  reddish brown 
(5YR 515) dry,  brown (7.5YR 4/5) t o  redd ish  brown (5YR 416) 
mois t ;  gravel  l y  cobbly sand+; s i n g l e  gra in ;  1 oose (d ry ) ,  
nons t i cky  and nonp las t i c  (wet); many c o l l o i d a l  s t a i n s  on 
minera l  gra ins;  no effervescence; very t h i n  discont inuous car -  
bonate coat ings on t h e  bottom of c l as t s ,  carbonate stage I - ;  
40% pebbles, 30% cobbles, 5% boulders  by volume; no h i g h l y  
weathered c l a s t s ;  gradual wavy boundary. 

124-156+ cm. B r i g h t  redd ish  brown (5  YR 5/6) dry ,  reddish 
brown (5  YR 416) wet; g r a v e l l y  cobbly sand+; s i n g l e  gra in ;  
1 oose ( d r y )  ; nonst i cky and nonpl a s t  i c (wet ) ; common co l  1 o i  da l  
s t a i n s  on minera l  grains;  no ef fervescence; very  t h i n  discon- 
t i nuous  carbonate coat ings on t h e  bottom of c l as t s ,  carbonate 



stage I-; 40% pebbles, 30% cobbles, 5% boulders by volume; no 
h i g h l y  weathered c l a s t s .  



SOIL PROFILE DESCRIPTION 22 

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

Locat i o n  : A1 tonah Quad. ; NW114, SW114, sec. 33, T. 1 N., R. 5 W. 

Physiographic p o s i t i o n :  Center o f  wide ( 1  km) g l  ac i  o f1  u v i  a1 te r race ;  
2128 m (6978 f t )  e leva t ion .  

Topography: Smooth surface, O0 slope. 

Dra i  nage: We1 1 d r a i  ned. 

Vegetat ion: Sagebrush, grasses, and sca t t e red  cedar. 

Parent ma te r i a l  : G l a c i o f l u v i a l  gravel .  

Age: B u l l  Lake. 

Remarks: Percentages a re  v i sua l  l y  estimated. 

Sampled by: A. R. Nelson, June 4, 1980. 

A l l  0-6 cm. D u l l  orange (7.5YR 614) dry,  brown (7.5YR 414) moist ;  
g r a v e l l y  loamy sand; weak medium t o  coarse subangular b locky 
t o  weak very coarse p l a t y ;  s o f t  (dry)., nons t i cky  and 
nonp las t i  c (wet ) ; no effervescence; 25% pebbles, 1% cobbles by 
volume; no h i g h l y  weathered c l  asts ;  abrupt i r r e g u l a r  boundary. 

B1 6-19 cm. D u l l  reddish brown (5YR 514) dry,  dark - redd ish  brown 
(5YR 314) moist ;  g r a v e l l y  sandy loam+; massive; loose t o  s o f t  
(d ry ) ,  s l i g h t l y  s t i c k y  and very s l i g h t l y  p l a s t i c  (wet) ;  no 
ef fervescence; 50% pebbles, 10% cobbles by volume; no h i g h l y  
weathered c l as t s ;  abrupt i r r e g u l a r  boundary. 

B21t 19-32 cm. B r i g h t  redd ish  brown (5YR 516 t o  5YR 517) dry ,  red- 
d i s h  brown (5YR 4/6) moist ;  g r a v e l l y  sandy clay-;  weak medium 
angular  blocky; hard (d ry ) ,  s t i c k y  and p l a s t i c  (wet) ;  con- 
t i nuous  t h i n  a r g i l l a n  br idges, many t h i n  a r g i l l a n s  i n s i d e  
pores, many moderately t h i c k  a r g i l  l ans  on ped faces and 
c l a s t s ,  a r g i l l a n s  a re  d u l l  redd ish  brown (5YR 4/4) dry;  no 
ef fervescence; 60% pebbles, 10% cobbles by volume; no h i g h l y  
weathered c l a s t ;  c l e a r  i r r e g u l a r  boundary. 

B22t 32-58 cm. B r i g h t  brown (2.5YR 516) t o  redd ish  brown (2.5YR 
416) dry,  redd ish  brown (2.5YR 416) moist ;  g r a v e l l y  sandy 
c l ay ;  weak t o  moderate medium t o  coarse angular blocky; hard 
(d ry ) ,  s t i c k y  and p l a s t i c  (wet ) ;  cont inuous moderately t h i c k  
a r g i l l a n s  i n s i d e  pores, cont inuous moderately t h i c k  a r g i l l a n s  
on ped faces and c l as t s ,  a r g i l l a n s  are reddish brown (5YR 4/8)  
dry ;  no effervescence; 60% pebbles, 10% cobbles, and 2% 
boulders by volume; no h i  gh ly  weathered c l  asts;  gradual wavy 
boundary. 



58-125 cm. B r i g h t  brown (2.5YR 517) dry ,  redd ish  brown (2.5YR 
417 t o  5YR 4 / 7 )  mois t ;  g r a v e l l y  loamy sand; very weak medium 
coarse angular  blocky; s o f t  (dry) ,  very s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet) ;  cont inous c o l l o i d a l  s t a i n s  on mineral  
g ra ins ,  few t h i n  a r g i l l a n  br idges,  common t h i n  a r y i l l a n s  on 
ped faces and c l a s t s ;  no effervescence; 60% pebbles, 10% 
cobbles, and 10% boulders by volume; no h i g h l y  weathered 
c l  asts;  gradual wavy boundary. 

125-169+ cm. B r i g h t  brown (2.5YR 517) dry,  b r i g h t  brown 
(2.5~R 516) moist ;  g r a v e l l y  sandy+; s i n g l e  gra in ;  loose t o  
s o f t  (dry) ,  nons t i cky  and nonp las t i c  (wet) ;  continuous 
c o l l o i d a l  s t a i n s  on minera l  g ra ins ;  no effervescence; 60% 
pebbles, 10% cobbles, and 10% boulders by volume; no h i g h l y  
weathered c l as t s .  



SOIL PROFILE DESCRIPTION 23 

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

Locat ion:  Altonah Quad.; NW1/4, NE1/4, sec. 23, T. 1 S., R. 4 W. 

Physiographic p o s i t i o n  : Edge o f  d issec ted  s t r a t h  g l  a c i o f l u v i a l  te r race ;  
2091 m (5856 f t )  e leva t ion .  

Topography: Smooth surface, O0 slope. 

Dra i  nage: We1 1 d r a i  ned. 

Vegetat ion: Sagebrush, grasses, sca t t e red  j u n i p e r  and pine. 

Parent mate r i  a1 : G l  a c i o f l  u v i  a1 gravels. 

Age: Pre-Bul l  Lake? 

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

Sampled by: A. R. Nelson, June 10, 1980. 

A 1 0-16 cm. D u l l  brown (7.5YR 514) dry ,  dark brown (7.5YR 314) 
moist ;  g r a v e l l y  sandy loam; very weak f i n e  t o  rnedium subangu- 
1 a r  b locky ; s o f t .  ( d r y ) ,  nons t i cky  and nonpl a s t i  c (wet)  ; 
s t r o n g l y  e f fe rvescen t ;  2 mm t o  6 mm carbonate nodules, ca r -  
bonate stage I+;  20% pebbles, 10% cobbles, and 2% boulders by 
volume; no h i g h l y  weathered c l  asts ;  c l e a r  wavy boundary. 

16-35 cm. D u l l  orange (7.5YR 614) dry ,  brown (7.5YR 414) 
mois t ;  g r a v e l l y  sandy loam; massive t o  very weak f i n e  angular 
blocky; loose  t o  s o f t  (d ry ) ,  very  s l i g h t l y  s t i c k y  and 
nonp las t i c  (wet) ;  common t h i n  a r g i l l a n  br idges, few t h i n  t o  
moderately t h i c k  a r g i  1 lans  1 i n ing  pores; v i o l e n t l y  e f f e r -  
vescent; 1 t o  2 cm carbonate nodules, l i g h t  ye1 low orange 
(7.5YR 814) dry, orange (7.5YR 7/5) mois t ,  carbonate stage 11; 
20% pebbles, 10% cobbles, and 2% boulders by volume; no h i g h l y  
weathered c l a s t s ;  abrupt  broken boundary. 

35-58 cm. D u l l  orange (7.5YR 713) dry ,  d u l l  brown (7.5YR 514) 
mois t ;  g r a v e l l y  sandy loam-; ve ry  weak medium angular  blocky; 
s l i g h t l y  hard  (dry) ,  nons t i cky  and nonp las t i c  (wet) ;  very few 
t h i n  a r g i  1 l a n  br idges;  v i o l e n t l y  e f fervescent ;  many t h i n  car -  
bonate br idges,  common t h i n  carbonate 1 i n i  ng pores, 1 i ght 
ye1 low orange (7.5YR 813) dry,  1 i g h t  ye1 low orange (7.5YR 814) 
mois t ,  carbonate stage 11; 20% pebbles, 10% cobbles, and 2% 
boulders by volume; no h i g h l y  weathered c l as t s ;  abrupt broken 
boundary. 

I I C l c a b  58-83 cm. White (810) dry ,  wh i t e  (810) t o  1 i y h t  ye1 low orange 
(7.5YR 813) mois t ;  s t r ong  medium t o  coarse p l a t y ;  extremely 



hard ( d r y )  ; v i o l e n t l y  e f fe rvescen t ;  I t o  8 mm carbonate r inds ,  
carbonate stage 11+ t o  111; 25% pebbles, 25% cobbles, and 10% 
boulders by volume; 30% h i g h l y  weathered c l  as ts  ; gradual 
broken boundary. 

IIC2cab 83-158+ cm. L i g h t  gray (2.5Y 812) t o  01 i v e  ye1 low (5Y 613) 
dry ,  l i g h t  y e l l o w  (2.5Y 713) t o  l i g h t  y e l l o w  (5Y 713) mois t ;  
cobbly g r a v e l l y  sandy c l a y  loam; weak t o  moderate medium t o  
coarse angular  blocky; hard (d ry ) ,  s t i c k y  and very s l i g h t l y  
p l a s t i c  (wet ); few moderately t h i c k  c l a y  br idges; v i o l e n t l y  
e f fe rvescen t ;  carbonate cont inuous and t h i c k ,  wh i t e  (8/0),  
carbonate s tage I I + ;  30% pebbles, 40% cobbles, 10% boulders by 
volume; 5% h i g h l y  weathered c l as t s .  



APPENDIX C 

STRATIGRAPHIC SECTION DESCRIPTIONS 



S t r a t i g r a p h i c  Sect ion Desc r i p t i on  1 

Gravel P i t  a t  Mouth o f  Antelope 
Canyon, Duchesne Co., Utah 

Locat ion: SW1/4, NE114, SE114, sec. 9, T. 4 S., R. 3 W.; 10 m i  E. o f  
Duchesne, Utah. 

Described by: A. R. Nelson, June 8, 1980. A l l  c o l o r s  a re  dry,  percent-  
age va l  ues v i sua l  l y  estimated, angul a r i  t y  sca le  o f  
Powers (1953). 

Depth (m) Unit Descr ip t ion  

E Sandy gravel  ; l i g h t  gray (2.5Y 812) ( d r y ) ;  70% 
pebbles (>go% < 3  cm l o n g )  and 2% cobbles (max 
12 cm long) ;  almost e n t i r e l y  f l a t  and elongate 
c l a s t s  o f  sandstone, l imestone, mudstone, and 
che r t  l o c a l  l y  der i ved  from U i  n ta  Fm. ; angul a r i  t y  
(Powers, 1953) 1 = 2, 2 = 4, 3 = 27, 4 = 16, 5 = 
1, 6 = 0; weakly s t r a t i f i e d  w i t h  l e n t i c u l a r  t o  
i nter layered,  discont inuous, even, un i form 
(3-10 cm t h i c k ) ,  nonpa ra l l e l  beds; ma t r i x  o f  
sandy s i l t  loam w i t h  weak angular b locky s t r uc -  
tu re ,  m a t r i x  i n f i  1 t r a t i o n  shown by t h i c k e r  
coat ings on t op  o f  c l a s t s  and moderately t h i c k  
cutans between sand g ra ins  and l i n i n g  pores; weak 
t o  moderate r e a c t i o n  w i t h  HC1; c l e a r  wavy boun- 
dary; upper con tac t  o f  u n i t  d i s t u rbed  by 
b u l l  dozer. 

0 Fine  t o  coarse sands (10% of u n i t )  and very f i n e  
sands (40%) interbedded w i t h  sandy s i l t s  (50%); 
1 i g h t  gray (2.5Y 812) t o  pa le  y e l l o w  (2.5Y 813) 
( d r y )  w i t h  s t reaks  of i r o n  s t a i n i n g  on j o i n t s ,  
r o o t  casts, and coarser  beds, b r i g h t  ye1 1 owi sh 
brown (10YR 716) t o  brown (7.5YR 318); we l l  
s t r a t i f i e d  w i t h  i n te r l aye red ,  even, uniform, 
p a r a l l e l  beds 1 t o  15 cm t h i c k ;  p lanar  cross- 
t r a t i  f i c a t i o n  i n  some f i n e  sand beds, curved, 
t angen t i a l  f o r s e t s  (5  t o  8 cm wide, 2-4 cm t h i c k )  
i n  coarse sand lenses (5  t o  10 cm t h i c k  ); some 
c l a y - s i l t  drapes; s i l t  beds have moderate f i n e  
angular  b locky s t r u c t u r e  and d iscont inuous con- 
cen t ra t i ons  o f  stage I 1  carbonate (1-2 cm t h i c k )  
near upper bed contacts;  moderate t o  s t rong  HC1 
react ion;  abrupt  smooth boundary. 

C Massive f i n e  sandy s i l t  t o  c layey s i l t ;  l i g h t  
ye l l ow  orange (7.5YR 813) t o  d u l l  orange (7.5YR 
614) w i t h  common v e r t i c a l  mot t les ,  orange (7.5YR 
618) ; moderate very  coarse p r i sma t i c  s t r uc tu re ;  



1 t o  10 cm t h i c k  c layey s i l t  bed near t o p  o f  u n i t  
and 2 t o  3 cm c layey  s i l t  beds near bottom of 
u n i t  have s tage I- carbonate development, moder- 
a t e l y  t h i c k  carbonate l i n i n g  some pores; moderate 
HC1 reac t ion ;  abrupt  smooth boundary. Samples o f  
c layey u n i t s  f o r  paleomagnetic analys is .  

Depth (m) U n i t  Desc r i p t i on  

Massive ve ry  f i n e  t o  s i l t y  f i n e  sand; l i g h t  
y e l l o w  orange (7.5YR 813) t o  d u l l  orange (7.5YR 
715 w i t h  r a r e  v e r t i c a l  s t reaks,  orange (7.5YR 
618 1 ; weak very  coarse p r i s m a t i c  s t r u c t u r e ;  weak 
HC1 reac t ion ;  abrupt  wavy t o  i r r e g u l a r  boundary 
(probable  unconformi t y  ). Dispersed gastropods 
throuahout u n i t  i n c l u d i n a  Zon i to ides  arboreus. 
~ucon;lus fu l vus ,  Discus-cronkhi  t e i  , ~ a l  l o n i a -  
c v c l  oohorel  1 a. V. ~ u l  che l  1 a. P u ~ i  1 1 a b l  andi . . - , -  
GHstrbc ip ta  h o l z i n g e r i  (E. i v a n b f f  , w r i t t e n '  
comm., 1980). 

3.5-4.5 A Coarse grave l ;  p a l e  orange (5YR 813) t o  l i g h t  
y e l l o w  orange (7.5YR 813) w i t h  some Fe and Mn 
s t a i n i n g  i n  upper 20 cm, y e l l o w  orange (7.5YR 
718); 50% pebbles, 30% cobbles, and 2% boulders  
(max '40 cm) unevenly d i s t r i b u t e d  i n 1 enses; weak 
s t r a t i f i c a t i o n  w i t h  even, uni form, d iscont inuous,  
p a r a l l e l  beds 50-100 cm t h i c k ;  a n g u l a r i t y  1 = 0, 
2 = 0, 3 = 1, 4 = 7, 5 = 30, 6 = 12; l i t h o l o g y  
mos t l y  U in ta  M t .  Group q u a r t z i t e  w i t h  some 
l imestone; m a t r i x  medium t o  coarse sand w i t h  
d iscont inuous moderately t h i c k  s i l t  coat ings on 
t o p  o f  c l as t s ;  HC1 r e a c t i o n  weak t o  none; very 
few t h i n  carbonate coa t i ng  bottom of c l a s t s  i n  
upper 20 cm; slump from 4.5 m t o  f l o o r  o f  p i t  a t  
6.9 m. 
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MICROSEISMIC INVESTIGATION 

I n  an at tempt t o  p rov ide  a d d i t i o n a l  da ta  p e r t a i n i n g  t o  earthquake 
hazards near USBR damsites along t h e  south f l a n k  of t h e  Uintas,  a micro- 
seismic survey was conducted. Th is  survey i nvo l ved  about 6 months o f  
mon i to r ing  f o r  microearthquakes along t h e  south f l a n k  o f  t he  U in ta  
Mountains i n  t h e  v i c i n i t y  o f  Taskeech and Upper S t i l l w a t e r  damsites 
du r i ng  t h e  months o f  May through October 1980. The s p e c i f i c  d e t a i l s  o f  
t h i s  microearthquake i n v e s t i g a t i o n  w i l l  be discussed below beginning 
w i t h  a s e c t i o n  on data a c q u i s i t i o n  which w i l l  descr ibe t h e  t ype  o f  
ins t rumenta t ion  used and t h e  procedures fo l lowed i n  t h e  f i e l d .  Th is  
w i l l  be fol lowed by a d e s c r i p t i o n  o f  t h e  da ta  reduc t ion  techniques. 
Resul ts  o f  t h i s  study can be found i n  sec t i on  4.1. 

Data A c q u i s i t i o n  

The ins t rumenta t ion  used du r i ng  t h i s  study inc luded  up t o  12 shor t -  
per iod, high-gain,  po r t ab le  seismograph systems. Each f i e l d  u n i t  con- 
s i s t e d  of  a W. F. Sprengnether Instrument Company model MEQ 800 
amp l i f i e r l r eco rde r ,  a Mark Products L-4C seismometer, and an ex te rna l  
+12-vol t gel  - c e l l  b a t t e r y  pack. - 
The MEQ 800 ampl i f i e r l r e c o r d e r  i s  a se l f -conta ined,  weatherproof i n s t r u -  
ment, weighing about 14.5 kg, t h a t  uses a metal  s t y l u s  t o  w r i t e  records 
on drum-mounted smoked paper. The drum r o t a t i o n  and s t y l u s  t r a n s l a t i o n  
speeds a re  v a r i a b l e  and a l l o w  f o r  up t o  16 days o f  cont inuous record ing 
be fo re  r e q u i r i n g  a change of paper. Record t i m i n g  marks a t  i n t e r v a l s  o f  
seconds, minutes, and hours a re  prov ided by an i n t e r n a l  c r y s t a l  c lock  
w i t h  a manufacturer's quoted average s t a b i l  i t y  of about +5 x 10-8/day 
(0.004320 secondlday). A po r t ab le  c r y s t a l  c lock  ( ~ p r e n ~ z e t h e r  model 
TS-400) was used t o  p e r i o d i c a l l y  r ese t  t h e  i n t e r n a l  c locks. 

Opt ional  s igna l  cond i t i on ing  i s  prov ided by an a t tenua to r ,  h igh-  and 
low-cut f i l t e r s ,  and a maximum pen d e f l e c t i o n  1 i m i t e r .  Maximum ampl i f i -  
c a t i o n  occurs a t  a d i a l  s e t t i n g  o f  120 dB. Gains can be reduced i n  6-dB 
increments down t o  a s e t t i n g  o f  60 dB. Ava i l ab le  h igh-cut  f i l t e r  se t -  
t i n g s  a re  5, 10, 30, and 70 ( o u t )  Hz. Low-cut f i l t e r s  can be se t  t o  0.3 
( ou t ) ,  5, 10, and 30 Hz. The manufacturer 's  quoted t y p i c a l  vo l tage  sen- 
s i t i v i t i e s  f o r  var ious f i l t e r  combinations a t  maximum ga in  a re  shown on 
f i g u r e  D.1. The vo l tage  response c h a r a c t e r i s t i c s  f o r  t h e  a m p l i f i e r 1  
recorder  a re  shown on f i g u r e  D.2. The s t y l u s  can be l i m i t e d  t o  maximum 
d e f l e c t i o n s  o f  5, 10, o r  25 mm. 

The seismometers used t o  de tec t  ground motions were Hark Products model 
L-4C l-Hz v e r t i c a l  component geophones. The L-4C i s  a v e l o c i t y  respon- 
s i v e  transducer w i t h  a f l a t  frequency response from about 2.5 t o  50 Hz. 
These very s e n s i t i v e  instruments a re  i d e a l  f o r  de tec t i ng  shor t -per iod,  
low-amplitude seismic waves t y p i c a l l y  generated by microearthquakes. 
They can e a s i l y  be sa tu ra ted  by noise, however, and there fo re  requ i re  
extremely q u i e t  s i t e s  f o r  optimum performance. The maximum s e n s i t i v i t y  
c h a r a c t e r i s t i c s  f o r  t h e  combined HEQ 800lL-4C seismograph system i s  
shown i n  f i g u r e  D.3. 



1 .o 10 
FREQUENCY Hz 

Figure D.1. Typical  vol tage s e n s i t i v i t y  a t  niaximum gain  f o r  the 
l lEQ 800 amp1 i f  i er / recorder .  



Figure D . 2 .  Voltage response c h a r a c t e r i s t i c s  f o r  the  MEQ 800 
amp1 i f i e r / r e c o r d e r  (normalized t o  u n i t y ,  both f i  1 t e r s  "OUT"). 
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Figure D.3.  Maximum s e n s i t i v i t y  f o r  the HEQ 800/L-4C seismograph system. 
D i s p l a c e m y t  - Sd cm/cm, Ve loc i ty  - Sv cm/cm/sec. Accelerat ion - Sa 
cm/cm/sec . 



The microseismic mon i to r ing  commenced t h e  f i r s t  week o f  May 1980 w i t h  
t h e  i n s t a l l a t i o n  o f  t h ree  seismographs. Three more seismographs were 
opera t iona l  by May 19, and a  seventh s t a t i o n ,  i n i t i a l l y  intended t o  be 
opera t iona l  i n  May, experienced mechanical problems and was f i n a l l y  
i n s t a l l e d  on J u l y  11, a f t e r  being repa i red  by t h e  manufacturer. Four 
a d d i t i o n a l  ins t ruments on loan from t h e  USGS were opera t iona l  by t h e  end 
o f  August, and t h e  12th seismograph, a l so  USGS-owned, was i n s t a l l e d  on 
September 25, 1980. The microsei  smic ar ray,  encompassing about 660 km2, 
operated u n t i l  November 1, 1980. 

The poss ib l e  s t a t i o n  d i s t r i b u t i o n s  and con f i gu ra t i ons  were l i m i t e d  by 
several  f a c t o r s  i n c l u d i n g  1  arge study area, mountainous and i naccessi b l  e  
t e r r a i n ,  and t h e  presumed a v a i l a b i l i t y  o f  o n l y  seven seismographs w i t h  
which t o  sample t h e  se i sm ic i t y .  A f t e r  several  weeks o f  s t a t i o n  read- 
justments,  a network c o n f i g u r a t i o n  was a r r i v e d  a t  t h a t  was be l ieved  t o  
be capable of p rov id i ng  s u f f i c i e n t  coverage along t h e  South Flank f a u l t  
as we l l  as t h e  adjacent area t o  t h e  south. The a r ray  cons is ted  o f  s ta -  
t i o n s  BKN, LFK, PGN, CWH, RCK, and YLG, as shown i n  p l a t e  2.  

When t h e  seventh seismograph was repa i red  and returned, i t  was i n s t a l l e d  
a t  s t a t i o n  MLK. The drum r o t a t i o n  speed was se t  t o  record a t  120 mm per  
minute, there.by r e q u i r i n g  d a i l y  record changes. Most o f  t h e  l o c a l l y  
recorded s e i s m i c i t y  was o r i g i n a t i n g  i n  t h e  ep i cen t ra l  area o f  t h e  
September 30, 1977, earthquake, h e r e i n a f t e r  r e fe r red  t o  as t h e  Bear 
Wal 1  ow area. Some a c t i v i t y  , however, was o r i  g i  n a t i  ng ou ts ide  t h e  ne t -  
work t o  t h e  west. The a r ray  was readjusted i n  August when t h e  
seismograph a t  s t a t i o n  LFK was moved t o  s t a t i o n  RCN and t h e  seismograph 
a t  s t a t i o n  MLK was moved t o  s t a t i o n  HCN. Th is  new s t a t i o n  d i s t r i b u t i o n  
s i g n i f i c a n t l y  increased t h e  t ime  requ i red  t o  change records each day; 
there fo re ,  t h e  record ing  speed was reduced t o  60 mm per  minute and 
records changed every 2 days. 

The consensus a t  th . is  t ime  was t h a t  t h i s  s t a t i o n  a r ray  would s u f f i c e  f o r  
t h e  remainder of  t h e  study. The a v a i l a b i l i t y  of f i r s t  four,  and l a t e r  
f i v e ,  seismographs from t h e  USGS, however, prov ided a unique oppor tun i t y  
t o  increase t h e  s t a t i o n  coverage i n  t h e  Bear Wallow area. Th is  
r e s u l t e d  i n  t h e  occupat ion o f  s t a t i o n s  TFL, BAR, BWL, CSP, PTR, WLD, and 
KNF. A t o t a l  o f  19 s t a t i o n s  was occupied du r i ng  t h e  e n t i r e  study. 

The ac tua l  s i t e  s e l e c t i o n  was g r e a t l y  dependent on t h e  a v a i l a b i l i t y  o f  
competent outcrops, road accessi b i  1 i t y  , wind no i  se, and c u l t u r a l  
e f f e c t s ,  i n c l u d i n g  veh i cu la r  t r a v e l ,  fence l i n e s ,  i r r i g a t i o n  canals, 
animal g raz ing  pat terns,  and poss ib le  hun te r  and camper i n te r ven t i on .  
Most seismometers were cemented t o  bedrock outcrops t o  assure adequate 
coupl ing, and i n  a l l  cases t h e  seismometers and cables were bu r i ed  t o  
reduce wind-generated noise. I n  t h e  Bear Wallow area, t h e  l ack  o f  
bedrock outcrops due t o  t h e  predomenance of till, outwash, and a l luv ium 
requ i red  coup l ing  w i t h  these s u r f i c i a l  depos i ts  and resu l t ed  i n  lower 
gains. Th is  d i d  no t  present a  problem, however, due t o  t h e  c l ose  
p rox im i t y  o f  those s t a t i o n s  t o  t h e  ep icen te rs  o f  those earthquakes they 
were in tended t o  detect .  The p e r t i n e n t  s t a t i o n  parameters a re  l i s t e d  i n  
t a b l e  D.1. F igure 0.4 i l l u s t r a t e s  t h e  d a i l y  opera t iona l  s t a tus  o f  t h e  
occupied seismograph s ta t i ons .  



Tab le  D.1. - Seismograph s t a t i o n  parameters 

E l e v  Date Date Days No. P Gain** 
STN N. L a t  W. Long (m) Open Closed Run P icks  (dB) Outcrop 

I ND 
PWS 
BKN 
RCK 
LFK 
Y LG 
P GN 
CWH 
MLK 
HCN 
RCN 
P TR 
TFL 
BWL 
W LD 
CSP 
TPT 
BAR 
KNF 

Sandstone* 
Sandstone* 
Sandstone 
Shale* 
Sandstone* 
Boulder*  
Sandstone* 
Sandstone* 
Sandstone* 
Q u a r t z i t e *  
L i  mest one* 
Sands tone* 
D r i  f t  
n r i  f t  
Q u a r t z i t e *  
Sandst one* 
D r i  f t  
Roulder*  
A1 1 uvium 

* I n d i c a t e s  seismometer cemented t o  outcrop.  
** Re fe rs  t o  MEQ 800 a m p l i f i e r  d i a l  s e t t i n g .  
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F igure D.4.  D a i l y  o p e r a t i o r ~ a l  s ta tus  o f  seismograph s t a t i o n s  occupied i n  1980. 
Hor izonta l  bar  i n d i c a t e s  per iod  o f  operat ion.  
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The achievable a m p l i f i e r  ga in  s e t t i n g s  on t h e  MEQ 800's ranged from 
84 dB f o r  t h e  s t a t i o n s  s i t u a t e d  i n  a l l uv i um and d r i f t  t o  108 dB f o r  
s t a t i o n  RCK which was f o r t u i t o u s l y  l oca ted  300 m w i t h i n  t h e  Upper 
S t i l l w a t e r  Tunnel, as i t  was no t  under cons t ruc t i on  du r i ng  t h e  study. 
Maximum pen d e f l e c t i o n  was se t  t o  25 mm w i t h  low- and h igh-cu t  f i l t e r s  
se t  t o  5 and 10 Hz, respec t i ve ly .  These inst rument  s e t t i n g s  correspond 
t o  ground displacement magn i f i ca t ions  o f  2.32 x  105 t o  3.72 x  106 a t  
10 Hz. 

The MEQ 800 i n t e r n a l  c r y s t a l  c locks  were synchronized w i t h  a  po r tab le  
"master" c r y s t a l  c lock  (Sprengnether model TS-400) a t  t h e  begi nn i  ng and 
end o f  each 24; o r  48-hour record. The p o r t a b l e  master c lock  was 
synchron~zed w i t h  WWV ( t i m e  standard broadcast by Nat ional  Bureau of 
Standards) i n  t h e  morning before going t o  t h e  s t a t i o n s  and again a t  t h e  
complet ion of t h e  route,  t y p i c a l l y  8  t o  10 hours l a t e r .  Two master 
c locks  were used dur ing  t h i s  study. The f i r s t  c lock  d r i f t e d  from 10 t o  
30 m i l l i seconds  du r i ng  t h e  course o f  t h e  day. Th is  d r i f t  was 1 i n e a r l y  
i n t e r p o l a t e d  t o  determine t h e  co r rec t i ons  t o  be made t o  t h e  MEQ 800 
c l ock  d r i f t s  as determined a t  each s ta t i on .  The master c lock  used 
du r i ng  t h e  second h a l f  o f  t h e  study was more s t a b l e  and usua l l y  d r i f t e d  
l e s s  than  2  mi l l i seconds  i n  a  10-hour per iod;  thus, no a d d i t i o n a l  
c o r r e c t i o n  was necessary. 

Data Reduction 

The hypocenters o f  events recorded a t  t h r e e  o r  more s t a t i o n s  were de te r -  
mined by computer program HYPO71 (Lee and Lahr, 1975). The program uses 
Geiger 's  method (Geiger, 1912) t o  compute 1  a t i t ude ,  1  ongi tude, and f oca l  
depth by min im iz ing  t h e  res idua l s  between observed and ca l cu la ted  
a r r i v a l  t imes i n  terms o f  l e a s t  squares. The a r r i v a l  t imes from a  t r i a l  
hypocenter a re  computed f o r  a  ho r i zon ta l  m u l t i l a y e r  v e l o c i t y  model by a  
technique developed by Eaton (1969). 

The compressional wave v e l o c i t y  model used f o r  processing da ta  recorded 
du r i ng  t h i s  study i s  t h a t  used by t h e  USGS du r i ng  t h e  1977 af tershock 
study, and i s  shown on f i g u r e  D.5. The P wave v e l o c i t y  o f  t h e  upper 
3.8 km o f  s t r a t a  was der ived  from sonic  l ogs  from a  Gu l f  O i  1  exp lo ra t i on  
w e l l  i n  T. 1 N., R. 4 H., near t h e  Yellowstone R iver  ( p l .  2). The 
v e l o c i t i e s  f o r  t h e  remainder o f  t h e  model were der i ved  from Rayleigh 
wave d i spe rs i on  s tud ies  conducted i n  t h e  U i n t a  Basin ( K e l l e r  and others ,  
1976). P wave s t a t i o n  de lays were computed based on a  v e l o c i t y  o f  
4.22 km per  second, and t h e  d i f f e r e n c e  between s t a t i o n  e l eva t i on  and a  
datum o f  2300 m above sea l eve l .  The S wave v e l o c i t i e s  used i n  t h e  
s o l u t i o n  were computed from t h e  P wave v e l o c i t i e s  assuming a  Poisson 
r a t i o  o f  0.25. 



VELOCITY 
( km./ sec.) 

DEPTH TO TOP 
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(k m.) 

6.7 1 7 . 0  5.0 

6 .9  2 2 . 0  18.0 

7 . 8  40.0 SEMI-INFINITE 

Figure D. 5. P-wave velocity model. 



The average seismograph c lock  was found t o  d r i f t  20 t o  50 m i l l i seconds  
per  day. Th is  d e v i a t i o n  from W W V  was 1  i n e a r l y  i n t e r p o l a t e d  over t h e  
e n t i r e  record  t o  a r r i v e  a t  t h e  appropr ia te  net  d r i f t s  f o r  each recorded 
event. Earthquake a r r i v a l  t imes were manually determined us ing  a  p r e c i -  
s i on  micrometer t h a t  had inheren t  p i c k i n g  e r r o r s  of l e s s  than 20 m i l l i -  
seconds. The o v e r a l l  accuracy o f  P wave a r r i v a l  t imes was +0.05 second 
f o r  24-hour records where t h e  record ing  speed was 120 mm p e r  minute, 
and +0.1 second f o r  48-hour records where t h e  record ing speed was 
60 fi per  minute. S a r r i v a l  t imes, when ava i l ab le ,  are probably i n  
e r r o r  by as much as 0.5 second due t o  single-component recording, and, 
there fo re ,  poo r l y  de f ined  S waves. 

The magnitudes of l oca ted  microearthquakes, as computed by HYP071, are 
based on t h e  du ra t i on  o f  t h e  coda. With a  s u f f i c i e n t  data s e t  a  good 
est imate of t h e  R i ch te r  magnitudes can be obta ined from an empi r i ca l  
r e l a t i o n  of t h e  form: 

I n  t h i s  equation, Md i s  t h e  du ra t i on  magnitude, t i s  t h e  s igna l  du ra t i on  
i n  seconds, d  i s  t h e  ep i cen t ra l  d is tance  i n  k i lometers ,  and h  i s  t he  
focal  depth i n  k i lometers  (Lee and Stewart, 1981). a l ,  a2, a3, and aq 
a re  empi r i ca l  constants determined by comparing s igna l  du ra t i on  w i t h  
R i ch te r  magnitudes f o r  a  s e t  o f  earthquakes, account ing f o r  f oca l  depth 
and ep i cen t ra l  d istance. With respect t o  t h e  MEQ 800 seismograms, t h e  
s i gna l  du ra t i on  was de f ined  as t h e  t ime  i n  seconds from t h e  onset o f  t he  
P wave a r r i v a l  t o  t h e  p o i n t  where t h e  s igna l  begins t o  get  l o s t  i n  t h e  
noise. Th is  p o i n t  i s  approximately where t h e  s igna l  t o  no ise  r a t i o  
dec l i nes  t o  l e s s  than 1.5. Dur ing t h e  study, t h e r e  were t o o  few ear th -  
quakes t o  so lve  f o r  spec ia l  constants f o r  t h e  U in ta  Front.  Therefore,  
t h e  constants der i ved  f o r  cen t ra l  C a l i f o r n i a  by Lee, Bennet, and Meagher 
(1972) were used t o  a r r i v e  a t  est imates o f  R i ch te r  magnitudes. The 
appropr ia te  equat ion i s :  

It should be emphasized, however, t h a t  t h e r e  a re  several  problems w i t h  
us ing  t h i s  method t o  c a l c u l a t e  equ iva len t  R i ch te r  magnitudes f o r  these 
microearthquakes i n  Utah. 

F i r s t ,  though t h e  a p p l i c a t i o n  o f  du ra t i on  magnitude i s  becoming w ide ly  
used throughout t h e  world, t h e r e  e x i s t s  no un i  versa1 l y  accepted d e f i n i  - 
t i o n  o f  t o t a l  s igna l  durat ion.  The constants der i ved  f o r  c e n t r a l  
Cal i f o r n i  a  r e s u l t  from a r b i t r a r i l y  assuming t h a t  t h e  s igna l  ends when 
t h e  peak-to-peak ampl i tude f a l l s  below 1 cm as viewed on a Geotech 
develocorder viewer. Though t h i s  d e f i n i t i o n  a l lows f o r  i n t e r n a l  con- 
s i s t ancy  and r e p r o d u c i b i l i t y  among i n d i v i d u a l  develocorder users, i t  
does no t  lend i t s e l f  very  we l l  t o  MEQ 800 records where 1 cm spans 10 o r  
more t races.  Because o f  t h i s  small sca le  recording, t h e  du ra t i on  o f  t he  
coda was chosen t o  be t h e  p o i n t  where t h e  s igna l  and no ise  a re  i n d i s t i n -  
gu i  shabl e. Obviously , t h i s  i s  g r e a t l y  dependent on t h e  background noise 
l e v e l  a t  t h e  t ime  of t h e  event. Thus, r e l a t i v e  t o  a q u i e t  day, some 



microearthquakes may be underestimated i f  t h e  background no ise  l e v e l  i s  
high. The s e v e r i t y  of t h e  s i t u a t i o n  i s  lessened, however, by con- 
s i d e r i n g  t h a t  t h e  s igna l  du ra t i on  en te rs  i n t o  t h e  c a l c u l a t i o n  on ly  as a  
l o g  f u n c t i o n  and t h a t  t h e  computed magnitude i s  an average of many 
s ta t i ons .  

A second problem w i t h  app ly ing  t h e  C a l i f o r n i a  equat ion t o  Utah ear th-  
quakes r e s u l t s  from a  probable d i f f e r e n c e  i n  t h e  seismic wave a t t en -  
u a t i o n  c h a r a c t e r i s t i c s  o f  t h e  two regions. A t tenua t ion  w i t h i n  t h e  
cont iguous Uni ted States has been shown t o  be g rea te r  and q u i t e  v a r i a b l e  
west o f  t h e  Great P la i ns  ( N u t t l  i , 1973). Isoseismic data i n d i c a t e  
a t t enua t i on  i s  r e a t e r  i n  coasta l  C a l i f o r n i a  than i n  t h e  Mountain States 
(Evernden, 19753. I n  t h e  frequency range 1 t o  10 Hz, and f o r  d is tances 
up t o  150 km, a t t enua t i on  appears t o  be g rea te r  i n  Utah than i n  
C a l i f o r n i a  (K ing and Hays, 1977). G r i  scom (1980), however, has shown 
t h a t  t h e  R i ch te r  magnitude scale,  as o r i g i n a l  l y  de f ined  (R ich te r ,  1958), 
i s  gene ra l l y  app l i cab le  t o  Utah ( w i t h i n  +0.3 magnitude u n i t s ) .  Thus, 
s ince  t h e  c o e f f i c i e n t s  developed f o r  cen r ra l  Cal i f o r n i  a  were empi r i ca l  l y  
der i ved  from earthquakes whose magnitudes were computed based on 
R i c h t e r ' s  d e f i n i t i o n ,  they  may p rov ide  reasonable approximations i n  
Utah. 

One a d d i t i o n a l  problem r e l a t e s  t o  t h e  range o f  magnitudes f o r  which t he  
empi r i ca l  r e l a t i o n s h i p  f o r  Cal i f o r n i a  i s  appl icab le.  The o r i g i n a l  data 
se t  o f  Lee, Bennet, and Meagher (1972) inc luded  earthquakes i n  t h e  
magnitude range 1.75 t o  4.75. Recent s tud ies  have shown t h a t  i t  i s  no t  
j u s t i f i a b l e  t o  ex t rapo l  a t e  coda 1  ength magnitude r e l a t i o n s  down below 
about magnitude 1.5 w i t hou t  spec ia l  c a l  i b r a t i o n  (Bakun and L i  ndh, 1977; 
Suteau and Whitcomb, 1979). The a f te rshocks  o f  t h e  September 30, 1977, 
earthquake i l l u s t r a t e  t h e  need f o r  spec ia l  c a l i b r a t i o n  i n  t h e  study 
area. The n ine  p rev ious l y  mentioned m i  s l  ocated af tershocks i n d i c a t e d  by 
open c i r c l e s  i n  p l a t e  1 have magnitudes ranging from 1.7 t o  3.0 ML, as 
de f ined  by t h e  U n i v e r s i t y  o f  Utah telemetered seismic network. The 
telemetered seismic network opera t ing  a t  t h e  t ime  o f  t h e  1977 ear th-  
quakes has remained e s s e n t i a l l y  unchanged i n  p rox im i t y  t o  t h e  study area 
through 1980. None o f  t h e  earthquakes recorded du r i ng  t h e  1980 micro- 
seismic mon i to r ing  program, however, a re  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 ca ta l og  ( U n i v e r s i t y  o f  Utah, 1982). Th is  i s  i n  d i r e c t  
c o n f l i c t  w i t h  t h e  f a c t  t h a t  17 o f  t h e  1980 microearthquakes have magni- 
tudes, as de f ined  by t h e  du ra t i on  magnitude method, i n  t h e  range 1.7 t o  
2.6. 

Th is  need f o r  c a l i b r a t i o n  i s  f u r t h e r  subs tan t ia ted  by data recorded 
du r i ng  t h e  USGSIUU 1977 af tershock study. A magnitude 2.0 earthquake, 
apparent ly  mis located because o n l y  data from t h e  te lemet ry  network were 
used i n  t h e  s o l u t i o n  (Rich ins,  1979), i s  i n d i c a t e d  on p l a t e  1 as t h e  
open c i r c l e  loca ted  f u r t h e s t  t o  t h e  southwest. Th is  earthquake was 
recorded by an MEQ 800 seismograph used i n  t h e  af tershock study a t  t h e i r  
s t a t i o n  TOW on October 15, 1977. The du ra t i on  o f  t h i s  event on t h e  MEQ 
800 seismogram i s  about 80 seconds. Based on t h e  C a l i f o r n i a  du ra t i on  
c o e f f i c i e n t s ,  an 80-second du ra t i on  should correspond t o  about magni- 
tude  3. Thus, i t  appears t h a t  a t t enua t i on  i s  l e s s  i n  Utah than i n  



C a l i f o r n i a  and t h a t  t h e  values computed f o r  t h e  1980 microearthquakes 
may be overest imated by as much as an o rder  o f  magnitude. 

Since i t  was no t  poss ib l e  t o  c a l i b r a t e  t h e  data recorded du r i ng  t h i s  
microearthquake i n v e s t i g a t i o n  and because o f  t h e  o the r  mentioned 
problems of a p p l i c a b i l i t y ,  t h e  values computed us ing  t h i s  method a re  
c l e a r l y  on l y  crude est imates o f  R i ch te r  magnitudes. They a re  on l y  
impor tant  i n  represent ing t h e  r e l a t i v e  s i z e  o f  an event versus t h e  o ther  
loca ted  microearthquakes recorded du r i ng  t h i s  study. 
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