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SUMMARY 

The most l i kely sources for earthquakes i n  the v ic in ity of Monks Hol l ow Da m 
are the Wasatch faul t wi th a Maxi mum  Credi bl e  Earthquake (MCE ) of Ms = 7 1/2 
at a di stance of 15  km, the Li ttl e Di amond Creek faul t wi th an MCE of 
Ms = 6 3/4 at a di stance of 6 km, and a random earthquake source wi th an 
MCE of ML = 6 to 6 1/2 i n  the immediate vi ci n i ty of the dam. A north
trendi ng normal faul t has been i denti fied in the foundation of the proposed 
dam, but geol ogi c evi dence shows that there has been no surface di spl acement 
on thi s fau l t  si nce at l east 350 ,000 years ago . Therefore , no surface 
dtsplacements should be constdered in the deSign and analysts of the dam. 

Geol ogi c stUdies have al so shown that other north-trendi ng normal faul ts i n  
the vi ci n i ty of the da m need not be cons idere d  potenti al  sources for l arge
magni tude earthquakes . Longi tudi nal strea m profi l es constructed from the 
correl ation of mi ddle  and l ate Quaternary terrace re mnants al ong the Di amond 
Fork Ri ver project across the Sams Canyon faul t zone and the F-seri es faul ts .  
These profi l es show no evi dence of di srupti on , i ndi cating that no surface 
di spl acements have occurred on these faul ts i n  at l east the l ast 150 ,000 
years . In addition , exposures of undi sturbed , dated al l uvial  deposi ts 
overlyi ng the F5 faul t precl ude surface di spl acements on thi s faul t i n  at 
l east the l ast 350 ,000 years . The faul ts i n  the v iC in ity of the da m are 
wi thi n and adjacent to the Di amond Fork anti cl i ne ,  a north-trending fol d i n  
the upper pl ate o f  the l ate Cretaceous Charl eston thrust faul t .  The Sa ms 
Canyon faul t  zone di spl aces l ower Terti ary rocks on the east margi n of the 
anti cl i ne about 2 km west of the da msi te ;  north-trendi ng normal faul ts , the F
series fau l ts ,  have been mapped in the crest of the fol d in the immedi ate 
v ic in ity of the dam. 

The ISB ( Intermountain  sei smi c  bel t ) i s  a 100-km-wi de zone of contemporary 
sei smi ci ty on the eastern margi n of the Basi n and Range Provi nce that i s  
consi dered to have the hi ghest level of earthquake ri sk i n  the Uni ted States 
outsi de of Cal i fornia  and Nevada . Physiography , north-trendi ng l ate Cenozoi c 
and l ate Quaternary normal faul t patterns , and geolog ic  and sei smologic  
studies of  hi stori cal earthquakes show that the l ate Cenozoi c  evol uti on of 
thi s region has been domi nated by general ly  east-west crustal extension .  
Large- magni tude earthquakes ( M  > 6 3/4) have occurred at focal depths of 10 
to 1 5  km on mapped faul ts wi th an i denti fi abl e  hi story of l ate Quaternary 
« 125,000 years ) surface di splacements, and future l arge-magn i tude 
earthquakes  are al so expected to occur on l ate Quaternary faul ts .  Moderate
magni tude earthquakes (M < 6 3/4)  have occurred at depths of 8 to 15 km on 
"bl i nd "  fau l ts that have not been mapped at the surface , and future moderate
magni tude earthquakes can be expected to occur i n  the vi ci ni ty of any s ite i n  
the ISB . 

The proposed Monks Hol l ow Dam and Reservoi r  are l ocated i n  the southern 
Wasatch Mountai ns on the Di amond Fork Ri ver ,  a tri butary of the Spani sh Fork 
whi ch fl ows i nto Utah Lake south of Provo , Utah . Conceptual desi gn studies 
for a 103 m ( 339 ft ) h igh , 235 m ( 770 ft ) l ong , doubl e-curvature arch dam 
have been completed . The proposed 30 ,000 acre-ft reservoi r wi l l  have a 
maxi mum water depth of about 70 m ( 230 ft ) .  Thi s report provides MCEs 
(Maxi mum Credi bl e  Earthquakes ) for des ign and analysi s of the dam, di scusses 
other sei smotectoni c  hazards to the dam and reservoi r ,  and supersedes the 
prel i mi nary assessment of earthquake hazards for Monks Hol l ow dams ite 
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provi ded i n  our memorandum of August 12 ,  198 1 .  The l evel of i nvestigation 
conducted for thi s report , together with the Central Utah Regional 
Sei smotectoni c  Study ( Sul l i van and others , 1986 ) , are considered adequate for 
fi nal desi gn considerati ons .  No further sei smotectoni c  investi gations are 
recommended at thi s time . 
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1 .  MAXIMUM C REDI BLE EARTHQUAKES AND RELATED SE ISMIC HAZARDS 

Maximum Cred i bl e  Earthquakes (MCEs ) for potenti al  sei smi c sources of moderate
and l arge-magn i tude earthquakes i n  the vi c i n i ty of Monks Hol l ow Damsi te are : 
an MCE of Ms = 7 1/2 for the Wasatch fau lt  at a di stance of 15  km , an MCE of 
Ms = 6 1/2 to 6 3/4 for the Li ttl e Diamond Creek faul t at a di stance of 6 km , 
and an MCE of ML = 6 to 6 1/2 for the random earthquake in  the immediate 
vi ci n i ty of the dam ( tabl e 1). No add i tional , s igni fi cant sei smi c hazards 
rel ated to the construction of the dam have been i denti fied . 

Tabl e 1 - Maximum Credib le  Earthquakes for Monks Hol l ow Dam 

Cl osest Average 
Earthquake approach Focal Return 
Source MCE to s i te depth Period 

(Ms) (km) ( km) ( ka) 
--------- -------------------------------------------------------------------
Wasatch fau l t  7 1/2 15 10- 15 1 . 7  - 3 . 0* 

Li ttl e Di amond 
Creek fau l t  6 1/2 to 6 3/4 6 10- 15 25 - 100** 

Random 
earthquake 6 to 6 1/2*** l ocal 8- 15  N/A 
----------------------------------------------------------------------------
*Schwartz and Coppersmi th ( 1984) 
**estimated from data on other l ate Quaternary faul ts in the region (Sul l i van 
and others , 1986) 
*** ML 

1 . 1 Maximum Cred i bl e  Earthquakes 

Both sei smol ogic  and geol ogi c studies indi cate that normal faul ting i n  
response t o  east-west extens i on i s  the pri nci pal mode of deformati on i n  the 
back val l eys of the Wasatch Mountains where Monks Hol l ow Damsi te i s  l ocated . 
The Maxi mum Cred ib le  Earthquakes (MCEs) di scussed i n  thi s secti on are 
consi dered d i p-sl i p  earthquakes that are associ ated wi th northerly trending 
normal faul ts .  The focal depth of these earthquakes i s  estimated to be 10 -
15  km. The i denti fi cati on of these sources (fi g .  1)  and the estimates of 
MCEs for these sources are based on the resul ts of previously publ i shed 
i n vesti gati ons and the resu lts of unpubl i shed sei smol ogi cal  and geol ogi cal 
i nvesti gat ions reported in the Central Utah Regional Sei smotectoni c  Study 
(Sul l i van and others , 1986). 

1 . 1 . 1  Wasatch fau l t  

An MCE o f  Ms = 7 1/2 i s  estimated for the Wasatch fau l t  based on the deta i l ed 
stud ies reported by Schwartz and Coppersmi th ( 1984). These studies i ndi cate 
that the s ingl e-event ,  l ate Quaternary rupture l ength of segments of the 
faul t i s  > 30 km and that Hol ocene , s ingl e-event surface di spl acements have 
been > 2 m .  These i n vesti gators concl uded that pa leoearthquakes wi th 
magn i tudes of 6 1/2 to 7 1/2 occurred on the faul t during the l ast few 
thousand years . We concur wi th thi s i nterpretation and assi gn an MCE of Ms = 
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7 1/2 to the Wasatch faul t .  At i ts cl osest approach , the surface trace of 
the Wasatch faul t i s  15 km from Monks Hol l ow Dam (tabl e 1 ) .  

1 . 1 . 2  Li ttl e Di amond Creek fau l t  

An MCE of Ms = 6 3/4 i s  estimated for the Li ttle  Di amond Creek faul t .  Thi s 
faul t  i s  considered to be a potential  sei smi c  source because we i nfer that 
l ate Quaternary di spl acements have occurred on the faul t .  Thi s faul t has 
characteri sti cs simi l ar to other normal faul ts in the back val l eys of the 
Wasatch Mountains  where trench data has shown that l ate Quaternary surface 
di spl acements have occurred . 8ased on an estimated single-e vent , l ate 
Quaternary rupture l ength of 12 km , an MCE of magni tude Ms = 6 1/2 to 6 3/4 
has been ass igned to the Li ttle Diamond Creek fau l t  ( Sul l i van and others , 
1986) . At i ts cl osest approach ,  the Li ttl e Di amond Creek faul t i s  6 km from 
Monks Hol l ow Dam ( tabl e 1 ) . 

1 . 1 . 3  Random earthquake 

A l ocal , random earthquake of ML = 6 1/2 that coul d  occur on faul ts that are 
not expressed in  the surface geol ogy should  be considered a potenti al sei smi c 
source for Monks Hol l ow Damsi te and al l si tes wi thin the Intermountai n  
sei smi c bel t  ( I S8). Cal cul ati ons of probabi l i sti c epi central di stances from 
geologic  and sei smol ogi c  data show that for annual probabi l i ties of 
occurrence of 1/50 000 to 1/ 100 000 an earthquake of magni tude 6 or greater 
cou ld  occur wi thin 5 km of any s ite in thi s portion of the I SB ( Sul l i van and 
others , 1986 ) . As the threshol d for surface faul ti ng i n  the I SB i s  wi thi n 
the magni tude range 6 to 6 3/4 , an MCE of ML = 6 1/2 has been aSSi gned to 
thi s random earthquake source ( Sul l i van and others , 1986 ) .  Thi s random 
earthquake should  be consi dered a l ocal event that could  occur in  the 
immedi ate vi ci n i ty of Monks Hol l ow Damsi te .  

1 . 2  Surface d i s pl acement on fau l ts i n  the dam foundation and reservoi r 

No potential  for surface d i spl acement on faul ts i n  the foundati on and 
reservo i r  needs to be cons idered in the des ign and analys i s  of the proposed 
Monks Hol l ow Dam.  Detai l ed mappi ng has shown that a series of north-trendi ng 
normal faul ts are present at Monks Hol low Damsi te (pl . 1 ). Al though the 
stri ke of these faul ts suggests they may ha ve developed as a resul t of 
Cenozoic  extension (Young , 1978) , they l ack the topographic  expressi on that 
characteri zes l ate Quaternary faul ts i n  the back val l eys of the Wasatch 
Mountains  ( Sul l i van and others , 1986) . The prel iminary al i gnment of the dam 
axi s showed the ri ght abutment cross ing one of the faul ts , the F5 faul t 
(US8R, 1986 ) . The dam al i gnment has not been fi nal i zed , but the current 
desi gn pl an i s  to pl ace the ri ght abutment of the dam downstream of the F5 
fau l t .  Thi s faul t i s  overl ain  by strati fied gra vel and sand deposi ts in  a 
terrace remnant wi th an estimated age of at l east 350 , 000 years . Thi s 
exposure provides di rect e vi dence that , wi th resol ution of a few cm , there 
has been no surface di spl acement on thi s faul t i n  at l east the l ast 350 ka . 
Al though we have concl uded that subsidence associ ated wi th moderate-magni tude 
events may be l ocal i zed as di screte di spl acements on favorably oriented , 
preexi sti ng faul ts in  the I SB ( Sul l i van and others , 1986) , the evi dence 
provi ded by the undi spl aced terrace deposi ts across the F5 faul t shows that 
even sma l l di screte di spl acements have not occurred on thi s faul t i n  the l ast 
350 ka . We concl ude that surface di spl acement on thi s faul t ,  i n  associ ation 
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wi th any of the proposed MCEs , should  not be considered in  the analys i s  of 
Monks Hol l ow Dam.  

1 . 3  Reservoi r i nduced sei smi c ity 

Smal l - and moderate-magni tude earthquakes ha ve resul ted from the impounding 
of reservo i rs ( Sul l i van and others , 1986). These earthquakes are thought to 
be natural l y  occurri ng events that are tri ggered prematurely by the presence 
of the reservoi r.  Large , deep reservoi rs overlying young faul ts seem to be 
the most suscepti ble  to reservoi r-i nduced sei smi ci ty .  Al though faul ts are 
present i n  the proposed Monks Hol l ow Reservoi r ,  i nvesti gati on has shown that 
no surface d i spl acements have occurred on these faul ts in at l east the l ast 
350 ka . The structural hei ght of the proposed dam ( 103 m ) i s  that of a l arge 
dam , but the reservoi r vol ume ( 30 ,000 acre-feet ) i s  smal l .  Al though i nduced 
sei smi ci ty i s  a poss ibi l i ty at Monks Hol l ow Damsi te ,  the magni tudes of 
i nduced earthquakes are l i ke ly  to be smal l .  The l argest i nduced earthquakes 
are not expected to exceed the MCE proposed for the random earthquake . 

1 . 4 Scope of work 

Thi s  sei smotectoni c  report for Monks Hol l ow Damsi te provided HCEs (Maximum 
Cred i bl e  Earthquakes ) for design and analysi s of the dam, di scussed other 
sei smotectoni c  hazards to the dam and reservo i r .  These concl usions supersede 
the prel i mi nary assessment of earthquake hazards for Monks Hol l ow Damsi te 
provi ded i n  a memorandum of August 12,  1981. The concl usions presented in  
thi s report were devel oped from a review of  publ i shed and unpubl i shed 
l i terature , the resul ts of USSR si te geol ogi c i n vesti gations , . recently 
compl eted regional sei smotectoni c  investigati ons in  central Utah reported by 
Sul l i van and others ( 1986), and fiel d i n vesti gati ons i n  the area near the 
dams ite .  These fie ld  i n vesti gati ons i ncl uded : 1 )  mappi ng of the Sams'  Canyon 
and F-series faul ts (Pl . 1 )  by geol ogi sts from the Bonnevi l l e Construction 
Offi ce and the Sei smotectoni c  Section; 2) fi el d  checki ng of l i neaments 
i denti fied duri ng a review of aeri al photographs; 3) descri pti on of soi l 
profi l es i n  test pi ts;  4) preparation of a terrace profi le  along the Di amond 
Fork ri ver; and 5} l oggi ng and sampl i ng of a trench at the dams i te .  

The l e vel  of i n vesti gati on conducted for thi s report , together wi th the 
i n vestigations reported in the Central Utah Regi onal Sei smotectoni c  Study 
( Sul l i van and others , 1986), are consi stent wi th previous USSR practi ce for 
dams i n  the I SS and el sewhere . The concl us i ons provided i n  thi s report are 
recommended for use i n  fi nal desi gn consi derati ons for Monks Hol l ow Dam. 

No further sei smotectoni c  studies are recommended for Monks Hol l ow Damsite .  
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2.  SEISMIC SOURCES IN  THE BACK VALLEYS AND THE INTERMOUNTAIN SEISMIC BELT 

Mon ks Hol l ow Damsi te i s  l ocated  i n  the back val l eys of the southern Wasatch 
Mountains  where the l ate Quaternary d i spl acement hi story of normal faults , 
consi dered together wi th the pri nci pal  characteri sti cs of hi storical 
se i smi c i ty in thi s  Utah port ion of the ISB ,  suggests that two types of 
sei smi c sources are important : 1) a l arge-magn i tude source associated wi th 
normal fau l ts that exhi bi t evidence of recurrent l ate Quaternary surface 
di spl acements , and 2) a moderate-magni tude source associated wi th subsurface , 
bl i nd fau l ts that are not expressed in  the surface geol ogy. 

2 . 1 Late Quaternary fau l ts i n  the back val l eys of the southern Wasatch 
Mountains  

Observati ons of both the l ate Quaternary geo l og ic  record and the record of 
hi storic surface ruptures i n  the ISB and the Bas in  and Range i ndi cate that 
l arge-magn i tude earthquakes occur repeatedl y  on normal faul ts wi th a hi story 
of l ate Quaternary surface d i spl acements . MCEs for these fau l ts are assumed 
to vary i n  magni tude from 6 1/2 to 7 1/2 dependi ng on the l ength of l ate 
Quaternary surface rupture and the s ize of i nd i vidual surface di spl acements . 
Identi fi cation of the fau l ts whi ch are the sources of these MCEs as  wel l  as 
estimates of the earthquake magn i tude , the associ ated surface di spl acement 
(where needed ), and the return peri od are based on geol ogi c  evidence from 
mappi ng and trenching studies .  MCEs have been assi gned to the l ate 
Quaternary fau l ts i n  the vi c i n i ty of Monks Hol l ow Damsi te--the Wasatch faul t  
and the Li ttl e Di amond Creek faul t. 

Fau lt  scarps have formed duri ng three hi stori c  earthquakes i n  the ISB : the 
1934 Hanse l  Va l l ey earthquake of M 6.6 (Shenon , 1936), the 1959 Hebgen Lake 
earthquake of M 7 . 5  (Myers and Hami l ton , 1964), and the 1983 Borah Peak 
earthquake of M 7 . 3  (Crone and Machette , 1984). These hi stori c surface 
ruptures have occurred on fau lts  wi th a history of recurrent l ate Quaternary 
surface di spl acement events . Doser ( 1985) concl udes that l arge-magn i tude 
earthquakes nucl eate at or near the base of the sei smogenic zone at a depth 
of about 15 km and rupture to the surface al ong pl anar normal faul ts d ipping 
450 to 600 forming faul t  scarps on the updi p projection of the causati ve 
fau l ts .  These characteri stics  are assumed for the l ate Quaternary faul ts 
that are considered potenti al sources of l arge-magn i tude earthquakes . 

Potential  sources of l arge-magn itude earthquakes have been i denti fied in  the 
back va l l eys of the southern Wasatch Mountai ns (Sul l i van and others , 1986). 
The back val l eys are Cenozoi c  basins  bounded by normal faul ts that are a part 
of a zone of northerly trending normal faul ts i n  the transiti on zone on the 
eastern margi n  of the Bas in  and Range Provi nce . The crust i n  the Bas in  and 
Range Provi nce has been thi nned by crustal extension accommodated by l ate 
Cenozoi c and l ate Quaternary normal faul ts that bound l i near ,  north-trendi ng 
range b locks . Further east the thicker crust of the Col orado Pl ateau and the 
Mi ddl e  Rocky Mountains has been d i srupted by early Cenozoic  reverse and 
thrust fau l ts .  The interveni ng transition zone i s  an area characteri zed by 
early Cenozoi c thrust faul ts and northerly trending l ate Cenozoi c and l ate 
Quaternary normal faul ts .  Thi s  zone extends east of the Wasatch faul t about 
100 km i nto the Col orado Pl ateau and Middl e Rocky Mounta ins Provi nces. In 
the southern Wasatch Mounta i ns , l ate Quaternary di spl acement has been 
demonstrated on the Wasatch faul t ,  the Strawberry faul t ,  and the faul ts of 
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the Joes Val l ey Graben and has been i nferred on the Li ttle  Di amond Creek 
faul t  and the fau l ts in  Round Val l ey (figs .  1 and 2). 

2. 1 . 1 Wasatch fau l t  

The Wasatch fau lt  i s  the pri nci pal  sei smi c source for l arge-magni tude 
earthquakes  i n  the Utah port ion of the I SB ( fi gs . 1 and 2). Al though other 
normal fau l ts wi th evidence of recurrent l ate Quaternary surface 
d i spl acements are known in  the region ,  the Wasatch faul t has experienced 
l arger , Hol ocene , s ingl e-event surface ruptures and has a shorter estimated 
return period for surface di spl acements than other faul ts i n  the region .  

The Wasatch faul t i s  a ma jor,  l ate Quaternary , range-boundi ng normal faul t 
marki ng the abrupt physi ographi c boundary between the Basin  and Range and 
Col orado P l ateau provinces . The fau lt  extends 370 km north from Gunni son , 
Utah to Mal ad Ci ty ,  Idaho . The faul t trace i s  mapped near the base of the 
triangular  facets that form the west face of the Wasatch Mountains . Late 
Quaternary surface di spl acements are i ndi cated by vegetati on l i neaments and 
scarps i n  l acustri ne sediment of Lake Bonnevi l l e ,  l ate Plei stocene morai nes 
and Hol ocene al l uvial and col l u via l  deposi ts al ong the trace of the faul t .  
Schwartz and Coppersmi th ( 1984) recognize si x major , segments of the Wasatch 
fau lt  based on vari abi l i ty in timi ng of i ndi vi dual events , changes i n  scarp 
morphol ogy , and faul t geometry; Machette ( 1987) has more recently suggested 
that t�e faul t ma¥ consi st of as  many as ten segments . Schwartz and 
Coppersmi th ( 1984) suggest that characteri sti c ,  l arge earthquakes of simi l ar 
s ize are associated wi th a verage surface di spl acements of 2 m or more and 
have an a verage recurrence interval for surface di spl acements of 444 yrs for 
the enti re faul t .  The Provo segment of the faul t ,  the cl osest to Monks 
Hol l ow Damsi te ,  has an estimated recurrence i nterval for surface 
d i spl acements of 1700 to 2600 years. Smi th and Bruhn ( 1984) demonstrate a 
coi nci dence between some segment boundaries and l ocation of l ateral and 
s idewal l ramps i n  l ate Cretaceous thrust faults , and suggest that pre
exi sti ng structure partly control s the pos it ion of segment boundaries of the 
Wasatch fau l t .  They al so present cross sections , based on se i smi c refl ection 
profi l e s ,  depi cti ng subsurface di ps of the Wasatch fault  that are less  than 
the 600 to 800 d ips of the surface scarps . 

The l ack of spatial  correl ation of earthquake epi centers wi th the mapped 
trace of l ate Cenozoi c  faul ts , particularly the Wasatch faul t ,  has been a 
notabl e feature of the I SB i n  Utah si nce the in i tiation of earthquake 
moni tori ng. For the southern part of the Wasatch fau l t ,  based on l ocal 
mi crosei smi c moni tori ng , McKee and Arabasz ( 1982) concl ude that the l ack of 
corre lation of epi centers wi th the Wasatch faul t  i s  not simpl y due to poor 
epi centra1 resol uti on . Expl anations currently under study rel ate to the 
orientati on and behavior of the faul t at depth. Zoback ( 1983) reviews and 
tabul ates d ips measured at the surface for the Wasatch faul t and adjacent 
fau lts as wel l  as focal mechani sm sol utions . McKee and Arabasz ( 1982 , p .  
143) present a "san i ti zed" section across the Wasatch faul t based on 
proprietary sei smi c reflection profi l es whi ch depi cts the fau l t shal l owi ng in  
d ip  i n  the subsurface and becoming nearly hori zontal at  a depth of 6 to 7 km. 

2 . 1 . 2  Li ttl e  Diamond Creek faul t 

The southern segment of the Li ttl e Di amond Creek fau l t  i s  consi dered a 

8 



Uinta Arch 

Mu 

KTu 

I 
, 

" 
/'" �! 

� 

,� \l, ,. 
KTu 

\� 

Scofield 

Res. 

40' 

Pleolant Valley 
Graben 

KTu 

JOOI Valle, 
Graben 

EXPLAN AT I ON 

Qu - Quaternary undivided 
Tw - Middle or lote Tertiary Wanrhodes volcanics 
Tt - Middle Tertiary Tibbie Formation 
Tk - Middle Tertiary K •• t�� volcanics 
Ti - Middle Tertiary intrusives 
Tv - Tertiary Igneous rocks, undivided 
KTu-Cretaceaus and Early Tertiary sedimentary rocks, undivided 
Mu - Jurraslc and alder sedimentary rocks, undivided 

o IOkm � 

c::J- Back valleys' PP- Parleys Park, KMV = Kamas Valley, KV- Keetly Valley, 
HV· Heber Valley, RV- Round Valley, SV- Strawberry Valley 

- - Cenozoic normal faults, dashed where Inferred, bar and bell on downthrown 
side, WF - Wasatch fault 

tID Wasatch fault segment boundaries (Schwartz and Coppersmith, 1984) 
� Thrust faults, dotted where concealed 

Figure 2 - Regional geology of north-central Utah including the back valleys 
of the Wasatch Mountains east of the Wasatch fault. The central 
Wasatch Mountains refers to the area between the Mount Raymond 
and Charleston thrusts. The southern Wasatch Mountains refers 
to the area south of the Charleston thrust and north of the 
Spanish Fork River. Monks Hollow damsite (t) is in the center 
of the figure. 

9 



potential seismic source because geomorphic characteristics suggest that late 
Qu�ternary surface displacements have occurred on this portion of the fault 
(flgS 1 and 2). The 12-km-10ng southern segment of the northeast-striking 
fault is marked by triangular facets and a vegetation lineament along the 
trace of the fault. Paleozoic sedimentary rocks form an escarpment in the 
footwall of the fault and mid-Tertiary volcanic rocks that are tilted about 
200 into the fa�lt form a syncline in the hanging wall (Baker, 1976; Young, 
1978). Triangular facets as much as 400 m high are preserved in the 
Paleozoic rocks along a 12-km-10ng segment at the southern end of the Little 
Diamond Creek fault. A prominent air-photo lineament is also present at the 
base of the triangular facets. The triangular facets and the lineament on 
the trace of the fault are characteristic of late Quaternary faults 
identified elsewhere in the back valleys of the Wasatch Mountains. 

Reconnaissance geologic investigations for this study have provided no direct 
evidence of the age of most recent displacement on the Little Diamond Creek 
fault. Low-sun-ang1e overflights and our review of aerial photos at scales 
of 1:58,000 and 1:15,400 revealed no scarps in unconsolidated deposits 
associated with the fault; however, they also showed that there were no areas 
along the fault where scarps might be expected to have been preserved for 
more than a few thousand years. The most promising location for evaluating 
the age of most recent displacement on this fault is in the canyon where 
Little Diamond Creek crosses the fault (fig. 3). The canyon is as much as 
200 m deep on the hanging wall exposing the Uinta Formation and the overlying 
mid-Tertiary Wanrhodes volcanics. Within the canyon alluvial deposits are 
preserved across the trace of the fault. These deposits have been incised 
only about 1 m by the creek and have a weakly developed soil profile 
indicating they are of Holocene age. On the interf1uves between the canyons 
that dissect the escarpment of the Little Diamond Creek fault, colluvial 
deposits, probably of late Quaternary age, are draped across the trace of the 
fault at the base of the escarpment. No scarps are preserved in these 
deposits, but investigations of the Morgan fault in the northern Wasatch 
Mountains (Sullivan and others, 1986) showed that small scarps «1 m) at or 
near the base of a similar bedrock escarpment were removed in less than 
10 ka. Trench investigations may have provided useful information about the 
age of most recent displacement on the fault, but deep incision of the 
hanging wall deposits precludes backhoe access to suitable trench sites. 

The presence of deformed mid-Cenozoic rocks and the triangular facets 
preserved on the footwall escarpment suggest that the late Quaternary 
displacement history of the Little Diamond Creek fault is similar to that of 
the Morgan and Strawberry faults where trenches exposed displaced late 
Quaternary deposits (Sullivan and others, 1986; Nelson and VanArsdale, 1986). 

The trench stratigraphy indicated that surface displacements of a meter or 
less had occurred on the Morgan fault (Sullivan and others, 1986, chap. 4.2). 
The Little Diamond Creek fault, as well as other faults discussed in Sullivan 
and others (1986), share common characteristics with the Morgan fault; 
therefore, we conclude that late Quaternary surface displacements of a meter 
or less have probably also occurred on a 12-km-10ng segment of the Little 
Diamond Creek fault. 
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2. 1 . 3  Strawberry faul t 

Evidence from trenching of  mul ti ple  faul t scarps i n  al l uvial  fan deposi ts and 
bedrock near the north end of the Strawberry normal faul t (fi g .  2) and from 
cori ng of  a l l uvial  sediments near the south end of the faul t i ndi cate that 
l ate Quaternary surface di spl acements i n  the range 1 to 2 m have occurred on 
the Strawberry faul t  (Nel son and VanArsdal e .  1986) . The l ate Quaternary sl i p  
rate on the Strawberry faul t i s  i n  the range of 0 . 03 to 0 . 17 mm/yr . whi ch i s  
simi lar  to the sl i p  rates for other l ate Quaternary faul ts i n  the back 
val l eys of the Wasatch Mountains  (Sul l i van and others. 1986 ) .  The north
trendi ng Strawberry fau l t  bounds the east si de of Strawberry val l ey about 25 
km east of Monks Hol l ow,  where i t  forms a s i ng le  28 km-l ong , west-facing 
bedrock escarpment . 100 to 230 m high in the Eocene Uinta Formation . Whi le  
di screte tri angul ar facets are not evi dent, the steep s lope and oversteepened 
base of the escarpment suggest recent surface di spl acements . Royse ( 1983)  
has suggested that the faul t  is  related to the underlying Strawberry Thrust 
faul t ,  that i s  exposed north of Strawberry Val ley (Asti n ,  1977 ) .  

2. 1 . 4  Round Val l ey 

The preservati on of tri angu l ar facets and the l i neari ty and steepness of 
escarpments in  the Pennsyl vani an quartzi te on the margins of Round Val ley 
suggest that l ate Quaternary surface di spl acements have occurred on faul ts in  
the val l ey (Sul l i van and others , 1986) . Round Val ley i s  1 2-km-l ong , 6-km
wi de basi n that i t  i s  l ocated 30 km north of  Monks Hol l ow and 2 km south of 
Heber Val l ey (fi g .  2) . Review of aeri al photography reveal ed no faul t scarps 
i n  unconsol idated deposi ts a l ong the margins of the val l ey ;  however, three , 
0 . 5-1 -km-l ong ,  northwest-trending vegetati on l i neaments were observed on the 
fans al ong the southwest margi n .  The l i neaments trend di sconti nuously across 
the mi ddl e  portion of two fans paral lel to the mountai n  front in the 
northwestern part of the val l ey .  A trench excavated across one of the 
l i neaments south of the Mai n  Creek i n l et of Deer Creek Reservoi r  showed no 
evi dence of faul ting , but a sequence of interbedded debri s fl ow and l oess
sl opewash uni ts is cut by a fan stream channel (Sul l i van and others , 1986 , 
thei r fi g 6 . 2) .  

2. 1 . 5  Wasatch Plateau 

Trenches across scarps in l ate Plei stocene deposi ts descri bed by Fol ey and 
others ( 1986 )  provide documentation of l ate Quaternary di spl acements on 30-to 
70-km-l ong segments of faul ts i n  the Joes Val l ey graben (fi g .  2) on the 
Wasatch Plateau . Si x backhoe trenches were excavated across faul t scarps 
associ ated wi th three fau l ts i n  the graben . Strati graphi c  data from these 
trenches , i n  addi tion to scarp hei ghts measured i n  upper Plei stocene 
deposi ts , were used to estimate apparent vertical  surface di spl acements of <1  
to >5  m ,  and average recurrence i nterval s for surface di spl acements of 10 to 
20 ka ( Foley and others , 1986) . Three other major faul t  zones on the Wasatch 
Pl ateau exhi bi t characteri sti cs associated wi th l ate Quaternary surface 
fau l ti ng :  the Pl easant Val l ey, Snow lake , and Gooseberry faul t  zones ( Foley 
and others , 1986) . 

2. 2 Sei smi c ity 

Monks Hol l ow Dam i s  l ocated wi thi n the Intermountai n  sei smic bel t  ( IS8) , a 
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100- km-wi de zone of contemporary sei smi ci ty on the eastern margi n  of the 
Basin  and Range . Centered approximately  on the Wasatch faul t i n  central 
Utah , the I SB i s  consi dered to have the hi ghest l evel of earthqua ke ri sk i n  
the Uni ted States outside o f  Ca l i fornia  and Nevada (Arabasz and Smi th , 1979) . 
Commonly  observed features of earthquake occurrence wi thi n  the ISB have been 
descri bed by Smi th and Sbar ( 1974 ) , Smi th ( 1978)  and Arabasz and Smi th 
( 1981 ) .  Among these features are : 1 )  di ffuse sei smi c ity whi ch shows only 
genera l correl ati on wi th l ocati ons exhi bi ting l ate Quaternary surface 
faul ti ng ;  2 )  an apparent l ac k  of correl ation between smal l to moderate
magni tude earthquakes and mapped faul ts ; 3) shal l ow focal depths ( l ess than 
1 5  to 20 km) ;  4) sporadi c  occurrence of earthquakes both spati al l y  and 
tempora l l y ;  and 5) a persi stent pattern of normal faul ti ng i ndi cati ng 
predomi nantly east-west extension (Sul l i van and others , 1986) . 

E i ght hi stori cal earthqua kes of M 6 or greater have occurred i n  Utah 
( fi g .  4 ) . The l argest of these events i s  the 1934 M 6 . 6  Hansel Val l ey 
earthquake ,  the onl y  earthquake i n  Utah to have been accompani ed by 
documented surface faul ting (Shenon , 1936) . Aftershock studies of recent 
moderate-magni tude earthqua kes i ncl uding the 1962 Cache Val l ey earthqua ke of 
M 5 . 7 ,  the 1972 Heber earthquake of M 4 . 3 ,  and the 1975 Pocatel l o  Val l ey 
earthquake of M 6 . 0  have i nd i cated that these events occurred at depths of 8-

12  km on faul ts that can not be i denti fied at the surface . These 
observati ons  suggest that sei smi c sl i p  mani fested as background sei smi c ity i s  
occurri ng on moderate to hi gh-angle segments of bl i nd faul ts that have no 
surface expressi on (Arabasz and Smi th , 1981 ; Arabasz and Ju1 ander , 1986 ) .  
These observati ons  form the basi s for consi dering a random earthquake as a 
sei smi c  source for Monks Hol l ow Damsi te .  

On fi gure 1 two pri nci pal c l usters of acti vi ty are di scernab1 e .  South of 
Utah La ke a d i ffuse pattern of mi crosei smi ci ty occurs in Goshen Val l ey 
i ncl udi ng earthquakes of magni tude 3 . 5  and 4 . 4 .  Faul t pl ane sol uti ons for 
sei smi ci ty i n  Goshen Val l ey al l i ndi cate normal faul ti ng on possi b le  faul t 
pl anes stri ki ng northeast to northwest , but the tectoni c  s ign i fi cance of the 
acti v ity has not been determi ned (McKee and Arabasz , 1982) . Another cl uster 
of acti vi ty east of Scofie l d  Dam i s  rel ated to coal mi n ing acti vity .  A 
number of earthquakes wi th magni tudes l ess  than 3 occur wi thi n 15 km of Monks 
Hol l ow Damsi te (fig .  1 ) .  Thi s  background acti vity appears unrelated to the 
faul ts i denti fied in the vi c i n i ty of the damsi te .  

Reservoi r- i nduced sei smi ci ty ( RIS )--the occurrence of earthquakes as a resul t 
of impoundment of reservoi rs-- has been general ly  acknowledged to have 
occurred at a number of s i tes around the worl d .  The most destructi ve i nduced 
event was the 1967 M 6 . 5 Koyna , India event . The probabi l i ty of occurrence 
of RIS i ncreases greatly wi th reservoi r depths greater than 92 m and vol umes 
greater than 1 ,000 000 acre-ft ( Baecher and Keeney, 1982) .  The presence of 
favorably oriented faul ts , and the magni tude and orientati on of the crustal 
stress fie l d  are al so important factors . 

In order to assess the potenti al  for RIS i n  the back val leys of the Wasatch 
Mountains  the hi stori cal record of earthqua kes ( 1850 to 1986) in the back 
val l eys was analyzed (Sul l i van and others , 1986. Appendi x  B )  to determi ne if 
RIS had occurred at any of the 13  exi sti ng USBR reservoi rs i n  the area . 
These dams , constructed between 1913 and 1973. have structura l  hei ghts that 
range from 22 to 81 m. A stati sti cal analys i s of the seasonal frequency 
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i ndi cated that no seasonal i ncrease i n  the rate of earthquake occurrence had 
occurred at any of the 13 USBR exi sting dams i n  the region ;  h i stograms of 
earthquake occurrence over time do not i ndi cate i ncreased sei smi c acti vity 
upon the i n i tial fi l l i ng of any of the exi sti ng USBR reservoi rs . Thi s  
evi dence suggests that the potenti al  for RIS may be low . However , a number 
of factors suggest that RIS coul d occur at Monks Hol l ow Dam. The structural 
hei ght of Monks Hol l ow Dam ( 103 m) exceeds the empi ri cal cri teri a of 92 m ,  
al though the reservoi r vol ume is  smal l .  Crustal stress di recti ons determi ned 
from hydrofracture studies on dri l l  hol es i n  the area (Haimson , 1981; Zoback , 
198 1 )  i nd icate that north-trendi ng normal faul ts ( F-series fau lts ) below the 
deepest porti on of the reservoi r are favorably ori ented for stress rel ease . 
The magn i tude of the pri nci pal stresses determi ned from the hydrofracture 
studies i ndi cate a potenti a l  for induced earthquakes (Haimson , 1981; 
Zoback ,  1981) . 
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3 .  FAULTS I N  THE V IC INITY OF  MONKS HOLLOW DAMSITE 

Geol ogi c studies have shown that no l ate Quaternary di spl acement has occurred 
on north-trend ing normal fau l ts mapped i n  the vi ci ni ty of the damsi te .  
Terrace profi l es--reconstructed from Quaternary terrace remnants preserved 
a long the Di amond Fork that have been correl ated on the bas i s  of hei ght above 
the ri ver and soi l profi l e  devel opment--i ndi cate that there has been no 
di scern i bl e  surface di spl acement on the Sams Canyon faul t  zone , 2 km 
downstream of the dam , or the F-series faul ts , at the damsi te , i n  at l east 
the l ast 130 to 150 ka and 350 ka , respecti ve ly .  

Quaterna ry deposi ts and l andforms mapped al ong the Diamond Fork between Monks 
Hol l ow and the confl uence of the Di amond Fork and Span i sh Fork Ri vers i ncl ude 
al l uvi um i n  fans and terraces , col l uvi um on hi l l sl opes , l andsl ide deposi ts on 
the north s i de of the river near the ri ght abutment of the proposed dam, and 
deposi ts of Lake Bonnevi l l e that are present i n  terraces at the western edge 
of the study a rea (fi g .  3 and pl . 1 ) .  At several l oca l i ties terrace remnants 
occur on or near projections of faul ts mapped i n  the bedrock .  The age of 
these terraces i s  important  to reconstructing the Quaternary di spl acement 
hi story of the faul ts i n  thi s a rea . 

3 . 1 Quate rnary terraces on the Diamond Fork 

Reconstructed terrace profi l es that slope paral l el to the Diamond Fork 
channel project across faul ts mapped i n  the vici n i ty of the damsi te 
i ndi cating  that di spl acements greater than the resol uti on of the profi l e  
measurements ( 1 . 5  m )  o r  the projecti ons  ( 5  m )  have not occurred si nce 
deposi tion of the terrace remnants . Remnants of ni ne al l uvi a l  surfaces are 
preserved al ong the sides of the Diamond Fork Va l ley over a d i stance of 13 km 
between i ts confl uence wi th the Monks Hol l ow drai nage on the east and the 
Spani sh Fork Ri ver on the west .  Usi ng a computer-assi sted photogrammetri c 
mappi ng system ( PG-2 pl otter) , these terraces were mapped on aeria l  
photographs at a scale  of  1:15 ,840 and on  a U . S .  Geol ogi cal Survey 
topograph i c  map at a scale  of 1 : 24,000 ( Bi l l ies Mtn . Quadrangl e ) . 
Longi tudi nal  terrace profi l es that reconstruct past pOSi tions  and gradients 
of the Diamond Fork were then prepared using thi s quadrangle as a base 
(fi g .  5 ) . The terrace remnants were correl ated on the bas i s  of thei r height 
above the modern Di amond Fork fl oodpl ai n ,  the extent of di ssecti on of thei r 
surfaces.  and , where exposures were ei ther avai l able or excavated , the 
rel ati ve deg ree of soi l devel opment on thei r surfaces . Usi ng the PG-2 
pl otter, the elevations of the terraces cou l d  be measured wi th an accuracy of 
about +/- 1.5 m.  The cha racteri sti cs of these terraces are summari zed in  
tabl e 2. 

Numeri cal  age data for the Quaternary terrace depOSi ts on the Di amond Fork 
a re avai l able from two sou rces:  ( 1 )  amino aci d  ratios of gastropod shel l s  
found i n  a l l uvial  deposi ts i n  the right abutment area of the proposed dam and 
( 2 )  a correl ation of terraces at the weste rn edge of the study area wi th lake 
l evel s of Lake Bonnevi l l e that have been numeri cal l y  dated e l sewhere (Scott 
and others , 1983 ) .  Addi ti onal  chronol ogi cal i nformati on was obtai ned by 
rel ati ve age dati ng of terraces usi ng soi l profi l e  characteri sti cs  
( tabl es 3 and 4 ) . 
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Figure 5 - Lon gitudina l  profil e of stream terra ces on the l ower Diamond Fo rk River. 
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Table 2 - Quat. __ nary t. __ rac:es on t.he Diamond Fork River and t.ribut.aries near t10nks Hollow Da.sit.e 

TERRACE 

Qt.9 

Qt.8 

Qt.7 

Qt.6 

Qt.5 

Qt.4II.4iIA 

Qt.3.9A 

Qt.2 

QU 

Qt. 

QTt. 

HEIGHT 
ahoY&' -.xIern 

base level CAl) 

9-15 
Cel. 1532 . ) 

2411-33 
Cel. 1548 . ) 

83 

5 

16 

26-29 

36-39 

55 

87 

variable 

>90 

ESTII'IUEO 
AGE Cka) 

13-16 

13-16 

>250 

15-18 

15-18 

>150 - >350 

>150 - >350 

>350 

>C35O - 730) 

variable 

>730 

RELATIVE 
AGE GROUPM 

2 

2 

2 

OF-·3.5 

OF-l.2.411 

OF-6 

DESCRIPTION 

t.errace on sout.h side of DiatllOnd 
Fork River inFerred t.o be dep05it.s 
of Lake Bonne., i lIe 

t.errace on sout.h side of DiatllOnd 
Fork River inFerred t.o be depo5it.s 
of Lake Bonne., i lIe 

One retllnant. on nort.h side of DiatllOl'ld 
Fork River 

1 retllnant. on sout.h sicl&o Oi_end 
Fork River 

6 retllal'"lt.s on nort.h sicl&o Oi_ond 
Fork River 

2 retllnant.s on 5Out.h side DiatllOnd 
Fork River-

8 rew'lant.s on nort.h and sout.h 
sideos of Oi atftOrld Fork Ri ver· 

5 rew'lant.s on roOrt.h and sout.h si des oF 
Oi_end Fork River-; _ino acid rat.ios For 
snails in t.rer�h 2 suggest. a Alid-Pleist.o
cene (>250 ka) age For t.his t.errace 

3 rew-wlnt.s on bot.h nort.h and :sout.h 
sides of the DietllOnd Fork River 

Ter·race r ..... ant.s not. included 
in t.M-race proFile st.udy 

Terraces > 90 � above base 
level. undiFFerent.iat.ed 

_. __ ._----------------------------------------_._--- -_ .. _---------------------------------------------------------------------

M R.lat.iv. age groups assigned bas.d on u-. COftIPar-ison of soi 1 proFi 1. dev.lopnent. wit.h soi Is described 
in Sullivan and ot.hers (1986). 
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Tab1 . 3 :  SII'h 'c'lsod hori 7.on pr·opsort. i .s of soi l profi l .:: dsosc:ri b.d i n  lh. Di a"ond Forie: drai nagso, Utah 
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Pr'o't"i 1 "  Hod ;zon Par"n'l l1at.r i al l1'-1n:ssol l  o:ol or 

( d,..,,-l 
T"lCtur" .--- ;:: c1 .!IIst� > 2 "" - - _ .  

p�bbl .s cobb l "s boul dsor�: 
Carb o � 

sla9� 1 1  CO�I .t2 
;:: 

0 . 11 . /3 s�lnd 1"1 :5i I t. .1'" 0:1  ay ./"1 
-- - -- - _ . - - - - - _ . _ - -- - -- - - _._.- - - -.- .-- - - - .... - - . - . - - -_._.- - -_ . _  .. - - -.- - - --.- - - - _ . _ . _ - -_._-- - - -. _ ._ - - - _ . _ - - _ . _._- - _ . _ . _ - - ... _ ._ - - _ . _ . _ - - _ . _ . _ - - _ . _ . _ - -_.- -- - .. - -- -_._ .. - - - _._ .. -- - � . .. .  - -- - .. - - -
OF - l  

OF'-,2 

OF'-"1 

OF'-:5 

OF-6 

Bt 1 

Bt 2 

B k i  

Bk2 

B�:3 

C 

A l. 
A�: 
8 

2Bi t 

2Bt.2 

2BC 

A I. 
A�: 
A�I 

2Bt. l 

3Bt.2 

3Bt.3 

3Bt.1 

A l. 
A�: 
B 

28t. l 

3Bt.2 

3BU 

3B(: 

A l. 
A�: 

28t. l 

3Bt 2 

3Bt.3 

3BI<: 1 

1BIe: 

A 
B 

2Bt 1 

2Bt 2 

3Bt.3 

3BI<: 

O" r 
7-, 113 

1 8-·5'3 

59-,9:3 

93-, 1"15 

115-, 1'30 

0-·7 

7-,25 

25-·10 

10-·9!5 

95-, 123 

123-· 15 .. 

0-,8 

8-'20 

20·· .. ·j' 

17-·6 1 

& 1-87 

8 7-, 118 

1 .. 8-· HO 

0·· 10 

10- 16 

16-·513 

58-·75 

75-, 1 18 

1 18-' 1"17 

1"7- 1'3 1 

0-·6 

6-·25 

25-·39 

38-·513 

58-,72 

72-· 1 1  .. 

1 1  ... -· 1"15 

0-·22 

22··30 

30-· ... 2 

... 2-·70 

70-·95 

95-, 1"10 

fl u .... i .!!il gravsoi s 
fl u .... i .s! gr av sol s 
fl u .... i .d grav.l s 
fl u .... i .!IIl grav.l s 
fl u .... i .!Il gravQl s 
fl u .... i .!IIl gr av.l s 

col 1 u .... i u" 
col l u  ... · i u" 
col l u  ... ·i • .I" 

fl u .... i .!IIl gr'!IIvsol s 
fl u .... i .!IIl gro!lvsol s 
fl u .... i .s! gro!lvsol s 

col l u  .... i u" 
col l u  ... ·i'J" 
col 1 u ... ·i u" 
col 1 u  ... ·i IJ" 

fl uvi .!IIl gravQl s 
fl u .... i .!IIl gravsol s 
fl u ... ·i .!IIl grav�l s 

c:ol l u ... ·i u" 
col l ulI·il.l" 
col l u  ... ·i • .I" 
col I u .... i '.1" 

f'l uvi .!IIl gro!lv.l s 
f'l u .... i a1 gravQI s 
f'l u .... i .!IIl gr.�vsol s 

col l u  ... ·i u" 
col I u ... ·i '.1" 
col l u  .... i u" 
col i u .... i u" 
col 1 u  ... ·i l.l" 

f'l u .... i .!IIl gro!lv.1 s 
f'l u .... i .!IIl gravQI s 

al l uvi UP'l 
al l uvi u" 

l acI.I5 h'i nso 
l aCIJ5 h'i n� 

a1 1 uvi U" 
al l uvi uP'l 

5 .... ": 11'7 

5'1''': "11'7 

7 . 5V� 6/5 

7 . 5VR 6/" 

7 . 5'1''': 6/5 

7 . 5V� 6/0 

7 . 5VR 5/3 

7 . 5'1''': 5/3 

7 . 5VR 1/5 

5'1''': "11'7 

5'1''': "11' 7  

7 . 5VR S . S/S 

10'1''': 5/3 

10VF: 5/ 3 

10V� 5/ 3 

7 . 5VR 51'" 

SVR 1/1 

5'1''': "1/ 7 

SV,,: "1/7 

10VF: SI2 . S  

10'1"": 5/2 . S  

7 . S 'r''': "1/ 3 . 5  

7 • 5'1"": "1 . 5/·6 

5 '1"": :3/" 
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r . 5V": "1/ 3 
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5VR 7.t& 

C 
C 

so:1 
:sl 
:51 
I s  

:51 
:51 

:51 
so:1 
so:1 
so:1 

si l 
si l 
si l 

0:1 
0:1 

so:l 
so:1 

si l 
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c 
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N 
0 

T.�b l e  4 :  l.ab()r·atory ana l ��ses and so i l  deve· l oplTlent i nd i ces for- se l e·ctedM so i b; i n  t.he 
D i amond Fork canyo n .  

Proof i I e· 

OF- l  

OF-·2 

OF-3 

OF-4 

OF-5 

OF-6 

Cs 1 /  
( g/cm2 ) 

1 4 . 50 

2 . 1 1  

0 . 38 

4 . 80 

n . d .  
26 . 76 

Sec:ondary c: l a�� I I  -'- -'--'- -'--'- -'--'- -'--'Har-den i nd i c:es e.�/-·--·- -·--·--·--·--·--·-
( g/cm2 ) Rub i f i cat. i on Ar' i d  Nonar i d  Al l Pr·oper·t i e$: 

1 3 .  ;�3 0 . 1 5 1 5  0. 1 1 58 0 . 1 1 97 0 . 1 5l0 

1 6 . 48 D . 1 8 t 5  0 . 2549 0 . 3 1 1 5  D .  299�� 

1 2 . 6Ei 0 . 1 697 0 . 2498 0 . 3085 D. 34'� 1 

28 . 26 D . l 1 l4 0 . 2955 0 . 3338 0. 35?6 

n . d . 0 . 2882 0 . 2768 0 . 2600 0. 1 790 

1 4 . 04- 0 . 4561 0 . 1 1 03 0 . 1 743 0 . 1 94 1  

1 /  Secclndar'y carbonate ( Cs )  and sl?c:ondary c: 1 a�� v a  1 ues LIS i n g  met.hod$: of Mad-let teo < 1 978, 1 98Ei ) 
and Ne I son and T ay l or ( 1  98Ei ) . 

2/ Numbers are we i ghted means clf hClr i zcln i nd i ce·s fo l l ()"l i ng the method!; of Hard!?n ( 982 ) and 
Helr'den and T a�� I or ( 1 9133 ) arid mCld i f  i ed by He- 1 son and T ay 1 or- ( 1 985 ) ,  

M L.ab()r·ator·y data not ava i l ab l e- for' pr-of i l e.s DF-5 and OF- 6 .  



A comprehensive study using soi l rel ati ve age dating i n  the back val l eys of 
Utah i s  presented i n  Sul l i van and others ( 1986 ) and the methodol ogy empl oyed 
i n  that study i s  al so used here . Numeri cal ages are estimated for the 
Di amond Fork soi l s  by compari ng characteri sti cs such as the amount of 
secondary c lay and carbonate and sel ected soi l  devel opment i nd i ces wi th those 
i n  the back val l eys because they are wi thi n the same general regi on and can 
be assumed to have simi l ar rates of soi l formation . The techn i ques for 
quanti fyi ng these i ndi ces are those of Harden ( 1982 ) , Harden and Tayl or 
( 1983 ) and Nel son and Tayl or ( 1985 ) . 

Remnants of s ix  terrace l evel s i n  the vi ci n i ty of the Sams Canyon fau l t  zone , 
1 . 4  km downstream from the damsi te ,  and i n  the v ic ini ty of the F-series 
faul ts at the damsi te ,  were studied in detai l (pl . 1 and fi g .  5 ) . The l owest 
terrace ( Qt6 ) consi sts of a smal l i sol ated 300-m-l ong remnant about 5 m above 
the modern fl oodpl ain  on the south side of the Di amond Fork between Sams 
Canyon and Wanrhodes Canyon . The next terrace ( Qt5) , 16 m hi gh ,  i s  more 
extensi ve ,  consi sti ng of 6 remnants l ocated between the damsi te and Brimhal l 
Canyon . The elevati on of these two terrace l evel s above the present Di amond 
Fork i s  comparable to terrace l evel s about 6 . 5  km downstream (Qt8 and Qt7 ) 
inferred to be Lake Bonnevi l l e deposi ts wi th an estimated age of 13- 16 ka . 

Terrace l evel s 4 and 4A ( Qt4 and Qt4A ) are two remnants on the south side of 
the ri ver ,  26 and 29 m ,  respecti vel y ,  above base l evel . Soi l  profi l es DF- 5 
(Qt4) and DF-3  (Qt4A ) were descri bed on these surfaces . The parent materi a l s  
1 n  these prof1 l es cons1 st o f  a veneer of col l uvi um l ess than SO cm thi ck 
composed of reworked l oess and sl opewash overlying about 10-50 cm of 
hi 1 1 s1 0pe col l uvi um wi th fl uvia l  gravel s at the base . The soi l s  have 
argi l l i c  hori zons 50 cm to > 1  m thi ck ( i t  extends to the base of the 
excavati on i n  DF-3  at a depth of 170 cm) wi th 5YR hues ( table 3 ) . The 
estimated amount of secondary c lay i n  profi l e  DF-3 ( tabl e 4) i s  greater than 
that for s01 1 s  e l sewhere i n  the back val l eys of the Wasatch Mountains that 
are consi dered to be 130- 1 50 kyrs ol d (Sul l i van and others , 1986 ) suggesti ng 
that Qt4 1 s  at l east thi s ol d .  

Terrace l evel 3 ( Qt3)  i s  about 10 m above l evel 4 on the south s ide of the 
Diamond Fork val l ey,  36 m above the ri ver .  Level 3A , on the north side ,  i s  
39 m above the ri ver channel . Soi l profi l e  DF- l i s  l ocated i n  a gravel 
quarry on the 3A surface and two soi l profi l es ,  DF-2  and DF-4 ,  were descri bed 
i n  excavated pits on terrace l evel 3 .  The parent material s i n  these soi l 
pi ts are s imi l ar to those on terrace l evel s  4 and 4A :  fl uvia l  grave l s  
overl a in  by col l uvi um from the nearby hi 1 1 sl opes and a surface l ayer o f  fi ner 
grai ned col l uvi um that probably has a s ign 1 fi cant l oess component . The upper 
horizons i n  profi l e  DF- l have been stri pped by bul l dozer acti v ity ,  so i t  
appears l ess devel oped than the other profi l es and the soi l devel opment 
i nd i ces refl ect thi s .  Al l three soi l s  are strongly devel oped wi th thi ck (80-
90 cm) reddi sh ( 5YR) argi l l i c hori zons and stage I and I I  carbonate 
( table 3 ) . 

Terrace l evel 2 ( Qt2)  consi sts of 4 remnants , one of whi ch i s  present about 
100 m upstream of the proposed ri ght abutmen t  of the dam. These smal l 
remnants are about 55 m above the present channel of the Di amond Fork.  On 
the ri ght abutment of the proposed dam , al l uvi al sediments consi sti ng of very 
gravel l y  fine sand overl a i n  by strati fied fi ne sands occur at the same 
el evati on above the ri ver as Qt2 ( pl . 1 ) .  Sl ump bl ocks of overbank deposi ts 
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that occur wi thin  the grave l s  contai n  she l l s  that are o lder than 350 ka by 
ami no aci d racemi zati on (di scussed in  sec . 3 . 2 . 1 ) .  The sediments contai ning 
the shel l s  are correl ated wi th the second terrace l evel (Qt2 ) .  One hundred 
meters to the east i s  a terrace remnant of Qt2 where soi l pi t DF-6 i s  l ocated 
( pl . 1 ) .  The pi t exposes wel l  sorted overbank al l uvi um and very wel l  sorted 
l acustri ne deposi ts overl ain  by a thi n  l ayer of act i ve sl ope col l uvi um wi th a 
65 cm thi ck reddi sh ( 5YR) argi l l i c horizon and stage 1+ carbonate . The 
profi l e  characteri sti cs ( table 4) are simi l ar to those of soi l  profi l es 
el sewhere i n  the back val l eys that have estimated ages of at l east 130-
150 ka . 

Terrace l evel 1 (Qt l )  consi sts of 3 i sol ated remnants about 87 m above the 
Diamond Fork.  Several hi gher surface remnants (QTt ) are i nc l uded on pl ate 1 
that are i nferred to be as ol d as early Quaternary ( >730 ka ) or Tertiary 
( >2 Ma ) because they are more than 90 m above the present ri ver .  Al so 
i ncl uded on pl ate 1 are undi fferenti ated terrace surfaces mapped as Qt that 
were not i nc l uded i n  the terrace profi le  study and have not been correlated 
with the numbered sequence . 

The onl y  numeri cal age for the deposi ts of the Diamond Fork terrace sequence 
i s  estimated from ami no aci d  rati os of shel l s  found i n  a trench on the ri ght 
abutment of the proposed dam ( sec . 3 . 2 . 1 ) .  The al l uvial deposi ts containing 
the shel l s  are correlated wi th the second terrace l evel (Qt2) . The 6 soi l 
profi l es descri bed on the Di amond Fork terraces can be compared wi th soi l s  in  
the back  val l eys of  Utah that have been assi gned to rel ative age groups on 
the basi s of soi l characteri sti cs (Sul l i van and others, 1986) . The soi l s  on 
Qt4 and Qt3 have soi l devel opment i ndi ces ( table 4 )  simi l ar to RAG 2 soi l s  i n  
the back val l eys that are i nferred to be > 150,000 years ol d .  Compari ng both 
the hei ght above base l evel and the degree of soi l devel opment wi th terraces 
a long the Weber Ri ver descri bed by Sul l i van and others ( 1986 ) suggests that 
Di amond Fork terraces above 36 m (Qt3, Qt2, Qtl )  are at l east mid-Quaternary 
( 150-730 ka ) i n  age . 

Al though no soi l profi l es were descri bed on terrace l evel s 5 and 6, thei r 
hei ght above base l evel rel ati ve to terrace l evel 4 i ndi cates that they are 
considerably younger and we i nfer a correlation wi th Pinedal e  ( 15- 18 ka ) 
terraces on the upper Weber Ri ver (Sul l i van and others . 1986) . Terrace level 
5 may be graded to the hi gher of the two Lake Bonnevi l l e shorel i nes 
represented by terrace level 8 (p l . 1 ), and thi s correlation would support 
the Pinedal e  age of the terrace . 

3 . 2 Fau l ti ng i n  the vicini ty of Monks Hol l ow Damsi te 

A 500-m-wi de zone of north-trendi ng normal faul ts di splace the Jurassi c 
Nugget Sandstone and the Twi n Creek Formati on near the crest of the Di amond 
Fork anti c l i ne i n  the vi ci n i ty of the damsi te .  Deta i l ed mappi ng of the 
regi on surroundi ng the damsi te at a scale  of 1° = 400 ' (pl . 1 )  for thi s study 
has del i neated Mesozoi c and upper Terti ary sedimentary rocks di spl aced by the 
faul ts .  Mapping of the dam abutments has defined 8 north-trendi ng faul ts 
referred to as the F-series  faul ts (USBR, 1986 ) . The faul ts are exposed i n  
the canyon along the Di amond Fork and have been i denti fied i n  dri l l  holes i n  
the dam foundation and abutments . 
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3 . 2 . 1 F-series faul ts at Monks Hol l ow Damsi te 

The F-series faul ts are not consi dered a potenti al  source for l arge-magni tude 
earthquakes because geol og ic  evidence shows that no l ate Quaternary surface 
di spl acements have occurred on the faul ts : the faul ts do not share geomorphi c  
and structural characteri sti cs o f  other l ate Quaternary faul ts i n  the region , 
and the fau l ts do not di srupt profi l es reconstructed from terrace remnants 
wi th an estimated age of 130 to 150 ka . Late Quaternary faul ts i denti fied i n  
the back val l eys , such as the Li ttl e Di amond Creek faul t about 6 km west of 
the dam , have common characteri sti cs i ncl udi ng :  strati graphi c di spl acements 
of more than 300 m ;  tri angul ar facets at the bases of bedrock escarpments , 
sometimes wi th associ ated vegetation l i neaments ; and mi d- Tertiary and 
younger deposi ts i n  the hangi ng wal l .  In contrast , d i spl acements on the F
series faul ts are al l l ess than 82 m ,  no scarps are present i n  the col l uvial  
deposi ts on the northern projection of the faul ts in  Wi gna1 Fl at , and north 
of the dams i te the sense of di spl acement of the faul ts in the Twi n Creek 
Formation i s  opposi te to that of the topographic  sl ope (pl . 1 ) .  

The F-series faul ts are normal faul ts wi th apparent verti cal d i spl acements 
rangi ng from <3 m to 82 m i n  the Twi n Creek Formation (USBR , 1986 ) .  The F1 
faul t ,  exposed about 400 m west of the proposed dam , has d i spl acement of 
about 82 m ( 275  ft ) ,  estimated i n  the Twi n Creek Formati on on the south side 
of the ri ver (pl . 1 ) .  Thi s faul t i s  conceal ed by col l uvi um on the north side 
of the ri ver but has been i nferred to offset the contact between the Nugget 
Sandstone and the underl yi ng Ankareh Formati on about one km north of the dam 
( pl . 1 ) .  The remain ing faul ts to the east have di spl acements varyi ng from 
1 . 5  m ( 5  ft ) to > 50 m ( 170 ft ) .  These faul ts can be traced i n  dri l l  hol es 
across the ri ver to trench exposures on the north si de of the ri ver near the 
abutment of the dam (USBR , 1986) . The faul ts are i nferred to merge wi th the 
Fl faul t to the north . 

One of the F-series faul ts ,  the F5 faul t ,  wi th apparent verti cal offset of at 
l east 50 m ( 170 ft ) i n  the Twi n Creek Formati on ,  i s  mapped near the ri ght 
abutment of the proposed dam . The F5 faul t i s  exposed in three bul l dozer 
trenches as a 10-ft-wi de zone of faul t gouge and brecci a between the hard , 
competent Nugget Sandstone i n  the footwal l  and the fractured and i ntensely 
weathered Twi n Creek Formati on in  the hangi ng wal l  (fi g .  6 ) . The l og of a 
portion of one of these trenches i s  shown i n  fi gure 7 .  In thi s trench the F5 
faul t stri kes N240W and di ps 760 NE .  Gravel l y  al l uvi um and overl yi ng 
col l uvi um extend across the F5 faul t (fi gs . 6 and 7 ) .  Detai l ed trench 
mappi ng shows that a thi n bed of fi ne sand wi thi n the al l uvi um extends across 
the F5 faul t zone between stati ons 0 and 60 showi ng that there has been no 
surface di spl acement on the fau l t  (wi th a resol ution of a few em) si nce the 
deposi t ion of the al l uvi um. 

The age of these al l uvia l  deposi ts i s  estimated from amino aci d  ratios of 
samples of the gastropod Oreohel i x  cf . cooperi preserved i n  a sl ump bl ock 
i ncorporated wi thi n the al l uvi um (station 125 on fi g .  7 ) .  The average amino 
aci d  ratio from si x preparati ons i s  0 . 393 +/0 . 035.  Usi ng ki neti c model s of 
ami no aci d  racemi zation and temperature hi stories di scussed i n  Sul l i van and 
others ( 1986) , thi s ratio yie l ds a minimum age for the sample of 350 ka ; 
therefore , thi s al l uvi al  terrace remnant was deposi ted >350 ka . Based on the 
detai l ed mappi ng and the esti mated age of the deposi t ,  we concl ude that no 
surface d i spl acements have occurred on the F5 faul t i n  at l east the l ast 
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EX PLAN AT I ON 
QUATERNARY DEPOSITS 
Qc - Co l l uv i u m .  

Q l s  - Lan d s l i d e  .deposi t s . 

Qa - A l l u v i a l  depos its of t he Diamond f:or k  R i ve r .  

JURASSIC A N D  T R IASSIC S E D I M ENTARY ROCKS 
JTtn - N u gget Sand stone 

Jtc - Twi n Cre e k  Format ion , shale and l i m e s t on e ,  numbers i n d i c a t e  

subd i v i s ions 1 - ol dest t o  7 - younge s t .  

�-I-" F- Ser ies fau l t s ,  das hed w here approx i mately located , dot ted where 
F 5  

concealed b y  you nger depos i t s ,  bo l l  o n  downt hrown s i d e .  
r-------, 1 00 0 100 200 300 FEET Bu l l d o z e r  t re n c h e s . i ' " " 1 ,, ,,1 I 

I 
I I I 

Qc 

50 0 5 0  100 METERS 

F I G U R E  6 - Geo l o g i c  m a p  of t he nor t h  a bu t m e n t  of t he proposed M on ks 
H o l low Dam .  Mapping s l i gh t ly  mod i f i ed f rom s i te g eol o g y  maps 
prepared by the Bonnev i l le Cons truct ion off ice , Provo, U t a h .  
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Q c  - Su rface col luv ium ( HOLOC E N E ) ,  l i ght brow n , 
u nconso l i d a ted c l a ye y  grove l  con t a i n i n g angu l a r  

clasts of l i mestone a n d  shale loca l l y  d e r i ve d  

from t he Tw i n  C reek Forma t i on . 

Qs - S l u m p  block ( M I D-QUAT ER N A RY ) ,  o lder  col luv ium 

and overbank depos i t s  w i t h i n  t he a l l u v i u m  conta in ing 
gast ropods with o n  a m i no-acid age est i ma te of > 250 ka. 

QC I - Older colluv i u m  ( M I D-QUAT E R N A RY OR OLD E R ) ,  d a r k  
brown , wel l - i nd u ra t ed c l a y e y  g rove l w i t h  a n g u l a r  c l a sts 

of l i mestone and shale from the Twi n  Creek Forma t ion.  

Qo - Al luv ium deposi ted by t he Diamond For k R iver ( M I D 
QUAT E RNARY ) ,  rou nded and subrou nded cla s t s  of 

quart z i te , l imest o n e ,  Si l t stone,  and sandstone in mat r i x  

of f ine sand . 

QO I - A l l uv i u m  ( M I D- Q U AT E R N A R Y ) ,  overba n k  depos i t s  of t h e  

Diamond Fork R iver,  loose , cross b e dded , lam i nated , f i ne 
sand 

J U RASS I C  A N D  T R IASSIC S E D I M E N T A R Y  R O C K S  

Jtc4 Twi n  Creek For m a t ion , u n i t  4 . 

J T R n  Nugg e t  sandstone . 

Fa u l t s , dashed where approx i ma te l y  locat ed . 

• Am ino- acid sam p l i n g  loca l i t y .  

F I G U R E  7 - L o g  of  Tre n c h  2 o n  t h e  n o r t h  a b u t m ent  of  Mo n k s  H o l l o w  D a m . 
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350 000 yrs. 

3. 2 . 2  Sams Canyon faul t zone 

The north-trendi ng zone of normal faul ts 2 km west of Monks Hol l ow Damsi te 
cal l ed the Sams Canyon faul t zone i s  not consi dered a potenti al  source for 
l arge-magn1 tude earthquakes because geol ogi c  evidence shows that no l ate 
Quaternary surface d i spl acements have occurred on the faul ts :  the faul ts do 
not share geomorphi c  and structura l  characteri sti cs of other l ate Quaternary 
faul ts i n  the region , and the faul ts do not d i srupt profi les reconstructed 
from terrace remnants wi th an estimated age of 130 to 150 ka. On plate 1, 
near the poi nt of maximum di spl acement of more than 300 m ( 1000 m) i n  
Terti ary rocks ( Young . 1978) . an eroded escarpment l ess than 30 m h igh i n  the 
North Horn Formation marks the i nferred posi t ion of the faul t (Young , 1978) .  
General l y  no  escarpment is  assoc1ated wi th the faul t and . l ocal ly  on  pl ate 1,  
mappi ng has shown that the trace of  the faul t coincides wi th a bedrock faul t
l i ne escarpment. Al ong thi s escarpment the hanging wal l  of the faul t  i s  at 
hi gher el evation than the footwal l .  Thi s geomorphi c  rel ati onship  strongly 
suggests that no Quaternary di spl acements have occurred on the faul t .  

At the juncti on of Sams Canyon and the Di amond Fork , the pri nci pal  trace of 
the Sams Canyon faul t juxtaposes Jurassi c sed1mentary rocks i n  the footwal l 
on the east and the l ate Cretaceous and early Terti ary North Horn Formati on 
i n  the hangi ng wal l  to the west (pl . 1 ) .  North of the Diamond Fork , the 
faul t i s  wel l -exposed as a sheared zone of near-verti cal beds . South of the 
Di amond Fork , the trace of the fau lt  i s  constrai ned by outcrops to a corridor 
about 150 m ( 500 ft ) wi de . In the same area terrace remnants. of three 
di fferent ages are preserved (pl . 1 .  fi g .  5 ) .  Careful mappi ng and 
correl ation of the remnants using soi l  profi l e  devel opment and rel ative 
el evation shows that remnants of Level 3 wi th estimated ages of 130 to 150 ka 
are not di spl aced across the Sams Canyon faul t zone. 

3. 2 . 3  Br1mhal l canyon scarps 

Low-sun-angl e  overfl i ghts and a review of aeri al photography reveal ed no 
scarps in unconsol i dated deposi ts associ ated wi th the mapped faul ts in the 
regi on . However .  a northeast-trendi ng scarp about 700 m l ong and 15  m h igh 
i s  present i n  unconsol i dated al l uvi al deposi ts a long Brimha l l  Creek about 
1 . 5  km upstream from i ts confl uence wi th the Di amond Fork (fi g .  8 ) . The 
al l uvi al deposits form a gravel terrace i n  a tri butary to Brimhal l Canyon 
that extends upstream of the scarp about 2 km. The terrace that has been 
i nci sed 15 - 20 m by Brimhal l Canyon and remnants i n  tri butaries that have 
been i nci sed a simi l ar amount are l oca l l y  preserved el sewhere on the Bi l l ies 
Mountai n Quad ( Young , 1978) . The scarp trends about perpendi cul ar to 
Brimhal l Canyon and nearly paral l el to the Sams Canyon fau lt  zone whi ch i s  
mapped more than a � to the east (fi g. 3 ) . A poorly-defined break i n  the 
topographi c sl ope extends about 3 � north on the projection of the scarp 
suggests the possi b1 1 i ty that the scarp may be faul t-rel ated. In order to 
assess the feasi bi l i ty of concl usi vely determi ning the ori gin  of the scarp by 
trench ing , four power auger hol es were dri l l ed both above and bel ow the scarp 
(f1 g .  8 ) . 

The auger holes  show that the scarp has formed i n  unconsol i dated . poorl y 
stratified , debri s-fl ow deposi ts 5. 5 m or more thi ck. The sampl es taken 
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Oaf Ouate r n a r y  a l l u v i a l  f a n  d e p as i t s  

O l s  O u a t e r n a r y  lan d s l i d e  d e p o s i t s  

a t  O u a t e r n a r y  t e r r a c e  d e p o s i  t s  

an O u a t e r n a r y or Ter t i a r y  terr a c e  deposit s 

Tv M i d  - Ter t i ary volcanic rocks 

Tu - Ter t i a r y  - U i nt a  Forma t i o n  

Tcgr - Ter t i a r y  - Colton / G r e e n  R i v e r  Formations 
u n d i v i d e d  

T f  T e r t iary - F l a g s t a f f  Li m e stone 

TKnh - Tert iary and Cretaceous North Horn 

Formation 

..J..L..LL. Scarp I n  u n c o n s o l i d a t e d  depos i t s  

...L.. _ ..  L i n e a m e n t  

I n f e r r e d  Fa u l t  

d Spr i n g s  

• A u g e r  holes 

Fi g u re 8 - Geo l ogi c map of t he Brimha l l Canyon a rea . Mapp i n g  suggests 
scarps in terrace depos i t s have an eros i onal  ori g i n .  La rge 
and sma l l a rrows i nd i cate former courses of the Di amond Fork 
River d i s c u s sed in the text . 
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duri ng the augering were descri bed and crude l ogs were devel oped for each of 
the hol es .  In each of the hol es unconsol i dated . i nterbedded, red and reddi sh
brown si l ty cl ay and gravel ly  c lay were found to depths of 5. 5 m to 7 . 6  m. 
The contacts between the i n terbeds are gradat ional ; no di sti nct strati graphic  
uni ts were di scernabl e .  Onl y  one of the auger hol es, BC-3 l ocated just bel ow 
the scarp, encountered bedrock .  At a depth of about 5 . 9  m ( 19 . 5 ft ) bri ght 
red cl ay wi th vi s ib le  bioti te fl akes and friabl e i gneous cl asts was 
encountered . Thi s i s  i nterpreted to be the mid-Terti ary vol cani c  rocks 
mapped by Baker ( 1976)  and Young ( 1978 ) in the vi cini ty.  Argi l l i c B-hori zons 
about 0 . 5 m thi ck were present i n  the upper one meter of each of the hol es 
but no deta i l ed soi l profi l es on the surfaces were descri bed . The auger 
hol es provi ded no concl usi ve evi dence beari ng on the ori gin of the scarps . 
The l ack of di sti nct ive strati graphi c  contacts suggested that faul ts, i f  
present, would  have been d i ffi cul t to di scern i n  a trench .  

The di stri buti on and rel ati ve el evations of the gravel deposi ts and the 
l andforms between the scarps and the Diamond Fork on fi gure 8 suggest an 
erosi onal ori g i n  for the scarps . Gravel s forming a terrace remnant 38 m 
above the Di amond Fork channel are mapped in  the northern part of fi gure 8. 
Thi s remnant i s  correl ated wi th other remnants at simi l ar elevati ons that 
form terrace l evel Qt3 (fi g .  5) whi ch has an estimated age of > 150 to >350 ka 
( tabl e 2 ) . The steeply west-di pping, unconformable contact between the 
hori zontal ly-bedded gravel s  and the southeast-d i ppi ng sandstone and sha le  
un i ts of  the Ui nta Formati on i s  wel l -exposed near the Diamond Fork on figure 
8. Uni ts wi thi n the Uinta Formati on can be traced bel ow the gravel s showing 
that the northeast-trendi ng scarp on the eastern contact of these gravel s 
resul ted from erosi on by the Di amond Fork pri or to deposi tion. of the gravel s 
( smal l sol i d  arrows on fi g .  8 ) .  We suggest that the scarp at Brimhal l Canyon 
had a simi l ar ori g i n .  The base of the scarp i n  Brimhal l Canyon i s  at an 
elevation of about 1680 m ( 5600 ft ),  about 61  m above and paral l el to the 
channel of the Di amond Fork . The scarp appears to have been cut by the 
Diamond Fork when i t  was fl owing i n  a channe l east of the modern channel 
( l arge open arrows on fi g .  8 ) . The short l ength of the scarp, i ts concave 
trend, and the l ack of an associ ated mapped faul t al so suggest that the 
scarps formed as a resul t of erosi on .  

Previous mapping of thi s area ( Ba ker, 1976 ; Young, 1978) together wi th 
add it ional mapping for thi s study suggest that the l i neament north of the 
scarp (fi g .  8) fol l ows a strati graphi c contact rather than a faul t .  Bedrock 
uni ts stri ke nearly para l l e l  to the scarp and the l i neament.  East of  the 
l i neament the Fl agstaff Limestone and the overlyi ng Col ton-Green Ri ver 
Formati ons stri ke north-northeast paral l el to the l i neament, and d ip  450 to 
550 to the west-northwest, forming a series of west-facing hogbacks (fi g .  8 ) . 
West of the scarps the Uinta Formation d ips to the northeast and southeast 

outl i ni ng the l imbs of the syncl i ne (fi g .  8 ) . The vol cani cs encountered i n  
the auger hol e  bel ow the scarp are i nterpreted a s  being preserved i n  a 
syncl i ne wi th i ts axi s oriented approximately northeast . The posi ti on of the 
l i neament appears to correspond with the contact between the vol can ics and 
the underl yi ng . l ess resi stant Tertiary sedimentary rocks . 

Al though the i nvesti gations of the Brimhal l Canyon scarps and l i neament have 
not conc l usi ve ly  establ i shed thei r mode of ori gin, the ava i l ab le  evidence 
suggests the scarps were cut by the Diamond Fork and that the l i neament on 
the northern projecti on of the scarps i s  strati graphi c contact and not a 
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faul t .  Even i f  these features are i nterpreted a s  part of the Sams Canyon 
faul t zone , our i nvest igati ons al ong the Di amond Fork have shown that the 
mai n  trace of the Sams Canyon faul t zone does not di spl ace al l uvi al  deposi ts 
wi th an estimated age of 150 to >350 ka . Therefore , we do not consi der these 
features to be a potenti al  sei smi c source . 

3 . 2 . 4  Charl eston Thrust 

A1 1 0cthonous rocks in the upper pl ate of the Charleston thrust faul t ( fi g .  3 )  
are overl apped on  the east by l ate Cretaceous and Tertiary sed imentary rocks 
( Baker ,  1976) i nd i cati ng that there has been no di spl acement on the faul t  i n  
the vi ci n i ty o f  Monks Hol l ow Damsi te si nce that time ; therefore , the faul t i s  
not considered a potenti al  source for l arge-magni tude earthquakes . The 
Charleston Thrust i s  the l owermost of a sequence of at l east s i x  imbri cate 
stacked thrust faul ts i denti fied south of the Ui nta reentrant (Morri s ,  1983 ; 
Tooker,  1983) .  The Charl eston Thrust was fi rst recogni zed by Baker ( 1947 ; 
Baker and others , 1949 ) southwest of Heber Va l l ey .  I n  thi s l ocation the 
thrust pl aces sedimentary rocks of Precambri an through Permi an age over 
sedimentary rocks of Permian through Jurassic age al ong a west-di pping , 1 0w
angl e thrust faul t wi th an estimated tens of ki l ometers of l ate Cretaceous 
eastward d i spl acement . The l ower pl ate paraautocthonous sequence of east
dipping Pennsyl vani an Weber Quartzi te and overlyi ng Triassi c and Jurassi c 
sedimentary rocks are exposed to the north i n  the Ui nta reentrant ( Beutner ,  
1977 ) .  

Fol ded Mesozoi c and Pal eozoi c sedimentary rocks i n  the upper pl ate of the 
Charl eston Thrust are exposed a l ong the Di amond Fork and at Monks Hol l ow 
Damsi te ( Ba ker , 1976) . The damsi te i s  l ocated on the east l imb of the 
Diamond Fork antic l i ne , a north-trendi ng fol d  i n  the upper pl ate of the 
Charl eston Thrust that i nvol ves both Mesozoi c and early Tertiary sedimentary 
rocks ( fi g .  3 and pl . 1 ) .  The Mesozoi c  rocks di p 300 - 600 and the overlyi ng 
l ate Cretaceous to early Tertiary Pri ce Ri ver Formati on d ips 100 - 300 
( Baker,  1976 ),  i nd i cati ng that di spl acement on the Charleston Thrust and 
related fol d i ng i n  the upper pl ate have been epi sod i c .  

3 . 3 Pre-Quaternary stratigraphY 

In thi s section we provi de a brief summary of the Pre-Quaternary strati graphy 
(pl . 1, fi g .  6, and table 1 ) .  For deta i l ed descri ptions of the rock uni ts 
and measured secti ons see Baker ( 1976 ) and Young ( 1978) . Permian mari ne 
sedimentary rocks i ncl ud i ng the Oqui rrh Formation ,  the Ki rkman Limestone , the 
Di amond Creek sandstone , and the Park Ci ty Formation i n  the upper pl ate of 
the Charleston thrust faul t are exposed west of the Li ttl e  Di amond Creek 
fau l t  ( fi g .  3 ) . Tri assi c and Jurassi c .  predomi nantly marine , sedimentary 
rocks i ncl ud i ng the Thaynes Formation , Ankareh Shal e ,  Nugget Sandstone , Twin 
Creek Limestone , Entrada Sandstone , Curti s Formation ,  Summervi l l e Formati on , 
and Morri son Formation are exposed i n  the Di amond Fork anticl i ne i n  the 
vi ci ni ty of Monks Hol l ow Damsi te .  

Late Cretaceous and early Terti ary al l uvial  and l acustrine deposi ts 
unconformably overl ie  Jurass i c  and ol der sedimentary rocks . These rocks are 
mapped as the Pri ce Ri ver Formati on by Baker ( 1976) . Wi thi n  the Bi l l ies 
Mounta i n  Quadrangle ,  Young ( 1978)  has subd i v i ded these congl omerates i nto the 
Cretaceous conglomerate and a Cretaceous and Pal eocene upper and midd le  Red 
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Narrows congl omerate . On the Geol ogi c Map of Utah (Hi ntze , 1980 ) and i n  
exi sti ng USBR reports these rocks are shown a s  the North Horn Formati on and 
that usage i s  retai ned i n  thi s report . These conglomerates are overl a in  by 
the Eocene Fl agstaff Limestone , shales  of the Col ton and Green Ri ver 
Formations , and the shales and sandstones of the Ui nta Formati on . 

Ti l ted vol can i c  rocks overl ie  the ear1 f Tertiary sedimentary rocks east of 
the Li ttl e Di amond Creek faul t ( fi g .  3 ) .  These rocks i ncl ude tuffs and 
bedded congl omerates referred to as the Wanrhodes vol cani cs by Baker ( 1976 ) .  
They are i nferred to be of Ol i gocene or Mi ocene age , al though they have not 
been di rectly dated . Young ( 1978 ) considers most of the vol canic  rocks north 
of the Di amond Fork to be the equi valent of the Ti bb1 e Formation ( Baker and 
Cri ttenden , 1961 )  and suggests that the vol can i c  brecci as south of the 
Diamond Fork are somewhat younger .  He al so maps Tertiary terraces and 
pediment gravel s ,  al though the deposits have not been dated . 
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