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Preface 

Guidebooks have been part of the exploration of the American West since Oregon Trail days. Geologic 
guidebooks with maps and photographs are an especially graphic tool for school teachers, University classes, 
and visiting geologists to become familiar with the temtory, the geologic issues and the available references. 

It was in this spirit that we set out to compile this two-volume set of field trip descriptions for the Annual 
Meeting of the Geological Society of America in Salt Lake City in October 1997. We were seeking to produce 
a quality product, with fully peer-reviewed papers, and user-friendly field trip logs. We found we were buck- 
ing a tide in our profession which de-emphasizes guidebooks and paper products. If this tide continues we 
wish to be on record as producing "The Last Best Geologic Guidebook." 

We thank all the authors who met our strict deadlines and contributed this outstanding set of papers. We 
hope this work will stand for years to come as a lasting introduction to the complex geology of the Colorado 
Plateau, Basin and Range, Wasatch Front, and Snake River Plain in the vicinity of Salt Lake City. Index maps 
to the field trips contained in each volume are on the back covers. 

Part 1 "Proterozoic to Recent Stratigraphy, Tectonics and Volcanology: Utah, Nevada, Southern Idaho and 
Central Mexico" contains a number of papers of exceptional interest for their geologic synthesis. Part 2 
"Mesozoic to Recent Geology of Utah" concentrates on the Colorado Plateau and the Wasatch Front. 

Paul Link read all the papers and coordinated the review process. Bart Kowallis copy edited the manu- 
scripts and coordinated the publication via Brigham Young University Geology Studies. We would like to 
thank all the reviewers, who were generally prompt and helpful in meeting our tight schedule. These included: 
Lee Allison, Genevieve Atwood, Gary Axen, Jim Beget, Myron Best, David Bice, Phyllis Camillen, Marjorie 
Chan, Nick Christie-Blick, Gary Christenson, Dan Chure, Mary Droser, Ernie Duebendorfer, Tony Ekdale, 
Todd Ehlers, Ben Everitt, Geoff Freethey, Hugh Hurlow, Jim Gamson, Denny Geist, Jeff Geslin, Ron Greeley, 
Gus Gustason, Bill Hackett, Kimm Haw, Grant Heiken, Lehi Hintze, Peter Huntoon, Peter Isaacson, Jeff 
Keaton, Keith Ketner, Guy King, Me1 Kuntz, Tim Lawton, Spencer Lucas, Lon McCarley, Meghan Miller, 
Gautarn Mitra, Kathy Nichols, Robert Q. Oaks, Susan Olig, Jack Oviatt, Bill Perry, Andy Pulharn, Dick Robison, 
Rube Ross, Rich Schweickert, Peter Sheehan, Norm Silberling, Dick Smith, Barry Solomon, K.O. Stanley, 
Kevin Stewart, Wanda Taylor, Glenn Thackray and Adolph Yonkee. In addition, we wish to thank all the dedi- 
cated workers at Brigham Young University Print Services and in the Department of Geology who contributed 
many long hours of work to these volumes. 

Paul Karl Link and Bart J. Kowallis, Editors 
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ABSTRACT 

The availability of ground water is a problem for many communities throughout the west. As these commu- 
nities continue to experience growth, the initial allocation of ground water supplies proves inadequate and 
may force restrictions on existing, and future, development plans. Much of this new growth relies on ground 
water supplies extracted from fractured bedrock aquifers. An example of a community faced with this prob- 
lem is western Summit County, near Park City, Utah. This area has experienced significant water shortages 
coupled with a 50% growth rate in the past 10-15 years. Recent housing development rests directly on com- 
plexly deformed Triassic to Jurassic sedimentary rocks in the hanging wall of the Mount Raymond-Absaroka 
thrust system. The primary fractured bedrock aquifers are the Nugget Sandstone, and limestones in the 
Thaynes and Twin Creek Formations. Ground water production and management strategies can be improved 
if the geometry of the structures and the flow properties of the fractured and folded bedrock can be estab 
lished. We characterize the structures that may influence ground water flow at two sites: the Pinebrook and 
Summit Park subdivisions, which demonstrate abrupt changes (less than 1 mi11.6 km) within the hydrogeolog- 
ic systems. Geologic mapping at scales of 1:4500 (Pinebrook) and 1:9600 (Summit Park), scanline fracture 
mapping at the outcrop scale, geologic cross sections, water well data, and structural analysis, provides a 
clearer picture of the hydrogeologic setting of the aquifers in this region, and has been used to successfully 
site wells. In the Pinebrook area, the dominate map-scale structures of the area is the Twomile Canyon anti- 
cline, a faulted box-like to conical anticline. Widely variable bedding orientations suggest that the fold is seg- 
mented and is non-cylindrical and conical on the western limb with a fold axis that plunges to the northwest 
and also to the southeast, and forms a box-type fold between the middle and eastern limbs with a fold axis that 
plunges to the northeast. The fold is cut by several faults including the Toll Canyon fault, which we interpret 
as a west-directed folded hanging-wall splay off the east-directed Mt. Raymond thrust. These complex geome- 
tries may be due to at least two phases of deformation. Results from outcrop analyses show that the fractured 
bedrock aquifers are lithologically heterogeneous, anisotropic, and compartmentalized. Two exposures of the 
Toll Canyon fault show that even though the fault cores may be thin, extensive damage zones develop in the 
Nugget Sandstone and Thaynes Limestone, and shale smears form in the Triassic shales. The damaged zones 
may be regions of enhanced fracture permeability, whereas the shale smears act as flow barriers. The orienta- 
tion, density, and hydrogeologic characteristics for predominate fracture sets vary within meters. 
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In the Summit Park area, chronic water shortages required new wells to be sited in the northeast-plunging 
Summit Park anticline. The anticline experienced two phases of folding and at least one episode of faulting. 
Structural analysis of the fold defined the geometry of the structure, and a down plunge projection along the 
fold hinge was used to estimate the location of the Nugget Sandstone at a depth of 700 ft (213 m). The crestal 
region of the anticline was drilled in order to intercept regions of higher fracture density in the fold. The test 
well penetrated the Nugget Sandstone at 698 ft depth, and two production wells with long-term yields of 120 
and 180 gpm completed. One well in the Sliderock Member (Twin Creek Formation) experiences seasonal 
fluctuations whereas production in the Nugget sandstone has only subdued seasonal variations, suggesting 
the Nugget may have great storage. 

Complex structures work against the typical basin yield approach for water budgets, therefore, water s u p  
ply estimates may benefit from detailed studies within local areas. The results of this study demonstrate how 
traditional structural analysis may be used as an integral component of ground water resource evaluation and 
management in regions developed on deformed sedimentary bedrock aquifers. 

INTRODUCTION mentary bedrock aquifers (Ashland et al., 1996). Even 

Growth in the Park City area of western Summit County, 
Utah (fig. I), has exceeded 5% per year during the past five 
years (fig. 2). This rate is expected to continue since Park 
City will host several events for the 2002 Winter Olympics, 
and as the area expands to a year-round "bedrock bedroom" 
community only 32 km/2O mi from Salt Lake City. The 
majority of this growth lies within the Snyderville basin, a 
physiographic basin bounded on the west, north, and south 
sides by high ridges of the Wasatch Range, and on the east 
by low hills underlain by Tertiary Keetley volcanic rocks. 
Two principle drainages, Silver Creek and East Canyon- 
Kimbd Creek, flow from south to north and ultimately drain 
into the Weber River (fig. 1). Ground water flow occurs 
through complexly folded and fractured bedrock and dis- 
continuous, thin unconsolidated valley-fill deposits, with 
most new development relying heavily on the fractured bed- 
rock aquifers for municipal water supplies (Ashland et al., 
1996). 

The increased water supply demands associated with 
dramatic growth necessitated a basin-wide hydrogeologic 
study (Ashland et al., 1996) which identifies the likely key 
hydrostratigraphic units and their future water resource 
potential. That report was part of a comprehensive evalua- 
tion of the ground water resources of the area conducted by 
the Utah Geological Survey and U.S. Geological Survey, 
Water Resource Division, for the Utah Division of Water 
Rights and local water developers. 

This field trip presents the results of integrating struc- 
tural geologic analysis with hydrogeology in a small region, 
and provides examples of how this integration assists man- 
agement and development of local ground water resources 
from fractured bedrock aquifers. Two development sites 
within the Snyderville basin will be discussed: the Pine- 
brook and Summit Park subdivisions (fig. 1). These sites 
depend on water supplies from fractured Mesozoic sedi- 

though the Pinebrook and Summit Park subdivisions are 
within 1 mile (1.6 km) of each other, the aquifer characteris- 
tics and consequent well yields between them are highly 
variable. The Summit Park area, which consists of approxi- 
mately 200 single-family homes, experienced water short- 
ages in the 1980s and further development there is limited 
by available water. At present, the Pinebrook area transfers 
water shares to Summit Park and consists of at least 700 
single family homes, and 300 multiple family dwellings, 
and a small community services area (Dan Schofield, Gor- 
goza Water Co., pers.comm., 1996). 

Based on a regional analysis of Snyderville basin, Ashland 
et al., (1996) suggest that at least 16 dlscrete structural and 
stratigraphic ground water compartments exist that may 
influence local water well production and the prediction of 
sustainable yields. This interpretation supports the need for 
detailed geologic studies within the proposed compartments 
to assess future ground water resources in this region. 

In this trip, we will provide a regional overview of the 
physiography, geology, and development history of the area, 
and we will then visit localities which provide examples of 
the geometry of the folds, faults, and fractures which influ- 
ence ground water flow. 

GEOLOGIC SETTING 

Stratigraphy 

Figure 3 summarizes the stratigraphy of the Snyderville 
basin and the units within Summit Park and Pinebrook. 
Rocks exposed in the study area include the Triassic Thaynes 
and Ankareh Formations, the Jurassic Nugget Sandstone, 
the Jurassic Twin Creek Limestone, and minor amounts of 
Quaternary alluvium. Knowledge of stratigraphy is vital in 
recognizing the distribution of productive versus non-pro- 
ductive (confining) units within the hydrogeologic system. 
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Figtire 1. Geographic location rncq) of the Snyclemille hyclr<cllogic 
husin, avid the f'inebrook cind Surmrait Purk sul~tEioisions in zoesfenl 
Szrrnmit C(ncrzt!y, Utah (moclifiecl from A.slz1und ct a/., 1996, cirttl t f z ~  
iiSGS Salt Ikke City 30 x 60 rtninute g~mclrrrnglc~). 

The 'I'l~aynes Formation (Xt) is comprisetl of thin- to 
thick-beddecl, greenirh-brown to browi, light-gray, pale- 
recl, and ocher, fine-grained, limy sartdstone arid slitstorle 
interbedded with olive green to dull-red sliale arid thick 
becltlecl, light gray, fine grained, fossiliferotrs lirnestont. 
(Crittenden et al., 1966; Bronlfield and Crittetrden, 1971). 
Boutwell (1912) and Birrnes and Sirnos (1968) d~scribcc~ a 

Year 

Figurr 2. P~~)icZadio~t (f' Surnrrtit County. Growth ut the currertt 
mtrs wc>ukl restilt in a $ce,foll increase in population between 
I980 nrtrl 2002. Source of' dmtm throtrgh 1995. Vcpar-ltnent of' 
Roratai?rg o~ul  Artnl!lsis, 1997. 

Mid-Hccl Shale urlit that separates the Thaynes into upper 
arrd lower members of nearly equal thickness. The Thaynes 
Formation in thi5 area is between 335 to 475 m (1,100 and 
1,500 ft) thick (Brotnfi eld, 1968). 

The At~karel Foilation consists of the lower Mahogany 
biember ('Ram), the middle Gartra Grit Member (% ag), 
ttnd the upper member (%a~t). The Mahogany Menher 
consists of approximately 305 m (1000 ft) of reddish-brown 
ancl pinkish-brown, locally ripple-laminated to finely-lami- 
rrated, fine-grained sarrclstone and siltstone, purplish mud- 
stone, and a &w thin limestone beds. Tlie Gartra Grit Mern- 
her is composed of white, pinkish-white, and pale-purple 
rrrassive, cross-bedded, coarse-grained to pebbly, strongly 
rilica certlented sn~idstone grading to a deep rnaroon to 
dark pu1711e, coarse-grained to pebI)ly, poorly cet~ierited sand- 
stone near t l~c  uppennost contact. Thickness ranges for this 
formation are hetween 75 to 200 feet in the Pinebrook sub- 
division study area. 'Tlie upper inember iricludes rnoderate- 
retl, grayish-red, and grayish-purple rnudstor-re and fine- 
graiiled sandstone and is gradational with the underlying 
G;;irtra Grit Mernber. This unit is very poorly exposed with- 
in tlie study area ai~cl approximate thicknesses range be- 
tween 69 to 275 m (225 to 900 ft) (Bromfield, 1968; Brom- 
field and Crittcndc.11, 1971). 

The Jurassic rocks consist of the Nugget Sandstone (Jn) 
ttncl tl-re Thin Creek Limestone (Jtc). The Nugget Sandstone 
is a salmon colored, fine- to medium-grained, medium to 
thick beclded, ir~ternally finely cross-bedded sandstone. 
The Nugget Satlclstone is about 243 tn (800 ft) thick in tlie 
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t'iguw 3 Str(~tzgr11p1111 rrrld 11t~tlrortrc~tlgrii~~l~1~ of  thu Anf?l)n?ctk ctrtrl Surrtr~rrt Pclrk trrl>(flt t \~o , i s ,  Smrtlrrirt C'orrrtfrl, I rcrh isricrrlijrc ti' frrttri 

litrztzt~ (198i'ij c ~ n d  ,4shlrrnrl (1  996)) 

Park (hty ,irca, and approximately 475 nr (1,500 St) thick in 
the Summit Park arrcl Pirrehrctok are;t\ (Jarvi\ and Yonkec, 
unpubli\hcd report, 1993). 

Thc 'litin Creek Limestone contains seven n~ernl>cr\: the 
Gypsr~nt Sprirrg, Slitlerod, Rich, Bounrlciq Ritlgt,. \.\.&ton 
Canyon, Let& Creek, and GiriIfi'e Creek. 7'he basal Gypsum 
Spring Mc>mber i\ a gypsiferou\, r td  to rtaddi\li-l)ro\vx~ 
clayey silt\to~re and \ilty claystone conkrining locd blocks 
of gray to P I I I ~  l imest~~rt~,  The upper rr~ciiibers of tlic, 'Evil\ 
Crcek Limotonc in t11e Snydenille b,i\in area arc ~rimari- 
1y olive-clr,il,-weatliering, gray, oolitic, finely cbrystalllirie, 
and clayel to tilty (micritic) lirnestolte. The %will Creek ic 
 bout 702 111 (2,600 ft) in the Summit Park \tudy arcla 
(Critterider~ et al., 196li: Hint~e,  1988; Imlay, 1967, J'ir~is 
and Yonkce, uiipubli~hcd report, 1993). 

Ashland e.t al., (1996) e\tal)lishcd a prelirninaq Irydros- 
tratigraphy of the layered rock unit\ it1 the study area (fig. 
3). They propose that \tratigfi~phic ground water cornpart- 
nlent\ (SGWCh) consistirig of fract~lretl lilrrestone ,inti sand- 
\tone art  \cparated by confining slial) bcds wlxldr may 
liave local hydraulic contllrctiv~ti~s '~ppro'lcl~irig tho\c. of 
u~~fract t~rc rock. This st.paration of permea1)le fractirrecl 

rock nilit\ 111 poor11 ~~cri~.teal>le vonlilrmg bct1.i rs t.1 lrlencc. 
o f  stnttigr,il>hic c~nrpartlxient~tl~r:'~ tiol I 

~1il~Ortdllt dClllll;*l.$ (S(:\Y(:4) I11 the iflid) X.E'QOII t l l ~ ' l ~ ~ 3 ~  

the two ltn~c\toncb rtirit5 of t h e  ?'lra\ne\ iflornr,itroi~, tfrrt. 
Nnggt-~t S,urclstorre, tlrc, R~cbJl ,trrtl i,cbcbds C r  rch tiit*rrit tcxr.i of 
tlic. 1 B 1 r l  Crcvl\ l,lrrit*\tonc, ,triil ~>otrr~trallv (:,u.tr,~ C:nt 
k1vtembt.r o f  the Anl\,cr c.11 Fol-~n~ttroir ( i\ltl,~rltl c.t '11 . 1 C39ti) 
"l'ht coiifirrrrig 01 t~~l~t",thdt Iiktbl\ inlrtb~t grx,rlrld water 
f . 1 0 ~  ~nclude the W1i-l Red ilt'tlc tinrt 01 rl.1~. 'l'ttat~rci 
For~ti~~tion, the lo\\ ctr part of' the .ClCihoil;an\ \lc~rnber and 
the 1ippc.r niernlwr of the 41rk~irclr F i ~ r n ~ ~ i t r t ~ t ~ ,  anti tht. 
C;!-p\\tnr Spring 'tncl Bornid'il-~ R I ~ ~ c  CIC'III~>CI I of the 'h in 

C:rrcll\ Forrn,tt~orr. 

Crrttelrden yt ,d . (1966) rrr,il~ptbcl tFic Srrrnrmt Krr l\ 'tncl 
Pi~l~I)rook drtkit'r \l .!11~'h XfTC '\I\() 111clll<ied In tlnc 1 ~O(~,f)C)~) 
sc'ih 1rr;q) o f  Br>;rrtt ( 1990) TIrc riiorlunctnt \tr?rctur c r u  thv, 
region 1s ilk(> ~~o r t fx~ ,~ \ t  \t~ikitiq \ i o t ~ t i t  R t t \ ~ x ~ o i ~ c ~  ti11115t (fig 
4). uhrch carticks Pcm~rsvlk arirair t l r ~  vr rgir Cr-tlt,tccxot~s rock\ 
I I ~  its. llanging wall jC:rittciicler~ el. ,rl , I I.)6fi, A n  ant, lSIjO) 



KEIGHLEY, ET AL.: BEDROCK GEOLOGY OF SNYDERVILLE BASIN, SUMMIT COUNTY, UTAH 329 

SALT 
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Figure 4. Regional fold train in Triassic (Tr = Thaynes and Ankareh Formations) and Jurassic (Jn = Nugget Sandstone) rocks in hanging- 
waU of Mount Raymond thrust (mod$ed from Bryant, 1990; Ashland et al., 1996; Jamis and Yonkee, 1993; Crittenden, et al., 1996). 
Macroscopic faults and folds present within study areas are noted. 

The traditional interpretation of the thrust is that the sinu- 
ous trace, interpreted on the basis of a small thrust in the 
Snydenille basin, reflects foldmg of the thrust plane (Critten- 
den, 1974; Crittenden et al., 1966; Bradley and Bruhn, 1988; 
Bryant, 1990; Yonkee et al., 1992). In contrast, Lamerson 
(1982) and recent mapping for Mobil Oil by McBride (pers. 
comm., 1996), suggests the thrust has a relatively straight 
strike across the area, eliminating the need for post-thrust 
folding. The Mount Raymond thrust plane dips gently north 
(fig. 5), and appears to be a smoothly undulating surface 
that records northward tilting but little or no folding of the 
thrust plane. 

Rocks in the hanging wall of the MRT are cut by a series 
of imbricate thrusts and folded within a fold train that 
extends for 20 km (13 mi) west of Park City (fig. 4; Bryant, 
1990). The folds trend northeast to northwest, plunge be- 
tween 5" to 72O, and are expressed in Triassic and Jurassic 
rocks with open to close box-like geometries. First-phase 
folds (referred to as F1) consist of a series of smaller-scale 
anticlines and synclines with generally north to northeast 
plunging fold axes, including the Summit Park anticline, 
the Toll Canyon syncline, and the Twomile Anticline exam- 
ined here. These folds developed above detachments with- 

in Pennsylvanian to Triassic strata, are locally associated 
with moderate to high angle reverse faults, and formed dur- 
ing an early phase of shortening. An early spaced cleavage 
(referred to as Sl), defined by spaced seams of clay-rich 
material, is widely developed within the Twin Creek Forma- 
tion. S1 is subparallel to F1 fold axes and strongly fanned 
about F1 folds, indicating that cleavage formed during ini- 
tial shortening. Second-phase folds (referred to as F2) con- 
sist of larger-scale anticlines and synclines with gently east- 
northeast plunging fold axes, including the Parley's Canyon 
syncline and adjacent Spring Creek anticline and Emigra- 
tion Canyon syncline. A weakly developed second cleavage 
(referred to as S2) formed during F2 folding. F2 folds may 
correlate with a series of folds exposed further north that 
formed during large-scale slip on the Crawford thrust 
(Yonkee and others, this volume) development of the Uinta- 
Cottonwood arch, or during Medicine Butte, and Absaroka 
thrust systems. 

The structures of interest on this trip are the informally 
named, Summit Park anticline and syncline, the Toll Can- 
yon syncline, the Twomile Canyon anticline, and the Toll 
Canyon and Twomile Canyon faults (fig. 4). We believe that 
understanding the aquifer and confining layer geometries 
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Figure 5. View to the southeast of the best-jt surface (in grids) of the Mt. Raymond thrust. Surface is a minimum curnature surface calcu- 
hted from digitized points along the thrust trace (dashed line) using SURFER software. Gentle north dip of a srnooth surface is suggested 
by the data. Coordinates are in feet from a datum on the Park City West quadrangle. Vertical scale is in feet above sea level. 

are important for ground water resource management and 
development in this region. 

Data Collection and Methods 

Geologic mapping and structural analysis at a scale of 
1:4500 were completed over an approximately 6 km2 (2.25 
mi2) area to characterize the geometry of the Twomile Can- 
yon anticline and macroscopic faults within the Pinebrook 
subdivision. Fracture systems in the sedimentary bedrock 
were characterized by using a modified version of the scan- 
line technique (LaPointe and Hudson, 1985). Geologic map- 
ping and cross-sections at a scale of 1:9600 were completed 
as part of a well siting and well head protection plan for the 
Summit Park subdivision conducted by Weston Engineer- 
ing in 1994-95. 

ROAD LOG 
elapsed total 
mileage mileage 

0 0.0 Start trip from Salt Palace. 
0.3 0.3 (approx) Travel south from the Salt Palace 

(approx) until a left (east) turn can be made. Down- 
town construction alters this. 

0.3 0.6 Turn right (south) onto State Street. Travel 
south to 1-80, 

3.2 3.8 Turn left (east) onto 1-80 east bound. 
1.4 5.2 Cross approximate trace of western splay 

of WFZ which has Holocene fault scarps. 
The East Bench fault forms prominent 
scarps along the 9th-11th East area in 
Salt Lake City (Personius and Scott, 1993). 
View to southeast of central part of the 
Wasatch Range. The steep slope of Mount 
Olympus consists of Tintic Quartzite in 
the footwall of the Mount Raymond thrust. 
Precambrian Big Cottonwood Formation 
and basement rock of the Little Willow 
Series core the Cottonwood arch to the 
south. Oligocene granite and quartz mon- 
zonite intrusions locally cut the crest of 
the arch. 

2.2 7.4 Junction with Interstate 215. Continue 
west on 1-80. 

0.6 8.0 Cross approximate trace of eastern splay 
of WFZ along base of mountains. 

1.1 9.1 Fractured and faulted sandstone beds of 
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Nugget Sandstone are exposed in road 
cut. A locally faulted contact between Nug- 
get Sandstone and Sliderock and Gyp- 
sum Spring Members of the Twin Creek 
Limestone is exposed to the northeast. 
Heading northeast on 1-80 we will be 
cutting obliquely across the SSE limb 
and hinge zone of the Parleys Canyon 
syncline, a major ENE trending F2 fold, 
and also across a series of smaller scale, 
N- to NE-trending F1 folds developed 
in Triassic to Jurassic strata above de- 
tachments in Permo-Pennsylvanian strata 
(fig. 4). 

0.6 9.7 Argillaceous, fine-grained limestone of the 
Rich Member of the Twin Creek Lime- 
stone is exposed in roadcuts, and is de- 
formed by spaced cleavage, multiple vein 
arrays, and minor faults. An earIy, strong- 
ly developed, N- to NE-striking, steeply 
dipping cleavage is associated with F1 
minor folds and early layer-parallel short- 
ening. A later, weakly developed, ENE- 
striking, gently dipping cleavage is asso- 
ciated with the Parleys Canyon syncline 
(see Yonkee et al., this volume, for details). 

0.7 10.4 Overpass. Complex folds are developed 
in the Watton Canyon Member of the 
Twin Creek Limestone, and spaced cleav- 
age is strongly fanned about the folds. 

1.6 12.0 Ranch exit. Argillaceous to silty limestone 
beds are cut by minor fault zones in road 
cut to northwest. Cores of minor faults 
contain scaly, clay-rich material that may 
form impermeable bamers to ground 
water flow. 

2.0 14.0 Mountain Dell exit. The ENE-plunging 
Spring Canyon anticline is exposed to the 
NNW (Crittenden, 1965). The anticline is 
cored by faulted Triassic rocks, and may 
continue northeast into the frontal anti- 
cline of the Crawford thrust sheet. 
Conglomerate beds exposed to the north 
along East Canyon may display progres- 
sive unconformities above the underlying 
tighter Parleys Canyon syncline and 
Spring Canyon anticline, recording most- 
ly Late Cretaceous development of F2 
folds (Mullens, 1971). 

1.9 15.9 Lambs Canyon exit. NNW-dipping sand- 
stone and conglomerate beds of the Cre- 
taceous Kelvin and Frontier Formation crop 

out hrther north toward the hinge of the 
Parleys Canyon syncline. 
Parleys Summit. Red siltstone and sand- 
stone beds of Preuss Formation dip NNW 
in road cuts. This information also con- 
tains salt-bearing intervals, and appears 
to have formed an important regional 
decollement during Cretaceous thrusting 
(Yonkee et al., this volume). 
Road cut in micrite beds of Twin Creek 
Formation. Summit Park is to southwest. 
Pass exit to Jeremy Ranch. Sandstone beds 
of Nugget Formation exposed in the quany 
to the west lie within the northwest limb 
of the hanging-wall ramp anticline which 
is discussed in stops 1 and 4. 
Junction with Utah Highway 224 from 
Park City. Exit 1-80. Turn right (south) on 
Highway 224. Travel 1 block to traffic 
light, turn right. 
Turn right at the traffic light. Travel 1 
block, and turn right onto the frontage 
road. Proceed north along the frontage 
road. 
Hi-Ute Ranch on left. The hills north 
across the freeway are underlain by 
northeast dipping Triassic and Jurassic 
rocks in the hanging wall of the Mount 
Raymond thrust. 
Junction with Pinebrook Drive-Entrance 
to Pinebrook Development. Turn left. 
Turn right. 
Turn left. Proceed along Pinebrook Road. 
Sharp bend in street. Veer left (south). 
Hair pin bend in street. Veer north. 
Road bends west. Stop 1. 

Stop 1. Pinebrook Overview 

The Pinebrook subdivision (figs. 1 and 6) is an excellent 
example of the extensive "bedrock community" develop- 
ment that is occumng within western Summit County and 
the Park City area. Pinebrook includes the southeast half of 
section 10 south through the east half of section 15, to the 
southern half of section 11 and south through section 14, 
T.1.S. R.3.E., Park City West 7.5 min quad.), bounded on 
the west by Summit Park and Timberline subdivisions and 
by 1-80 to the north. The development boundaries are also 
Pinebrook's water rights boundaries. Pinebrook is intriguing 
because its wells are more productive than those in sur- 
rounding communities, it contains abundant high-quality 
bedrock exposures, and the structures are poorly understood. 
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nassic Ankareh Formation -..-Contact, dashed where approximate 
-n 4 *Fault trace, dashed where approximateL 

U- upthrown side, 0-downthrown side 

8$ strike and dip of bedding 

Figurc 6. Location, regional geoln~Sic setting, geologic map cmd cle.1;~10~nnenf ($tlzc Pinaln-ook subrlicision area it i  zuesterrz Sulnlnit Cnt~nty 
nmr Park City, Zitc~h. Rc~kl rrwpping zuas corriplctcd in sections 14 11, 14, 15, T1 S, R3E using the USGS Park Cittt Wht y?~ud.rangle. 
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Table 1. Summu y of Hydrogeology for Pinebrook Wells 
(CRS Consulting Engineer's Znc., 1995; Gorgoza Mutual Water Company, oral comm., 1997) 

Formation 
Well # / Name Penetrated Well Depth Well Yield Description 

(see Figure 6) (feet) (!am) 

Spring Tank 
(Twomile Spring) 

Dan's Well 

Nugget 
Sandstone 

Thaynes 
Formation 

Thaynes 
Formation 

Thaynes 
Formation 

Thaynes 
Formation 

Thaynes 
Formation 

Thaynes 
Formation 

Thaynes 
Formation 

40-175 Seasonal production 
fluctuations common 

150-200 High turbidity, 
low usage; 

7/97 yield @ 80 gpm 

300 85 feet of alluvium; 
7/97 yield @ 240 gprn 

1000 Thaynes at 535 feet; 
artesian flow 
March- June 

- Not in use 7/97 

Deepened from 
800 ft (6/96) 

60-240 Natural spring; 
7/97 yield @ 195 gpm 

125-200 Seasonal production 
fluctuations common 

This setting provides an excellent opportunity to use struc- erally north-northeast plunging folds that most likely devel- 
turd analysis at various scales to understand the subsurface oped with movement and/or re-activation on the MRT and/ 
structure and its relation to the hydrogeologic system. or related backthrusting. A second phase of east-northeast 

trending folds (F2) appears to have rotated some of the F1 
Structural and Hydrogeological Setting folds, locally up to 40°-600. Elsewhere, northwest plunging 

Fractured bedrock units include the Triassic Thaynes 
and Ankareh Formations and the Jurassic Nugget Sand- 
stone (fig. 3). The Thaynes Formation and Nugget Sand- 
stone provide Pinebrook with its' water supply (refer to 
Table 1 for well information and fig. 6 for well locations). 
Average production rates for wells in these aquifers range 
from 40-1000 gpm, with higher average yields associated 
with increased annual precipitation (Gorgoza Mutual Water 
Co., oral comm., 1996). These formations lie within a hang- 
ing wall ramp-anticline, referred to as the Twomile Canyon 
anticline (figs 4 and 6) after Ashland et al., (1996), of the 
Mount Raymond thrust (MRT). The nearest exposure of 
the MRT occurs approximately 3 km (1.9 mi) southeast of 
Pinebrook (fig. 4). This fold train consists of a series of gen- 

folds may have folded northeast plunging folds. Possible 
causes of the F2 folds include: (1) reactivation along the 
MRT or younger thrust systems, (2) slip on a lateral ramp, 
or 93) rotation related to uplift of the Uinta arch (Bradley 
and Bruhn, 1988; Bruhn et al., 1986; Bryant, 1990; Yonkee 
et al., 1992). 

The other major structures in Pinebrook subdivision 
include high-angle faults (fig. 6) : (1) the Toll Canyon fault; 
(2) the Twomile Canyon fault, and (3) a previously unmapped 
fault, a possible splay from the Toll Canyon, in the northern 
section of the study area. The presence of these faults and 
the superposed folding within the study area complicate 
the interpretations of the structural and hyrdogeological 
setting. 



Regional ltyclrogeologic studies suggchrt that the aquifers 
in this area rrlay be strrrcturally (e.g. f;xitlts) arid rtratigraphi- 
cally je.g. Micl Red slralv i~nit  in tllc Thayrtes R)ri~iatiori) 
comp;utrnerrtidi~t~cl (Ashland et d., 19%). ,k1tlitiorkkl acluifer- 
test data will l>e ~icctled to deli~leate arid corrfirt~i tlie 
hyclrogeologic compartnl~nts associatecl with the proposed 
gcology for the Pinebrook ,tnrl Sutnrtmit I%rk sul)divi\ion\. 

Structural Axlidysis 

Structural analysis in tlie Pine1)rook sr1hdi\7isiorr (fig. '7) 
arc: (1) bc.dding attitudes areh very scattared ,i~lct tlo rtot cori- 
fonn to a1 5irlgle great-circle ( inter l~r~t  a\ a nort-cyliric~rical 
fitlcl if fitrrticd by one defbtmational event or e\~itlcnce for 
refolding al~out a non-parallel fold xis); (2) cylinclria~l k t -  
Lit tests to t l ~ r  hed data generate a11 overall fold axis orienta- 
tion of 5Ei0/038" for tile Tworn~le <:anyon anticlitre (fig. '74; 
and (3) a Kanrb eontortr plot (fig. 711) delineates four dip 
domains (la-\teep to overturned SE dips; Ib-steep to over- 
turned NW and SE dips: IIa-moderate to steep NE dips; 
arid Ill)-moderate-steep N-NE dips). Tlie preterrcd fold 
geo~nrtry interpretation for these ditta is hiterprrtatiori h 
shown in fig\ 7c.-e. Irite~prt~tatiotl A wggests a partly rlon- 
cj?lindrical, r-torthmest to solttheust pltltiging conical Sold 
(figs Ye. And 7d.) in the western portion of the sttlcly area 
that rotate5 into a cyli~idrieal, north plvr~git~g box-like ktld 
to the east (fig. Ye.). Another, less complex, folcl geon~etry is 
Interpretation I3 rhowri in figs 7f:-11. Tliis iritcrpretation 
assrtme5 c) liridrical foldir~g and suggests a gently to rnoder- 
ately plungtng, segrneutc3tl lmx-like fold with t1rrt.e cli5tinct 
a ia l  sudalcr~s: a. 282"/1$" N\li, 1,. 339O/75" NE, and c. 19fi0/ 
82" NkI'. 

The clistrihntion of tlic preclo~nitratc~ hacture trend, prc- 
sent throi~ghout the study area are s1iown in rose tliagrams 
in fig. 8. ?'tte\e plots clcmonrtrate the variation in fracture 
orientations within very rliort ctistancc.s. as indicated 1)y 
comparing the plots at each station with the station loca- 
tions  show^^ in fig. 6. Thc plots may l)(& usc.fitl in cfeterrnin- 
ing flow clirections tlrroughout the Twomile Cariyitri anti- 
cline. 

'Elm v~llielcs around. Rchtrtrn doun Pinel~rook Roatl. 

0.4 30 8 Hair pill in street. 
0.35 31  1 Junction at hair pill. \?c.cr right. 
0.1 :312 Dirt rclacl to Spring 'Etnk. Park licrca aiid 

~ d l i  to \top. 

Stop 2. Spring Tank Outcrop 

This sit(% is situated id tlic Spring 7:;urk (Twonlile Spring) 
\veil sliowr~ in fig. 6. The 'Twontile C:atlyot-t fat~lt, n ~iorth- 
\triki~ig, east-clipping to 'i'ertiail rcbver\e ftt111t that c~lts tlie 

INTERPRETATION B 

Figtlw 7 l%M utaalljsi~ j11ots i$!)ecll(lirig ciuft~ itt ~ J I C  Pit t~Im~ok ~ ~ 1 1 ) -  

cltt ision, Summit ("ozlntrj, Llfi~h C:!yliri(Zncal fit lo I~cWing plnnc, 
poki  gc~ttc.rc~fi,s (1 fi1ol cryis 1r.erzil c~rltl plringr of 03#0/t550 1; Dip 
rlornnltlt detc.rrrlinrt1 froin Kr~nlb i.otltour i$ bc~rhli?lilrg plnttr, pok~s 
(ittd r t l q )  ~"t~lc l f io~~h/z tp~ tlrown in fig 6 I?ltery?rchtioti A c (:onzi.uk 

$1 to or tv-tui-rrcct toestt>i~t Eirnl) jl)ip I)otrz(~~t~ Iiij ge~ncratt~s (1 j i~lil 
nrn ($298 O/23 q Jt~zlf-(ipi(. iitzglc ($1 H O, d C:onic.nlfif to nortl~tccat 
ohp[xttg to rerticcll, non-o~ elilrh~t-tlcd /inth (DL/? Ditinaltz 114 ge7tc7r- 
aicr ci fikl u.ris of 12/i0/21 9 hc~lflapiccrl angle o$ 179 e. Ct/lzrtr/r-ictil 
fif to riortlz-ilzp)~)lng cmd iiortlz-c~lst tl~pping lin~bs (Domnztu 11a ilnil 
lib) g(~rrc~,-utt.c a j;jk( ilxi~ of 005"/+5(i0 Infety)rftuftorr B f' C~/lznllric 
fit fo I)omai~ls la nnd I17 g ~ n ~ r [ l t r i  (1 fold rtxii O$ 032°/1.3Y g. 
Cylintlricnl f i t  to Donruins lb cinil Ill? getac~rnli.~ or fijlrl cryis of' 
004'7f5H0, 11. C~tlit~cl~-Ii,ol fit to llorr~nins 110 ark(! Ilh ger~c~rc~fe\ t h ~  
rarrte fbld oris sliozcn irt e 

Th:tytlc\ Fonnatiorr ricar the crt%st ofthe atmticlinc, is infemd 
to pa\\ just to the cad of this site, Tl-te Twomile Spring well 
,tt this bcatioti, and Daris well to the soitth\\?ckst, penetratt. 
tlme 'l'l\,tynes acpifer with yirlrls between 125300 gpni 
(T;~l)ltl 1). Spri~tg discltarge hydrographs tutd well logs citg- 
gcst that gl-ouncl water flou at tliis 1oc:ttioil i \  controlled 11y 
i r i t e r~onncc t~  fractures (CRS Consulting Ktigi~lters, IIIC., 
1995). 

'The Thaynes tiommation consists of intchecldecl lime- 
stoner, uucl 5lrales, strikes rrortlmc~ast, atrd is nearly vertical at 
this location (figs 92. and 911). Fracture dat;t was collected 
alollg vertical ;tnd ltori~ontal scattlines tl\rotrgIi bctl5 of 
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Figure 8. Equal area rose diagrams showing relative frequency offracture trends for each of the stations located infig. 6. Circle perime- 
ters range between 25-50%. A. Major fracture sets observed at qualitatiee sampling stations. B. Results ji-om detailed sampling methods 
using fracture scanline survey techniques at indicated stations. 

varying thicknesses. The predominate fracture sets for 
thick, medium, and thin beds are highlighted in fig. 9a. 
Four main fracture sets and the fracture sets with small 
amounts of offset are observed on the stereonet plots (figs 
9d.,9e., 9c.). Results from this analysis of the scanline data 
supports the sets determined qualitatively using the photo- 
graph in fig 9a. For each fracture set, the spacing increases 
with bed thickness, with the most common sets, the south- 
east-dipping joints (J2) and joints parallel to bedding ( J l )  
present throughout the outcrop in the thick, medium, and 
thin beds. 

0.4 31.6 Intersection with Big Spruce Way. Turn 
right. 

0.3 31.9 Intersection with Tall Oaks Drive. Turn 
left. 

0.3 32.2 Note complexly deformed Triassic 
Ankareh beds on left side of road. 

0.2 32.4 Intersection with Tall Oaks Circle. Turn 
left and park. Stop 3. 

Stop 3. Tall Oaks Circle--The Ecker Hill Fault 

The Ecker Hill fault juxtaposes the Thaynes Formation 
and Mahogany Member of the Ankareh Formation. This 
fault may connect or splay off of the Toll Canyon fault in the 
western portion of the subdivision. The fault surface is 
undulatory with an average orientation of 305"/65" NE. 
Figure 10 is a geological map of the site plan view and 
structural geology of this site. A damage zone of intense 
fracturing extends for at least 3.5 m (11.5 ft) north of the 
fault into the Thaynes Formation, with 0.25 to 0.50 m (0.8 
to 1.6 ft) of clay gouge adjacent to the fault core. The damage 
zone on the south side of the fault is represented by a 1 m 
(3 ft) thick clay smear in the lower Ankareh Formation (fig. 
11). Filled veins, open fractures, and small faults extend for 
several meters north of the fault core and immediate dam- 
age zone in the Thaynes Formation. Based on these obser- 
vations and the high clay content of the fault core, the fault 
may act as a combined conduit-banier system as described 
by Caine et al., (1996). Ground water flow may be minimal 
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L 

N = 38 Bedding planes N = 6 Offset fractures 

bt N = 563 Joints u-/ N = 563 Joints 
C.I. = 2.0 sigma Circle = 265  

Figure 9. Structural analysis of the Spring Tank outcrop (station gg. inflg. 6). a. Major fracture sets are: i.) ~1--020°-0300/800-900 SE; ii.) 
1 2 4 . 6 5  '-90 '11 8 " 4 0  iii.) 13-1 05 '133 " Sx iv.) 1 4 3 1  5 '135 ' 4 5  9 Scanline results: b. Average bedding at this outcrop is 030 '190 9 c. 
Orientation of fractures with oflset; d. Poles to joint planes measured at scanlines; and e. Rose diagram of joint strike data further illus- 
trates the dominantfiacture sets at this location. 
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5 meters . 
15 feet 

Figure 10. Map view of Tall Oaks Circle outcrop. Orientations of joints are plotted with Rose diagrams south of the fault within the 
Triossic Mahogany Member of the Ankareh Formution (Kmj ,  and nwth of the fault in the Thaynes Formation (Etj. Poles to small planes in 
the Thaynes F m t i o n  are also shown. The main fault is the Toll Canyon fault (in- related splay) outlined with the relative thicknesses of 
the gouge zones on either side of the fault. 
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Figure 11. Gouge present at fault contact between the Thaynes 
Formation and Mahogany member, lower Ankareh Formation. - - 
Gouge zones in the Thaynes and Ankareh Formations are approxi- 
mately 0.25 to 0.50 m (0.75-1.5 ft) and up to 1 m (3 ft) thick, 
respectively. Extent and pervasive fracturing within the damage 
zone coupled with the high clay content near the fault core suggest 
the Toll Canyon fault at this location acts as a conduit-barriersys- 
tern (ajler Caine et al., 1996). 

perpendicular to the fault within the immediate fault core 
and damage zone, but may increase to the north of the fault 
into the heavily fractured limestone beds. Flow to the south 
of the fault would most likely be parallel to bedding but the 
abundance of clay-fill within the fractures in the shaly unit 
would tend to impede flow. 

Return to Pinebrook Road. (Note: An optional trip is to 
continue south to the end of Tall Oaks Drive, for overview 
of Winter Park Sports Park, Snyderyille Basin, and Park 
City region.) 

extend from this lot southwest through the gully north of 
sr-1, and to the east represented in fig. 6 by the approximate 
contact between the Nugget Sandstone and the Mahogany 
member of the Ankareh Formation. A damage zone at lot 
sr-1 characterized by pervasive fracturing and faulting of 
the Nugget Sandstone extends for at least 50 m (164 ft) to 
the south of the concealed Toll Canyon fault contact (fig. 
13). Scanline data were collected at sr-43 and sr-1, but not 
at the fault contact because it was buried before detailed 
work was completed. The fault cores present throughout 
outcrops sr-43 and sr-1 are composed of brecciated sand- 
stone and clay gouge, but are very thin 2-4 cm (0.8 to 1.6 
in) average (fig. 14). Because of the nature of the damage 
zone, we suggest the Nugget Sandstone has enhanced per- 
meability in this region and corresponds to a distributed 
conduit system as described by Caine et al., (1996). Other 
observations that suggest the Nugget Sandstone and the 
Toll Canyon fault form conduits at this location include: (1) 
during spring runoff flowing water occurs parallel, with 
seepage perpendicular, to the small faults at outcrops sr-1, 
sr-42, and sr-43; (2) pooling water was present into early 
summer at the sr-43 basement excavation; (3) builders have 
had to install pumps to divert water at the Sunridge lots 
identified on the map in fig. 12. 

0.7 34.8 Proceed on Sunridge Drive. The Ridge to 
the north is underlain by the Gartra Grit. 
Turn right on Gambel Drive. 

0.1 34.9 Intersection with Boothill Drive. Turn 
right. 

0.1 35.0 Intersection with Wagon Wheel Drive. 
Turn right. 

0.2 35.2 Intersection with Pinebrook Road. Turn 
left. Return to Frontage Road. 

0.9 36.1 Frontage Road. Turn left (northwest). 
2.4 38.5 Exit from 1-80. Begin to enter Summit 

0.5 32.9 Intersection with Big Spruce Way. Turn Park Subdivision. Continue straight. 

right. 0.4 38.9 Road bends sharply south (left) 
0.3 33.2 ~~~~~~~~~i~~ with pinebrook ~ r i ~ ~ .  T~~~ 0.2 39.1 Road intersection. Turn sharply left. Con- 

right. tinue on this road. 
0.3 33.5 Turn left on Ecker Hill Drive. 0.75 39.9 Road widens at outcrop of Jurassic Twin 
0.35 33.9 Turn right on Stage Coach Drive. Creek Formation. Park here for Stop 5. 
0.2 34.1 Sunridge Drive intersection. Turn right 

and park for Stop 4. Stop 5. Summit Park 

Development in the Summit Park area, combined with 
Stop 4. Nugget Sandstone at Sunridge-Toll large seasonal fluctuations in water production from exist- 
Canyon fault ing wells, had led to water shortages in this area during the 

Pervasive fracturing and faulting of the Nugget Sand- 1980s and early 1990s. Because of the need for more water, 
stone in the footwall of the Toll Canyon fault occurs at this a test well siting program was initiated in 1993, and two 
location. The Toll Canyon fault contact was uncovered final production wells were completed in 1996. Successful 
briefly during excavation of lot sr-43. The fault is inferred to siting and completion of the wells illustrates the impor- 
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Figure 12. Sunrirlge outcrop site map. Rose diagram plots repre- 
sent joint strikes and stereograms display poles to fault planes for 
data collected along each scanline. 

tance of incorporating expertise from a variety of areas, 
including structural geology and hydrogeology. Pre-existing 
wells in this area had been completed in the complexly 
deformed Jurassic Twin Creek Limestone, but had only 
produced moderate amounts of water. Fractured sandstone 
of the underlying Jurassic Nugget Sandstone was selected 
as a likely target for a test well, but because of the complex 
structure and varying lithologies present in the area, detailed 
mapping and structural analysis were first undertaken. Here 
we discuss lithological and structural characteristics used to 
site the test well and briefly summarize completion of the 
production wells. 

The main rock intervals of interest in the Summit Park 
area are the Nugget Sandstone and Twin Creek Limestone 
(figs. 3 and 15). The Nugget Sandstone consists of well 
sorted, variably cemented sandstone cut by widely to close- 
ly spaced fractures. Permeability is variable, being highest 
in areas of more intense fracturing and lowest in areas with 
silica cementation. The Twin Creek Limestone is divided 
into lithologically distinct members that have important 
controls on ground water flow. The basal Gypsum Spring 
Member consists mostly of mudstone and forms a ground- 
water compartment bamer with very low permeability per- 

Figure 13. Photo of a portion of the Sunridge sr-1 outcrop showing 
location of scanline srl-2; a. represents location of fault core photo 
infigure 15. 

Figure 14. Fault at 6.32 meters along scan sr-1-2. Fault core com- 
posed of 2 centimeters of foliated clay with intense iron-oxide 
weathering. Damage zone extends from 5.9 meters to 6.55 meters. 
This fault is r~pproximately 50 meters to the southeast from inferred 
Toll Canyon falilt contact. The percentage of datnage zone relatizje 
to fault core is high, suggesting a distributed conrluit system as 
defined h y Caine et al., (1 996). 

pendicular to bedding (Ashland et al., 1996). The overlying 
Sliderock Member consists mostly of thick-bedded, bioclas- 
tic to oolitic limestone that is moderately to strongly frac- 
tured, and probably has variably high permeability. The 
Rich Member consists of clayey to silty, fine-grained lime- 
stone that displays well developed spaced cleavage at high 
angles to bedding. Secondary fractures along cleavage seams 
are generally small and probably mostly closed at depth, 
suggesting overall low permeabilities. The Boundary Ridge 
Member includes thin-bedded silty limestone and mud- 
stone that probably have very low permeabilities perpen- 
dicular to bedding and form another ground-water com- 
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Fig14r~ 16. Ge>ologir cross sc2rtion A-A 'throt~gh the Sununit Park urea. 

partment barrier (Ashland et al., 1996). The Watton Canyon 
Mernber consists mostly of dense limestone cut by moder- 
ately to wiclely spaced, thicker cleavage seals. Longer, wider 
secondary fraet~lres along tliese seams may be partly open 
at depth and some fracturt>s ntay have rtrrctt%rgone dissolil- 
tion widening, resulting in overall moderate to high perrne- 
abilities. The Leeds Creek hfeniber consists mostly of clayey 
to silty, fine-grained limestone that displays variably devel- 
oped spaced cleavage and pencil fractrlring, but most frac- 
tures are sniall and probilldy closeci at depth resulting in 
overall low permeability 

The Summit Park area lies within co~nplexly deformed 
rocks affected by F1 and F2 phases of folciing and at least 
one phase of fat~brrg (Crittenclen and others, 1966; Bradley 
and Bmhn, 1988; Bryant, 1990; Yonkee and others, 1992; 
Jarvis and Yonkee, 1993; fig. 4). Thc dominant sti~~ctural fea- 
ture in the area is the Sunlrnit Park anticline. The anticline 
has a moderately southeast-dipping southeaqtern limb, a 
moderately north- to norttrwest-dipping northwestern limb, 

and a colnples hinge region that changes geometry with 
structural level (figs. 15 and 16). Withixi the Nugget Sand- 
stone the two limbs are separated hy a high angle fault 
along a sharp hinge; within the lower Twin Creek Lime- 
stone the fold is box-like witlr a central, p1ar.n~ hinge region: 
and in the upper Twin Creek Limestone a IIroad, rounded 
hinge region is marked by dishan~lonic minor folding and 
faulting. The fold is overall riortlicast plunging, but is non- 
cylindrical, being partly conical and also having a cnrvilin- 
ear hinge line. The anticline is l~ouncled on the southeast by 
die Summit Park Gnlt zone, wl~ich includes two branches 
that bound a complexly defornied, steeply southeast-dip- 
ping to overturned parlel of rocks. The lower 61ult branch 
bounds the northwestern lin~l) of the Suri-rrtiit syncline and 
dips steeply northwest. The upper fadt branch bounds the 
southeastern lirnb of the anticline ancl ctlmes slightly, prob- 
ably reflecting a steeply dipping fa~tlt that changes strike 
and diverges upward from the lower b ~ i ~ l c h .  Although exact 
sIip directions on the f id t  branches are unknown, both 
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faults probably have a significant component of top-to-the- 
southeast reverse slip. Geometric and spatial relations be- 
tween the fault branches and anticline are consistent with a 
general model of fault propagation folding. A variety of small- 
scale deformation features are also present in the anticline 
hinge region. The Nugget Sandstone is cut by widely to 
closely spaced fractures, the Sliderock Member is locally 
faulted and thickened by minor folding, and the Rich Mem- 
ber displays vein arrays and well developed spaced cleav- 
age at high angles to bedding. 

Jarvis and Yonkee (1993) completed a report incorporat- 
ing mapping and structural analysis, and proposed a test 
well site in the hinge region of the Summit Park anticline 
(figs. 15 and 16). This site was chosen based on access and 
estimated depths to fractured strata of the Nugget Sand- 
stone in the subsurface. The Nugget Sandstone, as well as 
the Sliderock and Gypsum Spring Members, are exposed 
south of the test well site, and using the mapped location of 
the Nugget contact and an average apparent dip of 55' NE 
along the fold hinge, the estimated depth to the top of the 
Nugget was about 210 m (700 ft) at the proposed test well 
site. However, this estimate was somewhat problematical 
due to possible variations in bedding orientations from non- 
cylindrical folding and complex internal thickening in the 
hinge region. 

The test well was drilled from 1994 to 1995 under the 
supervision of Weston Engineering. The well started in the 
Rich Member, drilled through fractured, permeable lime- 
stone of the Sliderock Member and impermeable mudstone 
of the Gypsum Spring Member, and encountered the top of 
the Nugget Sandstone at 698 feet (212 m). Initial pump 
tests indicated adequate water quality and quantity from 
both the Sliderock Member and Nugget Sandstone. Two 
final production wells were then drilled from 1995 to 1996 
under the supervision of Weston Engineering, with well 7 
cased through the Twin Creek Limestone and completed in 
the Nugget Sandstone and well 8 completed in the Slide- 
rock Member (Weston Engineering, 1996). Pump tests in&- 
cated that well 7 could sustain a long-term yield of 180 gpm 
and well 8 could sustain a long-term yield of 120 gpm, and 
that pumping of each well did not produce drawdown in 
the adjacent well or in other nearby wells, probably indicat- 
ing that the Nugget and Sliderock aquifers are separate and 
confined. Well 7 had a static water level of about 26 ft (8 m) 
below ground level that showed subdued seasonal fluctua- 
tions, whereas well 8 had a static water level between about 
100 and 150 ft (30 and 45 m) below ground level that varied 
with seasonal variations in infiltration of rain and snowfall. 
These relations may reflect rapid recharge and low storage 
within fractured limestone of the Sliderock aquifer, versus 
greater storage within the Nugget aquifer, which has vari- 
able grain-scale porosity in addition to fractures. 

The well locations were selected along the crest of the 
plunging Summit anticline partly because of the likelihood 
of finding through-going, high-angle extensional fractures 
in such a structural setting (Huntoon, 1993), and the occur- 
rence of water yielding zones in the Nugget Sandstone and 
Sliderock Member appears to confirm the presence of such 
fractures. The setting of the wells also appears to confirm ob- 
servations by Stone (1967) and Bruce (1988) that mudstone 
beds act as confining layers even where folded. Although 
the integrity of the Gypsum Spring Member as a confining 
interval appears to be preserved in this area, Bruce (1988) 
also indicated that regionally this member was locally bro- 
ken during detachment faulting. 

Turn vehicles around. Retrace route to 1-80 on ramp. 

0.75 40.6 Turn right at intersection 
0.2 40.8 Turn right at bend. 
0.4 41.2 Intersection with 1-80 on ramp. Turn left. 

Take 1-80 west bound to Salt Lake City. 

End of trip. 
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