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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 



Fluvial-deltaic Sedimentation and Stratigraphy 
of the Ferron Sandstone 
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THOMAS C. CHIDSEY, JR. 
Utah Geological Survey, Salt Lake City, Utah 84114 

THOMAS A. RYER 
The ARIES Group, Louisville, Colorado 80027 

ABSTRACT 

East-central Utah has world-class outcrops of dominantly fluvial-deltaic Turonian to Coniacian aged strata 
deposited in the Cretaceous foreland basin. The Ferron Sandstone Member of the Mancos Shale records the 
influences of both tidal and wave energy on fluvial-dominated deltas on the western margin of the Cretaceous 
western interior seaway. Revisions of the stratigraphy are proposed for the Ferron Sandstone. Facies represent- 
ing a variety of environments of deposition are well exposed, including delta-front, strandline, marginal marine, 
and coastal-plain. Some of these facies are described in detail for use in petroleum reservoir characterization 
and include permeability structure. 

INTRODUCTION ment relative to available space where sediment could 

The Ferron Sandstone Member of the Cretaceous 
Mancos Shale is well exposed along the west flank of the 
San Rafael Swell of east-central Utah (fig. 1). The Ferron 
Sandstone is a fluvial-deltaic deposit with excellent expo- 
sures of a variety of delta facies deposited along the mar- 
gins of a rapidly subsiding basin. The Ferron Sandstone has 
been interpreted as an analog for many of the highly pro- 
ductive oil and gas reservoirs in the Alaskan North Slope, 
Gulf Coast, and Rocky Mountain regions. 

The Ferron Sandstone is an eastward-thinning clastic 
wedge deposited during Turonian-Coniacian (Late Creta- 
ceous) time. The Ferron and equivalent portions of the 
Frontier Formation in northern Utah and Wyoming record 
a pronounced and widespread regression of the Cretaceous 
western interior seaway. In east-central Utah, these deposits 
accumulated on a deltaic shoreline in a rapidly subsiding 
portion of the Cretaceous foreland basin. The Ferron con- 
sists of a series of stacked, transgressive-regressive cycles 
which are well displayed in outcrop. Eleven stratigraphic 
units have been mapped: Clawson, Washboard, Last Chance, 
and numbers 1 through 8 (in ascending order). These vari- 
ous units define a pattern of seaward-stepping, vertically- 
stacked, and landward-stepping depositional geometries. 
This architecture indicates an initial strong supply of sedi- 

accumulate, followed by near-balance, and then a relative 
decrease in sediment supply. Each unit contains in outcrop 
all, or portions of, the complex of facies that make up a typi- 
cal fluvial-dominated deltaic deposit. Such facies include 
deposits of: (1) meandering, distributary, and tidal channels; 
(2) wave-modified strandlines and fluvial deltas; and (3) 
transgressive events, bays, lagoons, and flood basins. 

The excellent exposures and accessibility of the three 
stacking patterns and associated complex facies make the 
Ferron Sandstone an excellent outcrop analog for petroleum 
reservoirs in fluvial-dominated deltas. The Ferron Sand- 
stone is an excellent model for, and is correlative to, the 
Cretaceous Frontier Formation, which produces petroleum 
throughout Wyoming. The Ferron facies are also a good 
analog for the Tertiary Green River and Wasatch Forma- 
tions, the major oil and gas producing reservoirs in the 
Uinta Basin, Utah. In addition to its value as a reservoir 
analog, sands and coalbeds of the Ferron Sandstone pro- 
duce gas north of the field trip area in the Wasatch Plateau 
and along the west-northwest flank of the San Rafael uplift, 
currently the most active gas play in Utah. 

Petroleum industry and U.S. Department of Energy 
(DOE) analysis of the Ferron Sandstone is also motivated 
by the need to deal with complex reservoir heterogeneities 
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on an interwell to field scale. These scales are difficult to 
resolve in reservoir exploration and development activities. 
Standard industry approaches to field development rely on 
generic depositional models constrained primarily by data 
obtained in petrophysical (logging and coring) evaluations 
of exploration and development wells. The quantity, quality, 
and distribution of these data are typically insufficient to 
adequately model the reservoir. Work on the Ferron Sand- 
stone has been predicated on the assumption that detailed 
outcrop mapping of petrophysical and geological properties 
of this analog reservoir will provide an additional database 
for reservoir characteristics used in model simulations. 

REGIONAL STRATIGRAPHY 

Ferron Sandstone is recognized as a member of the 
Mancos Shale. No type section has been designated. The 
name is derived from the town of Ferron, Utah, but it is 
clear from Lupton's work (1916) that he would have chosen 
the outcrops southeast of the town of Emery (fig. 1) as rep- 
resentative of the member where it is most typically devel- 
oped. The name Ferron Sandstone is presently used on out- 
crops around the San Rafael Swell, in the Henry Mountains 
basin, and beneath Castle Valley and the Wasatch Plateau. 

During middle Turonian time, the relatively straight, 
north-trending western shoreline of the western interior 
seaway had reached about half way across Utah (Williams 
and Stelck, 1975). The shoreline configuration changed as it 
prograded eastward. The rate of progradation was more 
rapid in northern and southern Utah, less rapid in central 
Utah, because of geographical variations in subsidence 
rates and volumes of sediment arriving from the Sevier oro- 
genic belt to the west. The result was a shoreline bend to 
the west in the Castle Valley area of east-central Utah. Ryer 
and Lovekin (1986) concluded that this embayment was 
caused primarily by very rapid subsidence. 

We have divided the Ferron Sandstone into mappable 
units or bodies of rock. Most of these units would be mem- 
bers of the Ferron, if it were elevated to formation status. 
Eleven mappable units have been recognized on outcrop 
(fig. 2). We have used a hierarchical system of abbreviations 
to designate each mappable body of rock. Kf designates 
Cretaceous Ferron Sandstone. The first dash designates the 
next hierarchical subdivision, e.g. Kf-2, which is compara- 
ble to a member or informal "tongue." Most of these "mem- 
bers" are separated by major flooding surfaces and include 
smaller-scale progradational units that display distinctive 
stacking patterns; in essence they are parasequence sets, as 
defined by Van Wagoner et al., (1990). The lowest two units, 
Kf-Clawson and Kf-Washboard (fig. 2), have been separated 
and together informally designated "lower Ferron Sand- 
stone" by Ryer and McPhillips (1983). Ryer and McPhillips' 
"upper Ferron Sandstone" consists of delta-front units 1-7 

(our Kf-1 through 7). We have divided their delta-front unit 
1 into Kf-Last Chance (Kf-LC) below and Kf-1 above; in 
addition, a Kf-8 unit is recognized above Kf-7. 

The next dash in our hierarchical scheme designates a 
higher frequency stratigraphic unit which is mappable and 
is separated from the rocks above and below by a flooding 
surface and/or transgressive surface of erosion, and makes 
up the highest frequency unit mapped within each larger 
stratigraphic unit or parasequence set (e.g. Kf-2-Muddy 
Canyon). In most cases these units would fit the definition 
of a parasequence (Van Wagner et al., 1990), but in some 
cases, in our opinion, these units do not strictly fit Van 
Wagner's definition. With these qualifications, we have 
chosen to use the term parasequence to designate the high- 
est frequency stratigraphic unit recognized and mapped. 
(For a discussion of earlier Ferron Sandstone stratigraphic 
nomenclature, see Garrison et al., this volume.) 

Other recent studies (Gardner, 1991, 1993, 1995; Barton 
and Angle, 1995) have not distinguished parasequences in 
Kf-Clawson, Kf-Washboard, and Kf-7 and 8, although they 
may exists. Kf-LC contains several parasequences, but it is 
arguable whether or not a "major" flooding surface is present 
between it and Kf-1. Internal morphology of Kf-LC indi- 
cates it is more aggradational than Kf-1. It is possible for 
the stachng pattern of a group of parasequences to change 
from aggradational to progradational without a "major flood- 
ing surface." Other characteristics of Kf-LC are distinctive 
from Kf-1 and discussed later, hence its hierarchical desig- 
nation. Kf-1 through 7 have associated coal beds, which cany 
letter designations originally assigned by Lupton (1916). 

The oldest unit exposed on the Ferron outcrop belt in 
Castle Valley is Kf-LC. Kf-LC contains parasequences that 
are relatively short in overall dip length (1.3 to 0.75 miles 
[2.1-1.2 km]), rapidly thickening (0 to 60 feet [O-18 m]) 
with steeply seaward-inclined bed sets (about 5"). The con- 
tact with the underlying Tununk Shale, which has a charac- 
teristic brown iron stain, is sharp. Kf-LC was deposited in a 
steeper gradient shoreline topography with abundant sedi- 
ment supply. 

Progradation of Kf-1 and Kf-2 was characterized by an 
abundant supply of sediment compared to the creation of 
accommodation space (Gardner, 1995). A relatively small 
amount of sediment was required to aggrade the coastal 
plain and a considerable proportion passed north and east 
through the fluvial systems to reach the shoreline. Rapid 
supply of sediment at the river mouths promoted the build- 
ing of fluvial-dominated deltas, the deposits of which are 
conspicuously more abundant in Kf-1 and Kf-2 than they 
are in Kf-4 through Kf-7 (Gardner, 1993). It is highly proba- 
ble that relative sea level rise caused either by eustatic fluc- 
tuations or by pulses of basin subsidence, continually affected 
the area and are the underlying mechanism for inducing 
both parasequence-set and parasequence-level transgres- 



Blue Gate Shale Member NE 

1 Tununk Shale Member 

siorls crtrd regressions. drlta is \.tvy rntlclr "at risk" should 
caven a minor rise of relative sea level occur. Tnir~sgression 
of the coilst acljaecnt to a delht diminisht~s thc river's 
already inellnicient gradient, leading inevitably to uvnlsio~~ 
ofthc civer, al~andonntcnt of the dc~lta, and rapid trarrsges- 
sion across the delta plain. Many sue11 transgressions :uc 
~-ecognijr;il)le in Kf-LC, Kf-1, and Kf-2. 

TI-rc earliest, prosisrlal pirrt of each parasequcnee sc.t con- 
sists of paraseclueuces drpositecl on wave-donlinatr~d coasts. 
The rclwtike sea level rise. that 1)rought almut the parase- 
quetlce-le\ el transgressions caused reclt~ction of seclirncnt 
supply to the coast. As tlte rise slowed anct thc \)alancc 
slriftc~l l):ic*k to progradation, the supply of scdinient to the 
coast increased. Initially, the srrpplj. was IOU: allowing ex- 
tertsi\ic. wive reworking. This also explains the pronortnced 
seawarcl stratigraphic rise of many p:rrasequenees jttst sea- 
ward of their pinclrouts. The yourrgcCr, rtrore clistal parasc- 
quenccs of Kf-1 and Kf-2 commonly corttain more flticial- 
dominated deltaic deposits. At tlrcsc times, the raatt. of rise 
of relative sea level \\,as slower and thc anroutit of seciinrent 
~Ieliv~rcd to the sliorc.linc was corrcsportdingly greittte 'TIrc 
supply war great enough to allow propadation of rccogrti~- 
;tl>lc> ~lt~it"1~. 

FIELD TRIP O\'EKVIE\1' 

Geological, plrysiog:i~)lrical, and trtlttrral fkatrtres along 
the field trip rorttt arcA noted in tlru road log. Thr  rriain 
Ferrort Sanclstonc clif'fs anci its dcepl) incised c>tiiyons to- 
geti1t.r provicic a tliree-dirncnsio~ri~l \iew of facies \,nriations 
and transitions. The Ferron Sa~~dstotlc has excellent expo- 
sures along clepositiotial stlike; nurntrorts canyons that out 
peq>errdiettlar to strike offer chscellent euposurt~, along the 
depositional dip direction. 

'l'he field trip has two p'irts, each with a different clnpl~a- 
sis. ( I )  ii review of regional stratigraplr) and (2) cletailecl 
anal)sis of cfepositional etrviro~isnerlts arid pcrtrrealtility 
trends. The p~inlary oljjeetive of Day One will bc to pro- 
vide a detailed intciprctation of the regiond str,ltigraphy of 
t11e Ferron Sanrlstorw outemp lrelt h m  Dry Wash to Last 
Clr;mce Creek (fig. 11. P:~ri~seqt~enct, designations :lrtA basecl 
011 flooding surGces which separiite nota1)le coarsening- 
npward depositional seqttenccs. In nlaiiy cases, Inurcl\yarcl 
pinchouts of the rrlarine facies can be observed eliclosed 
witlri~r the coastal-i~laiu fiwies. In li'erron deltaic dcl~osits, 
p:irasequence setr/stratigr:iplric ltrrtts miiy bc consicltxrcd as 
large-scale reservoir l)locks bec,irtst~ rrrari~re ancl/or ctelta- 
plain shales that separate stratigraphic r~nits nia) <tct as lat- 
erally atensive pcrrr~ealjility Itarricrs. The tlirncnsions ,md 
ck$positional el-t\lrotl~>sents of selectcci parasequcttcc arts 
ancl the nature of the contacts l~ehseen par;rseqrtc,trces and 
tacies are well cfisplayc~d at v,uious stops. X3oundirrg snr- 
ftices (ilrtid-flow l)iinirrs or l),dfles~, geometries, itncl rlepo- 
sitional environtnents of tlrese rocks characterize the vari- 
a1)ility of flucial-donrinated deltaic oil and gas rcsclvoirs. 
The rcgiortal ~ - r i o r p l i o l o  fi.art~e\vork can lte incoq>orated 
into ~nodrl sis~lulatiorrs at the oil and gas field schtle. 

'Flit, pTirxlii~?/ ol)jivti~e of Day TWO will be to cte\relop a 
detailetl sedin~etitologic:~l charaeteri~ation of the facie\ in 
the lkie Creek area jnst north of Interstate 70 (1-70) (fig. 1). 
Tlrc Ivie Creek area was seleeted ltceause it cotitainr a l ~ ~ u p t  
facies chiurges in KEl artcl Kf-2. Accers to the area is excel- 
lent hecause of tht. close proximity to 1-70. Kf-1 in the Ivic 
Creek area is represented by a fluvial-domis~ilted tlelta 
deposit: consisting of hivo stacked parasequences prelimi- 
narily identified as KEl-lvie Creek-a and Kf-1-Ivie Creek-c 
(Kf- I-I\.-;i and I(& I -I\/-c). t(t- 1-Iv-a ctl:u~ges frorrr proxinlal 
to distal &om east to west and is tlrc foct~s of gcologic and 
permea1)ility chamcteri~ation. Kf-2 in the Ivic Creek ,ma 
rt.presents a w;ne-irtodified ilcltaic clc~posit corrsistiilg of 
lowc.r, middle, arrcl t~ppcr sllorefiic,e, foresilore, a~tlil ruoutlt- 
bar c~n\~ironrr-tetlts of deposition. f3icies of tlris type .ire typi- 
c;;ll\i ktnnd irl deltaic re5crvoirs \vorlciwide. Using w combi- 
natiorl of recent tirill Itole ancl outcrop data a dt~tt~rrrtinistic 
tllrce-dimensional vithw of the rocks bvitllin the I\itt Creek 
area \ws dcvelopcd. Detailed rtmtigr:tphic sections ancl cliff- 
Lec ]napping of rock units on a photornosaie biisc, com- 
bined with petrophysics and outcrop/core perrne:il,ility data, 
are the. Itasis for a tltrc~c~-dimerrsiorriiI clraracteri~ntion of 
these rocks. An evaluatiol~ will I)? presentecl of ho\v varia- 
tions in facie4 inflt~ence both eornl~artri~entitli~:ltiot~ and 
penneal~ility stn~cture, The field trip piuticipant~ \vill eu- 
:unirtt. lire ~niijor r c sc~~o i r  hpes (rx1outl-r-bar conrplcx, wtve- 
rnoilificd ancl tlu\ial-dornitlwtcd tlclt,t 6-ont, ctistril~uta~ 
ch:itit~el, tirid titlcil cleposits) associatetl wit11 tllrt I;c>rrour 
Si~~lclstonc. 
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Much of the information presented on this field trip was 
gathered by the Utah Geological Survey and associated 
contractors, who conducted a major DOE-hnded study of 
the Ferron Sandstone from 1993 through 1997. Preliminary 
findings from the study have been presented by the follow- 
ing: Adams, 1995; Adams et al., 1995a, 1995b; Allison, 1995; 
Anderson and Ryer, 1995; Dewey et al., 1995; Hucka et al., 
1995a, 1995b; Chidsey, 1995; Ryer and Anderson, 1995; 
Ryer et al., 1995; Snelgrove et d . ,  1995; Anderson et al., 
1996; Chidsey and Allison, 1996; Mattson and Chan, 1996; 
Snelgrove et al., 1996; and Chidsey, 1997. 

ROAD LOG 

First Day 

MILEAGE 
Cumu- Inter- 
lative val 

0.0 0.0 Enter eastbound 1-70 at junction with 
U.S. Highway 89, Salina, Utah. Follow 
road logs of Rigby et al., (1974). 

31.7 31.7 View to the east of the San Rafael Swell 
and Upper Cretaceous Ferron Sandstone 
Member of the Mancos Shale. Pinnacles 
of Jurassic Navajo Sandstone on the sky- 
line. 

33.8 2.1 Junction of 1-70 with Utah Highway 10 
(fig. 1). Turn off 1-70 and proceed north 
(left) on Highway 10 towards Emery 
through Castle Valley. Highway 10 lies 
on the Blue Gate Shale Member of the 
Mancos Shale. Boulders of Miocene basalt 
are strewn over adjacent slopes (Bunnell, 
1991). These boulders were eroded from 
flows to the southwest in the Thousand 
Lake Mountain area. 

35.5 1.7 Ivie Creek. Wasatch Plateau in the dis- 
tance to the west. Ledge-forming sand- 
stone represents shoreface deposits of the 
Upper Cretaceous Star Point Sandstone 
of the Mesa Verde Group (Bunnell, 1991). 
The Star Point intertongues with the over- 
lying delta- and alluvial-plain deposits of 
the Blackhawk Formation, the major coal- 
bearing formation in the Wasatch Plateau 
and Book Cliffs coal fields. The Masuk 
Shale Member of the Mancos Shale forms 
the slopes beneath the Star Point. The 
Masuk Shale overlies the Emery Sand- 
stone Member in the immediate fore- 
ground. 

Pass by junction of Utah Highway 10 with 
Hidden Valley coal mine access road to 
the east. 
Sevier-Emery County line. Joe's Valley 
graben fault system to the north on the 
eastern edge of the Wasatch Plateau. 
Quitchupah Creek. Browning coal mine 
in the distance to the east (right). 
Town of Emery. Continue north on Utah 
Highway 10. 

To the left is the site of Texaco's A.L. 
Jensen 27-9 Ferron coalbed methane well 
(SE1/4SE1/4 section 27, T. 21 S., R. 06 
E., Salt Lake Base Line) drilled in 1995 
to a depth of approximately 2,100 feet 
(640 m). The operator is still evaluating 
the well. 
Muddy Creek. 
Junction with County Road 1612. Turn 
right onto County Road 1612 toward 
Moore. 
Road to Rochester rock art panel to the 
right. 
Moore. 
Turn right toward Dry Wash and con- 
tinue on county road to the east. 
Continue straight (east) off pavement 
towards 1-70 at bend in the road 
(becomes graveled road at this point). 
Cross the Spanish Trail, a transportation 
route from 1800 to 1850. 
Contact between Blue Gate Shale and 
top of the Ferron Sandstone. 

STOP 1. Mouth of Dry Wash: overview 
of Kf-Clawson and Kf-Washboard, and 
Kf-2 (fig. 3). 

Kf-Clawson of the Ferron, first de- 
scribed by Cotter (1975a, b), extends 
from the northern part of San Rafael 
Swell southward along its western flank, 
through Molen Reef, finally feathering 
out westward toward Muddy Canyon. Kf- 
Washboard (fig. 2) (Cotter, 1975a, b) 
extends from the northern part of San 
Rafael Swell southward to Mesa Butte 
(just south of 1-70), slightly farther than 
does the underlying Kf-Clawson. These 
units consist of silty, very fine-grained 
sandstone; they are interpreted as shelf 
sand bodies with a northern source 
deposited 10 miles (16 km) or more off- 
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Figure 3. Coal Cliffs (view to the west) near the m t h  of Dry Wmh 
at Stop 1 (mile 57.2) with, in ascending order, Kf-Ckrwson, Kf- 
washboard, cmd Kf-2 outcropping. The upward-coarsening Kf- 
Clawson and Kf-Washboard are interpreted as two still-stc~ncls sep- 
arated by a relative rise of sea level. Kf-2 consists of interheclded 
fine-grained scmclstone and m d t o n e ,  almptly overlc~in hy cross- 
bedded, fine- to medium-grained mouth-bar sandstone. 

shore, at depths near fair-weather wave 
base. Extensive burrowing and the pres- 
ence of large concretions suggest that 
rates of sedimentation were slow. Lower- 
ing of sea level prior to Kf-Clawson and 
Kf-Washboard deposition facilitated south- 
ward transport of very-fine- and fine- 
grained sand onto a shoal area that marks 
the eastern hinge of the foredeep devel- 
oped in front of the Sevier orogenic belt. 
The shoal may represent a peripheral 
bulge. The two distinct, upward-coarsen- 
ing sandstone units suggests that there 
were two still-stands separated by a rela- 
tive rise of sea level. In addition to feath- 
ering out southward, both Kf-Clawson 
and Kf-Washboard become less sandy 
and disappear toward the west. A gentle 
structural flexure has been recognized in 
this area, suggesting the presence of a 
down-to-the-west basement fault. The 
fact that Cretaceous rocks were flexed 
but not broken by movement on the pro- 
posed fault (unlike the younger faults 
associated with Tertiary extension) sug- 
gests that this fault moved during Cre- 
taceous time in response to thrust load- 
ing. The westward loss of sand in Kf- 
Clawson and Kf-Washboard suggests that 
it was active during lower Ferron deposi- 
tion. 

Kf-2 at Dry Wash is composed of two 
parasequences. The lower parasequence 
is all delta-front facies and displays up- 
warcl-coarsening grain size. The lower part 
of the parasequence consists of interbed- 
ded fine-grained sandstone and mudstone; 
it is abruptly overlain by cross-bedded, 
fine- to medium-grained sandstone of the 
upper part. The upper part has a decided 
fluvial appearance, but lacks the mud- 
stone intraclasts commonly associated 
with fluvial channel deposits. The top of 
Kf-2 consists of a series of lenses or pods, 
the younger lenses cutting out and 
replacing the older ones. These are inter- 
preted to be mouth-bar and distributary 
channel deposits of a fluvial-dominated 
delta. 

The younger and overlying parase- 
quence consists of an upward-coarsening 
sequence of sandy mudstone and sand- 
stone containing a brackish-water fauna 
representing a bay. The bay-fill sequence 
is capped by carbonaceous mudstone, 
carbonaceous sandstone, and a minor 
amount of coal. These rocks represent the 
lower split of the C-coal zone (fig. 2). It, 
in turn, is abruptly overlain by a thin, 
transgressive lag and lower delta-front 
deposits of Kf-3. This parasequence is 
defined on the basis of a shoreline sand- 
stone unit whose landward pinchout of 
the marine facies crosses the northern 
edge of the cliffs of the Molen Reef south 
of Dry Wash and intercepts the cliffs on 
the north side of the wash, defining a 
northwest shoreline trend. The pinchout 
is less distinct than most others, possibly 
because of development of a flood-tidal 
delta in this area. A large lagoonhay 
complex lies landward of the pinchout 
and can be traced for several miles south- 
ward in the Molen Reef outcrops and 
westward to the limit of Kf-2 outcrops in 
Dry Wash. Numerous channel deposits, 
including three large, lenticular channel 
bodies in Dry Wash and several in the 
Molen Reef cliffs appear to belong to Kf- 
2. The facies content of this shoreline 
unit is wave-modified, probably strand 
plain in its proximal part. 
Turn around and head towards Moore. 
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Kf-Clawson at road level. 
Kf-2 at bend in the road to the left. 

STOP 2. Dry Wash: depositional envi- 
ronments of Kf-3 (fig. 4). Cross road and 
walk up wash to the left. 

Kf-3 contains more storm layers than 
does Kf-2. It also displays hummocky 
cross-stratification in many places. Like 
Kf-2, it includes trough cross-bedded 
sandstone in its upper part. Kf-3, howev- 
er, includes a sandstone body that has a 
much more clearly defined erosional base, 
is coarser grained, contains a variety of 
burrow types, the most conspicuous of 
which is Ophiomorpha, and displays lat- 
eral accretion surfaces inclined toward the 
northwest. This inclined sandstone body 
is interpreted to be an inlet or a point-bar 
deposit on a tidal channel immediately 
behind the inlet. On the north side of the 
wash, it is apparent that the inclined, lat- 
erally accreted sandstone beds are trun- 
cated at their tops by what was originally 
a horizontal surface. The erosional sur- 
face is a transgressive disconformity. It is 
underlain by a transgressive lag of biotur- 
bated sandstone. The lag, in turn, is over- 
lain by a southward-thinning tongue of 
offshore-marine shale that separates Kf-3 
and Kf-4. 
Ferron Sandstone Kf-4 and Kf-6 (Barton 
and Angle, 1995) include only prodelta 
and lower- to middle-delta-front deposits; 
the shoreline never prograded this far 
seaward. From a vantage point on top of 
Kf-4, the gradational seaward termination 
of Kf-6 can be observed toward the north, 
where the road crosses the outcrop. Kf-6 
sandstone is overlain by the Blue Gate 
Shale Member of the Mancos Shale. The 
seaward termination of Kf-4 is only a 
short distance north of Dry Wash. The 
seaward feather edge of Kf-5 is present a 
short distance away on the wall of the 
canyon visible to the south. 
Kf-6. Continue towards Moore. 
Return to pavement, continue straight to 
Moore. 
Moore. Turn left towards Emery at stop 
sign. 
Junction with Utah Highway 10, turn 
left (south) towards Emery. 

Figure 4. Kf-3 in Dry Wmh (view to the west from south side of the 
road) at Stop 2 (mile 58.5) containing hummocky arul trough cross- 
strati$cation, and biottirbated beds. The thicker bedded sandstones 
with inclined bedsets to the right are tidal-channel deposits. 

67.6 3.2 Enter Emery, turn left on to 300 East. 
68.0 0.4 Continue south past 400 South in Emery. 

TRC Minerals to the right processes car- 
bonaceous shale from the Ferron Sand- 
stone for use as potting soil and health 
tonics. 

68.4 0.4 Turn left onto Miller Canyon Road 
toward 1-70. Thousand Lake Mountain 
and Boulder Mountain can be seen on 
the skyline to the south. 

70.9 2.5 Enter Miller Canyon. Channel sands and 
overbank deposits of Kf-5 and shoreface 
sandstone of Kf-7 are exposed at the head 
of the canyon. 

71.1 0.2 Access road to one of several carbona- 
ceous shale mines in the G-coal zone on 
the right. 

71.4 0.3 STOP 3. Miller Canyon: stratigraphy of 
Kf-4 and Kf-2 (fig. 5). Walk southeast 
along the sandstone bench at road level, 
north side of the canyon. 

The Miller Canyon road descends 
through the stratigraphic section, hence, 
the description of the stratigraphy moves 
from top to bottom. 

Compared to the stratigraphic units 
that preceded it, Kf-4 thickens very rapid- 
ly seaward, indicating a high rate of rela- 
tive sea-level rise during its deposition 
(Ryer, 1981; 1982). Regionally, two para- 
sequences are recognizable within this 
unit. The overlying G-coal zone only local- 
ly contains more than a few feet of coal, 
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Figure 5. Trunsgressioe deposits above the C-coal zone of  Kf-4 in 
Miller Cun!lon near the Christensen rnine on the east side of the 
Miller Cun!/on road at Stop 3 (mile 71.4). 

probably because peat accumulation could 
not keep up with the rapid relative rise of 
sea level that characterized this unit. For 
about 20 years carl>onaceous mudstones 
of the G-coal zone have been mined in 
Miller Canyon to produce a soil condi- 
tioner, locally referred to by the trade 
name "Live Earth." 

Only the older parasequence of Kf-4 is 
represented by marine facies in Miller 
Canyon. The lower parasequence is a 
wave-modified shoreline sandstone body 
and forms high cliffs. The landward pin- 
chout of the main facies of this parase- 
quence is located allout 0.5 mile (0.8 Ian) 
south of Bear Gulch (fig. l), but is some- 
what obscured because the upper part of 
the unit is scoured into by a younger 
meanderbelt deposit. This meanderbelt 
deposit is very widespread, being recog- 
nized for several square miles around the 
Miller-Muddy Creek Canyon area and 
east to the eastern limit of the outcrop. It 
is relatively coarse-grained, being made 
up of medium- to coarse-grained sand- 
stone that locally includes granules and, 
rarely, pebbles. The landward-most part 
of the lower parasequence is strongly wave 
modified and this is probably true of the 
unit as a whole, although it is difficult to 
tell with the upper part of the unit re- 
moved. The basic facies content is wave- 
modified shoreline-strand plain proximal- 
ly to wave-modified delta distally. 

Marine facies of Kf-3 are not present in 
this area, the landward pinchout of the 
marine facies is located to the east. 

At this locality Kf-2 contains four para- 
sequences. We will use the nomenclature 
estal~lished by Anderson (1993), Gustason 
(1993), and Rver (1993). The top parase- 
quence is Kf-2-Muddy Canyon-1) (Kf-2- 
MC-b). Kf-2-MC-11 is defined on the basis 
of a shoreline sandstone unit that has a 
distinctive white color. The landward pin- 
chout of Kf-2-MC-I) marine facies is pre- 
sent in the southern Coal Cliffs just north 
of Bear Gulch, and south of the mouth of 
Miller Canyon. Near the pinchout, the 
unit is characterized by large-scale, in- 
clined surfaces that dip to the north, 
essentially parallel to the trend of the pin- 
chout (strike of inclined surfaces perpen- 
dicular to shoreline trend). The surfaces 
are interpreted to represent a series of 
tidal inlets that were driven northward by 
longshore drift. Equivalent flood-tidal delta 
and lagoonal deposits have been tenta- 
tively identified in Miller Canyon and 
Bear Gulch. Kf-2-MC-b thickens rapidly 
eastward, to more than 75 feet (23 m). It 
extends eastward into Molen Reef, where 
it is a major cliff former, and northward to 
Dry Wash (about 9 miles [14.5 km]). This 
unit is widely distributed compared to 
most Ferron parasequences. The facies 
content of this shoreline unit is a wave- 
modified coast proximally, probably sband 
plain; and deltaic deposits distally. A thin 
A-coal zone lies above this unit. This coal 
zone pinches out just northeast of Miller 
Canyon. 

Kf-2-Muddy Canyon-a (Kf-2-MC-a) 
forms ledges and lesser cliffs :above the 
higher cliffs formed by Kf-2-Miller Can- 
yon-11 (Kf-2-Mi-13) throughout most of the 
lower part of Muddy Creek Canyon and 
into the southern Coal ClifTs to the south. 
Most of the delta facies of Kf-2-MC-a has 
been cut out 11y meanderl~elt deposits. 
Although very sandy in some areas, much 
of the meanderbelt deposits consist of lat- 
erally accreted sancls with minor siltstone 
and mudstone. Two distinct meanderbelt 
units are distinguished on the basis of 
paleocurrent directions. The landward 
pinchout of marine facies of Kf-2-MC-a is 
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located south of Miller Canyon near the 
southern termination of the Coal Cliffs. 
In the Miller-Muddy Canyon area there 
can be no question that the surface that 
separates Kf-2-MC-a from the underlying 
Kf-2-Mi-b is a transgressive surface: it 
places offshore, marine shale hrectly upon 
upper shoreface sandstone and, locally, has 
planed off small channels within the top 
of Kf-2-Mi-b. The facies content of this 
shoreline unit is a fluvial-dominated delta 
and probably represents a low-wave- 
energy delta that prograded into a pro- 
tected bay. 

Kf-2-Mi-b includes the shoreline sand- 
stone that forms the massive cliffs in the 
lower parts of Miller and Muddy Creek 
Canyons (Anderson, 1993; Gustason, 1993; 
Ryer, 1993). It appears to be a very strong- 
ly wave-modified unit. It thins toward the 
northwest, finally disappearing into marine 
shale in the southern part of Molen Reef 
dong with overlying Kf-2-MC-a parase- 
quence. In Muddy Creek Canyon (but 
not yet elsewhere), it is possible to subdi- 
vide Kf-2-Mi-b into two subunits bound- 
ed by a distinctive surface. The southern 
subunit is wave modified, the northern 
one very strongly wave modified. The sur- 
face that separates these subunits could 
be a transgressive surface, but the overly- 
ing transgressive surface beneath Kf-2- 
MC-a has removed any direct evidence. 
In the absence of compelling evidence to 
the contrary, it is assumed the surface 
marks some change of autocyclic origin. 
The facies content of this shoreline unit is 
wave-modified, probably strand plain in 
proximal part. 

The bottom parasequence in Kf-2 in 
this area is Kf-2-Miller Canyon-a (Kf-2- 
Mi-a). The boundary between this unit 
and the overlying Kf-2-Mi-b is difficult to 
recognize in many places, but is very 
apparent where rotated slump blocks, 
which are generally restricted to Kf-2- 
Mi-a in this area, are present. The trans- 
gressive surface is apparent where it has 
beveled the tops of the rotated blocks, 
which are common enough to facilitate 
tracing the contact throughout the area. 
Its seaward feather-edge can be approxi- 
mately located in Miller Canyon and in 

the lower part of Muddy Creek Canyon. 
It has a general northeast trend, suggest- 
ing that this parasequence built north- 
westward, probably as a deltaic lobe. 

72.0 0.6 Kf-2 in Miller Canyon (fig. 6) view to east 
but west of Muddy Creek. 

72.4 0.4 Junction of Muddy Creek with Miller 
Canyon. 

72.8 0.4 STOP 4. Lunch. 
From the lunch stop, dramatic seaward 

(eastward) thickening of the top parase- 
quence of Kf-2 can be observed. On the 
west the thin white-capping sandstone is 
visible, while this same sand is nearly 30- 
feet (9-m) thick on the east wall of the 
canyon. The underlying meanderbelt- 
dominated facies of Kf-2-MC-a is well 
exposed in all cliff faces. Some Kf-2-MC- 
a-aged channels have cut across the top 
of the underlying shoreface of Kf-2-Mi-b 
and deep into these deposits. Note how 
much thicker Kf-2 is in this area com- 
pared to our earlier stop at Dry Wash. 

Kf-2 is fertile ground for a classic prob- 
lem in sequence stratigraphy. The scours 
into delta-front and wave-dominated 
shoreface deposits observed here can be 
traced intermittently for tens of miles to 
the south and several miles to the north 
along the outcrop. Does this represent a 
drop in relative sea level? Similar "canni- 
balization" of shoreline sands is present 
in Kf-1, 3, 4, and 5 .  During normal pro- 
gradation of a shoreline some scouring 
into older shoreline deposits is expected 
as fluvial systems feeding the seaward 
prograding shoreline move across a low- 
gradient delta-plain. Evidence of emer- 
gence, such as rooted coal in the bottom 
of mud-filled channels, or part way up in 
a channel-fill sequence; low-angle slopes 
to the edge of "valley-fill" deposits; region- 
ally correlatable transgressive deposits 
within the "incised valley" would indicate 
a drop in sea level as the agent for chan- 
nel incision. Some workers in the Ferron 
feel they have observed sufficient evi- 
dence to call upon a relative sea-level 
drop within Kf-2 (Garrison, personal com- 
munication, 1996) and Barton (1997) im- 
plies more frequent occurrence of minor 
sea-level drops during Ferron deposition. 
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Figure 6. View down Miller Canyon (north side) near the junction 
with Muddy Creek showing Kf-2 and its four parasequences be- 
tween Stops 3 and 4 (mile 72.0). 

76.5 3.7 Junction with 1-70. Turn right (west) on 
1-70 towards Salina. 

77.8 1.3 Mesa Butte to the south, capped chiefly 
by Kf-1 and Kf-2. There is a very limited 
area of C-coal zone on the mesa. The 
lowest ledge-forming unit in the east-fac- 
ing cliffs is Kf-Washboard. 

78.3 0.5 Quitchupah Canyon to the north. 

78.8 0.5 STOP 5. Ivie Creek Amphitheater: the 
fluvial-dominated Kf-1 and wave-modi- 
fied Kf-2 (fig. 7). Turn off 1-70, drive 
down slight embankment, and park along 
the right-of-way fence. We will examine 
the Kf-1 and Kf-2 today and walk through 
the outcrop tomorrow. 

Kf-1 is represented by two parase- 
quences in the Ivie Creek area. Kf-l- 
Ivie-a (Kf-1-Iv-a) is characterized locally 
by distinctive, steeply inclined bedsets 
(clinoforms) that accumulated on a pro- 
grading lobe of the delta. This deltaic lobe 
has an arcuate shape based on mapping 
of clinoforms in the Ivie Creek area. The 
lobe prograded toward the south (just 
south of 1-70), toward the west in the 
amphitheater north of Ivie Creek, and 
toward the north in the southern part of 
Quitchupah Canyon. It is possible that 
the odd characteristics of Kf-1-Iv-a can 
be attributed to its location at the flexure 
described for Kf-Clawson. If this flexure 
marks the hinge of the foredeep, flexure 
of strata caused by movement of a base- 
ment fault may have created the deep- 

water bay into which Kf-1-Iv-a prograded 
(fig. 8); the distributary system from which 
its feeder channel came was situated on 
the high side of the flexure. The seaward 
limit of Kf-1-Iv-a is mapped in mid- 
Quitchupah Canyon. This fluvial-domi- 
nated deltaic deposit changes from proxi- 
mal to distal east to west across the am- 
phitheater in the Ivie Creek area. Clino- 
forms in the delta front dip 10" to 15" and 
pinchout laterally within a mile (1.6 km) 
down depositional dip (fig. 9). 

The overlying sand-rich and coarsen- 
ing-upward facies of the Kf-1-Ivie Creek- 
c (Kf-1-Iv-c) also vary in thickness within 
the area. In contrast to Kf-1-Iv-a, delta- 
front deposits of this parasequence dip 
less than 5". Kf-1-Iv-c laps onto the more 
distal parts of Kf-1-Iv-a in the western 
part of the Ivie Creek area and represents 
the distal portion of another delta lobe, 
probably originating from the southwest. 
The upper section of Kf-1-Iv-c is continu- 
ous across the entire Ivie Creek area and 
represents a fluvial-dominated delta. Kf- 
1-Iv-c contains loading features near the 
mouth of Ivie Creek. It thickens to the 
north as Kf-1-Iv-a pinches out. As with 
most parasequences, small channels cut 
into the top of Kf-1-Iv-c. A consistent zone 
of brackish-water-rich fossils is found 
above the marine delta-front sandstones 
of Kf-1-Iv-c. These deposits often grade 
to Crassostrea coquinas which sometimes 
split the sub-A coal. A flooding surface 
has been identified at the top of the sub- 
A coal. The boundary with the overlying 
Kf-2 is drawn at the change from delta 
plain to lower shoreface deposits. 

Kf-2 contains three parasequences at 
Ivie Creek: Kf-2-Ivie Creek-a, b, and c 
(Kf-2-Iv-a, Kf-2-Iv-b, and Kf-2-Iv-c). These 
parasequences show less lateral variation 
in facies than Kf-1 parasequences, possi- 
bly because wave processes were domi- 
nant. Kf-2-Iv-a is the oldest parasequence 
in Kf-2 and grades from proximal facies of 
a shoreface on the west to its pinch out 
before reaching Quitchupah Creek on 
the east. Kf-2-Iv-b has a similar west to 
east variation in facies. This parasequence 
has distinctive seaward inclined beds near 
Quitchupah Canyon and appears to have 
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Figure 7. Photomosaics (view to the north near 1-70), unannotatecl (top) ancl annotated (l~ottom), of the Iuie Creek area at Stop 5 (mile 
78.8) displaying contrasting delta-front architectural styles. On the annotated photomosaic black lines separate the parasequences of Kf-1 
arul Kf-2, designated with letters. Kf 1-lu-a has steeply inclined (10 to 15 9 c l i n o f m  representingjluvial-dominated deposition. Kf-2-10- 
b has gently inclined (< 3 9 c l i n o f m  representing wave-modiJ1ed cleposition. 

considerable lateral continuity along the 
strike of the outcrop. Kf-2-Iv-c has the 
landward pinchout of its marine facies 
well exposed in the 1-70 road cut and 
upper Ivie Creek Canyon. Connecting 
these two points indicates a more north- 
south trend for the shoreline. A remark- 
able transition from shoreface to bay 
deposits is also well exposed in this area. 

In the Ivie Creek area, deposition 
of sandstones in Kf-1-Iv-a was from 
the south-southeast to north-northwest, 
whereas the general coarsening in grain 
size of Kf-2 to the west and the presence 
of a landward pinchout of the marine 
facies in Kf-2-Iv-c suggests that this unit 
was deposited from west to east. Kf-2 
contains more and cleaner sand, indicat- 
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79.8 0 .  Notc the IatlcT~nrd pi~rc~lrout of flrc nlarinr. 

f,tc~c., of Kf-2-1, -c .  13i loo l \~r l~  h,rck to- 

i \ , t r t l  the c,i\t, orrc' c.~lii ttclec3 t h r ,  s,tprd 
tl~rchcii~nr?; of rn,lrrlic 5lror c~t,tct~ I,tc.lcs ,is 
the u111t pror?;radc~cl to t h ~  c>,ist \Iso ~rotc, 
th,tt thcl Irr,irlnt, \,~ntijtor~c* prrlc.irc,\ orit 
irrto co,lst'll-plnlll f<lcit'\ o i  the i(-c*O,ll fOii<" 

' 9 .  0.1 (:-c.o,il rolrc. wlt11 hi- 1 .t1111\ ~~il-pl~trii ~ < ~ C I C Y  

'li10\ c' 
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Figure 9. An east-west oriented photomosaic of the lvie Creek 
amphitheater viewed from Stop 5 (view to the north), showing typi- 
cal c l i n o f m  geometries in Kf-1-lv-a. 

Large channel sandstone which created a 
split in I-coal zone on south side of 1-70 
(see Ryer and Langer, 1980). 
Carbonaceous shale of the Ferron Sand- 
stone and overlying Blue Gate Shale in 
roadcut on south side of 1-70. 
Sevier/Emery County line. 
Walker Flat. 
Deep roadcut in Blue Gate Shale. 
Junction with Utah Highway 10. Leave 
1-70 and turn left (south). 
Continue south off pavement towards 
Willow Springs. 
Bear right (south) at the V in the road. 
Entering Willow Springs Wash. Begin 
stratigraphic descent through alluvial- 
plain facies equivalent with Kf-3 through 
Kf-8. See van den Bergh (1995) and van 
den Bergh and Sprague (1995) for an 
attempt at correlating parasequence sets 
into the alluvial-plain facies. 
Little dug-out building on left side of 
road is one of several relicts left from an 
old mine in the A-coal zone. The A-coal 
zone achieves its greatest thickness in 
this area and to the south. 

90.8 0.6 STOP 6. Willow Springs WashlIndian 
Canyon: sequence stratigraphy and de- 
positional environments of Kf-1 and Kf- 
2 (fig. 11). 

Kf-2 is found on the north side of 
Willow Spring Wash, at its mouth. The 
landward edge of the marine facies of Kf- 
2 is present in the same area, a short dis- 
tance east of a large channel cut into Kf-1 
called the "County Line channel" (Ander- 
son, 1991). Thickening of the unit toward 

--,. ' -  

. . .. Z ' . ' .  
$4. -. . ,7. . * 

. . , Y  - .-A- 
i x.;, 
, . *% 

.-.  ., , ,  . . 

Figure 10. Photomosaic near 1-70 at Stop 5, view to the south, 
showing both Kf-1 and Kf-2. A major distributary channel (center 
of photo) has cut down to near the base of Kf-2. 

the northeast onto the point that lies 
north of the mouth of the wash occurs 
rapidly, surprisingly so since the amount 
of overall climbing of Kf-2 from here to 
where it passes beyond the seaward edge 
of Kf-1 is relatively small. It is possible 
that the rapid thickening of Kf-2 is related 
to truncation by eroding channels. The 
landward pinchout of the marine facies is 
cut by a shale-filled channel, possibly of 
tidal origin. The original depositional 
limit of Kf-2 marine facies is likely farther 
to the west. The seaward extent of Kf-2 
has not yet been determined, but it prob- 
ably is present in the Molen Reef area 
about 30 miles (48 km) to the northeast. 
Along the east-facing cliffs, about 0.5 mile 
(0.8 km) north of Willow Springs Wash, 
the top of Kf-2 has been eroded and 
replaced by predominantly fine-grained 
deposits, some of which include "inclined 
heterolithics" indicative of channel depo- 
sition. This scour may be related to the 
areally more restricted scour that is pre- 
sent near the pinchout. The facies con- 
tent of this shoreline unit is a wave-modi- 
fied coast, probably a strand plain. 

Indian Canyon, south of Willow Springs 
Wash, contains excellent exposures of Kf- 
1. Kf-1 is divided into four mappable 
units, Kf-1-Indian Canyon-a thrkgh d 
(Kf-1-IC-a through d), which display a 
forward-stepping arrangement. The 
transgressive (or "flooding") surfaces that 
separate the parasequences are overlain, 
at least in part, by mudstone units that 
may act as permeability bamers between 
sandstone bodies. Rocks in these units 
contain prodeltaic; lower, middle, and 
upper shoreface; foreshore; and fluvial- 
dominated delta-front deposits. 
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Figure 11. The "County Line channel" (view to the enst) of Kf-1 in 
the Willow Springs Wash area at Stop 6 (mile 90.8). Tlae channel is 
venj late KJl aged hut older than the upper portion of tlze sub-A 
coal. The channel is about 60 feet (18 m) thick where it cut,s into the 
uppennost parnsequence of KJl. 

91.1 0.3 View of Indian Canyon to the west. 
91.5 0.4 View of Henry Mountains to the south. 
92.2 0.7 Junction of Mussentuchit and Last 

Chance Roads. Bear right towards Last 
Chance. View to the north of Kf-2 (on the 
south-facing side of Willow Springs Wash). 
Here one can see an important trend in 
the seaward-stepping Kf-2 of the Ferron 
Sandstone. Note the thickening and in- 
crease in sandy facies in Kf-2 from west 
to east. This trend is readily observable in 
the Willow Springs Wash, and Quitch- 
upah to Molen Reef areas. There is a cor- 
responding east to west increase in the 
presence of "cannibalization" of delta-front 
sandstones by meanderbelt and distribu- 
tary systems. These phenomena could be 
explained by a migrating flexure line of 
subsidence with time from west to east. 
West of the flexure line the basin is being 
uplifted, while east of the line the basin 
subsides. This creates more accommoda- 
tion space on the east and increased can- 
nibalization of previously deposited delta- 
front units on the west. This localized and 
subtle subsidence is superimposed onto a 
general sea-level rise through Kf-2 depo- 
sition. 

96.2 4.0 Limestone Cliffs. The type section of Kf- 
LC is at Last Chance Creek and to the 
north into the next canyon. The shoreline 
unit, together with overlying Kf-1 (non- 
marine facies), forms vertical cliffs approx- 
imately 200 feet (60 m) high. Kf-LC dis- 

plays inclined hedsets that appear to onlap 
or possibly downlap against a surface that 
may represent a paleotopographic high, 
resulting in very rapid seaward thinning 
to a feather edge. The high may represent 
the upthrown side of a down-to-the-west 
fault that was active during Ferron depo- 
sition. A problem with this interpretation 
is that the thick section represented by 
Kf-LC can be mapped as having a north- 
west-southeast trend based on limited su11- 
surface data, whereas faults that formed 
along the eastern hinge of the foredeep 
would be expected to have a north-south 
orientation. No contemporaneous chan- 
nel deposits have yet been identified. 
Last Chance anticline. Descend through 
the Cretaceous Cedar Mountain Forma- 
tion, and Jurassic Monison, Summerville, 
Curtis, Entrada, and Camel Fornlations. 
A minor amount of gas was produced 
from fractured zones in the Triassic Moen- 
kopi Formation along the crest of the 
structure. Note the northwest-trending 
dike on the west side of the road. 
Turn around in center of Last Chance 
anticline and return to 1-70. 
Junction with 1-70. Turn west onto 1-70 
towards Salina. 
Enter Salina. End of Day 1. 

ROAD LOG 

Second Day 

MILEAGE 
Cumu- Inter- 
lative val 

Leave Salina east on 1-70. 
Junction of 1-70 with Utah Highway 10. 
Ranch Exit 97. Leave 1-70. Turn left 
(north), crossing 1-70, Return west- 
bound 1-70 towards Salina. 
Ivie Creek Amphitheater. Turn off 1-70, 
driving down slight embankment. We will 
begin our day hike into the Ivie Creek 
amphitheater and lower canyon areas. 
Moderate to strenuous climbing will be 
required over the 2.5 mile (4.0 km) hike. 
Cross fence that runs along 1-70 and pro- 
ceed down steep embankment. Cross 
Ivie Creek and climb slight eml~ankment 
on the north side. Proceed along trail 
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0 UGS drill hole 

Figure 12. Irrdex map to the Ic'ie Creek urcu shotuing ttopogruj)lzy, hike rc~zlte, awl stops. RNSP tnap fi-ottz lTS.  Geologtrczl S u r ~ r y  Jfvscl 
Rtttte und CIlrCllker Huts 7.5'to~)ographic ntups, contour interzwl i s  4O.feet (12 rtti .  

towards the Ivie Creek amphitheater to 
the nortl~west follou,ing the itlap in fig. 12 
to tlie base of Kf-1-Xv-a. Begin asce~idirrg 
rtp a steep slope in the 'lilnrmli Shale fol- 
lowirtg the measured section on fig. 10. 

IVIE CREEK HIKE-STOP 1: 
Clinoform Facies of Kf-1-Iv-a 

The clilroforl~l section of ICf-1-Iv-a (fig. 9) is classified 
into four fi~cies: clinoform proximal (cp), c l i no fm n~eclial 
(om), clinoform ciiqtal (cci), and c1inofi)rm cap (cc). Facies cp, 
em, and cd itre assigned to clinoforlns only, and facies cc is 
a capping f~tcies above the clirtoforms (fig. 14). Tire cc facies 
is the result of reworking tlie tops of the clinoforms and the 
addition of new sediment. 

Facies cp is mostly fine- to meclium-grained sandstone. 
The chief sedinieritary structure is low-angle cross-stratifi- 

cation with minor horizontal and trough cross-stratification 
and rare hutnrriocky bedding. The facies is dorniriantly 
tliick to rnedirlrn bedded, well to moderately incirtrated, 
with permeal>ilitics ranging from 2 to 600 rnillidareieq (mD) 
and a rrlean of about 10 mD. The inclination of bed 1)oilnd- 
aries is generally greater than 10'. This facies is interpreted 
to he t11c highest cncrgy a11d most proximal to the wdiment 
input poitit. The steep incliliations are interpreted to rcpre- 
sent deposition into a relatively localized deep area in an 
open bay environment. 'The domi~lalrce of low-angle cross- 
stratification wit11 incli~iations within the bed or c1inofi)rms 
in a11 up-depositional clip direction indicatrs the influence 
of 011-sllore wave energy. 

Facies cnl is domirtantly santfstone with al.lrout 5 percent 
sllule. The satitlsto~ie is primarily fine-grained wlth slightly 
more fine- to very-fine-grained than fine- to medium- 
grair~etl. Horimrital beds dominate with some rippled, 
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trough and low-angle cross-stratification. Bed thicknesses 
range from laminated to very thick, but most are medium. 
The beds are generally well to moderately indurated, but 
are occasionally fnable. The permeability values range from 
non-detectable to 100 mD with the mean about 3 mD. 
Inclination on the clinoform boundaries is between 2 and 
10". Facies cm is generally transitional between facies cp and 
cd, but occasionally is present at the erosional truncation or 
offlapping boundary of the clinoforms, with no visible con- 
nection to facies cp. 

Facies cd is sandstone (sometimes silty) with about 10 
percent shale. The sandstone grain size is dominantly fine- 
to very-fine-grained, with considerable variation. Sedimen- 
tary structures in this facies are chiefly horizontal lamina- 
tions and ripples in medium to thin beds. The beds range 
from well indurated to friable. Average facies cd permeabil- 
ity is just at the instrument detection limit of 2 mD, but 
ranges up to 80 mD. This facies is gradational with facies 
cm and represents the deepest water and lowest energy 
deposition within the clinoform. It can be traced distally 
into prodelta to offshore facies. 

Facies cc consists of very-fine- to fine-grained, thick- to 
medium-bedded sandstone. The beds are horizontal, with 
some trough and low-angle cross-stratification. Burrows 
and other trace fossils are rare. The sandstone is mostly 
well indurated, with permeabilities ranging from non- 
detectable to 100 mD with a mean of about 2 mD. This 
facies is present stratigraphically above the truncated clino- 
forms near the top of the parasequence and where bed 
boundaries show little to no inclination. The cc facies is 
interpreted to represent an eroded and reworked delta top. 

Figure 8, the paleogeographic interpretation, represents 
the third step of the five depositional time steps of Kf-1-Iv- 
a. The main delta lobe was located to the east and north- 
east. That delta lobe allowed a protected embayment to 
develop in the northwest part of the Ivie Creek area. The 
clinoforms represent deposition into the embayment fed by 
river channels from the southeast. 

IVIE CREEK HIKE-STOP 2: 
Bounding Surfaces of Kf-1-Iv-a and 

Depositional Environments of Kf-1-Iv-c 

Fluid-flow communication likely occurs between clino- 
forms (or parasequences) where shales are absent due to 
erosion or non-deposition. Porosity and permeability values, 
dependent on facies distribution, vary laterally and vertically 
within a clinoform. Bounding surfaces between clinoforms 
designated proximal or medial facies contain two common 

Figure 13. Stratigraphic section from the lvie Creek amphitheater lithologic elements: (1) finer-grained, poorer cemented, and 

of Kf-1 (originaIly at a scale of 1 inch = 10 feet j2.54 m = 3 rn]) resistant litholog~ than the and 

showing lithology, nature of contacts, sedimentary structures, ich- units, and (2) laminations of ~ d ~ o n a c e o u s  material which 
nofossils, and, parasequence designations. are consistently poorly cemented and become planes of 
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weakness wvhich are expressecl in the recessive outcrops of 
the bor~riding surfaces. Most of thc betlttitig in tlit~ bound- 
ing srtrfaces is horizontal to slightly i~~cgular.  On occasioll 
clclu-ly re~cogr~iml)lc wave-ripple 1;ttiiinations arc fbnnd along 
with some flitser bedding. Often sonic pot-tio~~ of tlie 1)ouncl- 
ing surface corrtains gypsum veinlet\. 

Bounding surfaces fot~nct associated with a prosini;tl-to- 
proximal facies contact are generally somewhat thiriner 
tila11 tliosc associated with a ti1edial-to-11-teclial &tcie\ con- 
tact. Litl~ologically, the contact irr the proxirnal facie\ is 
satidier aiicl thinner, but ivhcre the bounding smfitce is fiur- 
ly thick (>0.30 feet 110 cm]) it shows a11 increase ill finer- 
grtline>d rocks. The anlor~xit of silt and ch;tle within the 
t>otrnding surface is related rrrort. to tlre tliitbkliess of the 
surface than the over- and unclerlying fieies designations. 
The tlistal facirs in the c~linoforms are dl sirrii1;ir in perlnc- 
al~ilitp ancl essentially act as strong lxiffles or harriers to 
flow. 

Kf-1-Iv-c is capped by u~iidirectional, troitgh-cross-brd- 
ded sandstone. .Al)ove the crms-bedded \andstone are 10 to 
15 feet (3-45 rn) of hay-fill deposits. These tlcposits consist of 
carl~onac~eous mudstone; thin, ripI~lec!-to-l~iot~~rl~:ttecl saritl- 
\tone and siltstone; fossiliferous mtldstorie to sandstone; 
oyster coclttina; and ash-rich coal. Although not mapped, 
the 11pper portion of this bay to c,oastal-plairi interval is 
related younger marine progradatioiks or parascclt~ences 
found oortli anct east of tlie Ivir Creek area. 

IVIE CREEK HIKE-STOP 3 :  
Sequence Stratigraphy and Depositional 

Environments of Kf-2 

The ]lase of Kf-2-Iv-a co~lsists of intcrl>edded sandstones 
and shales in prodelta to Iower shorefitce environments. In 
sonie places along the ba.sal contact of t11e parasetluencc it 

thin (I foot j0.3 m]) bed of kansgwssive deposits i.; present. 
Kf-%re-a shoals to midclle shoreface. The flootlirig surf:tcc~ 
and p;w:tsequenoe I-tounday is diffrct~lt to rc-cognize bceattse 
there is rio offset ill facies. The overlying Kf-2-Iv-b is aleo 
mitlcllt~ sl-rorefttce. Kf-2-Iv-a bt~cornekc thin ant1 ur~reeogtiiz- 
;tl>lc it short clistarice to the caait. Kf2-lv-b cxllil,iti gently 
scau7arcl inclined becls which are very cortspictious when 
viewed east along the outcrop. 'I'hc pnraceqrtence has at 
least two suh-cycles of grain size coarsctiing a11c1 hed thick- 
crrirlg upward. 'These units arp irrtcnsely I>ioturl~atetl. 

Kf-2-Iv-c is separattd fro111 the. t~nclerl!irrg Kf-2-Iv-I) Ily 
a siltstone to shale intel-val wliicl-r waries in thickness across 
the Ivie Creek area. Generally the entire paraseclt~ence 
fit1t.s ti-orn west to east. In the Ivie Creek arripl~ithtutel; Kf- 
2-Iv-c is interpreted as a bay-fill clcposit (although it is 
devoid of bocly fossils). At the top of the sequt>nce is a thin, 
medium-grained carbonaceous sanclstonc wllicli Init! rep- 
re\rtit the. niignttiort of a low,-c.nergy I~c~ac l~  (fort$slrorr de- 

Figure 14. Scakc~tl cross s~t,tion, orir?rtecl rr'esi to ettsf. tlwu'ing rlino- 
fonn.fizui~~ crssign~rl to &fi 1-lt--m fro~n thu I t  it, C : I P P ~  nrri~7JzitJ~~(zt~r 
bcrst,c-l on cr portiori of ~ E I L J  infi~rpreterl pl~ototnosclic. l@rticnl lincr 
rqlres~nt /)c>tn~mbi/ily l~.ctrcscv~Y arttl ~t~~a.si~retI se~~tiorl /oc~ttio~l~ 

posits) across tlie ha47 fill prior to capping b! coastal-plain 
deposits and deposition of the oc,erlying A-coal zotlc (which 
is locally 1111nied). 

IVTE CREEK HIKE-STOP 4: 
Lateral kcies Changes in Kf-2 

Kf-2-lv-a is tllieker here than at our last stop. It consists 
of a thin scqnence of lower slioref~~ce heterolithic\ overlairr 
by al~otlt 28 f k t  (8.5 rn) of tiiicltllr-shoreface deposits. 

Kf-2-lv-IJ consists of hori~ontally bedded, silty sancl- 
stone at the 1):tst. and rt~iidirrctiori;tl, trough-cross-bec1cled 
sand\torte to\v:trd the top. 111 a roatl cut along 1-70 and in 
Ivie Creek C:anyon, thi\ unit displays trortgh sets wliich 
becolile 1~orizttnt;llly beddetf in a tlowmlip directtioir ( t~ s t ) .  
Thew tleposits are interpreted as n~outh-l>~tr deposits. 

The type area of Kf-2-Iv-c ic the mouth of Ivie O r c ~ k  
C:ulyctn. Tlrii unit trndorrbtc.tlly w,mar\ts design. '1 t' 1011 d\ tt 

parasequence inasriiuch as tlic as\oci"itcd trancgressivc stti-- 
face ir clearly reeogni/al)lc Iroth in 1vie Creek C'niyort ,trld 
to the sorrth it1 tlie 1-70 madcut. The landward pinchorlt of 
the tnarine ficics of Kf-2-Ic-c is found northwest of this 
stop (sec fig. 12) dtltl trrncls just slightlj cxast of south 
tourarc1 1-70. The slioreline \andstone unit displays sotile 
interesting ant1 unt~sn;tl changes at the mouth of' Ivie Creek 
Canyon, changing ocer itl)o~rt 300 fc'et (90 ~ n )  frctrn '1 strorigl! 
wave-modified shorc~hce unit to a tr-ruch locver cviivc energy 
unit tlrat contiins ~ n r ~ t l  intcrbcdc and finer sand, and tlrat 
ltac a silvery-gray mlor on outcrop. This ch'ulge suggests it 
chalge from a co,tst direc>tly fhcirig the. cea to onc that \%as 
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sheltered from wave energy. The facies content of this shore- 
line unit is a wave-modified coast, probably shoreface in 
the proximal part, transforming to a low-wave-energy bay. 
There is evidence for bay-head deltas and tidal channels 
feeding the bay to the northeast, in Quitchupah Canyon. 

IVIE CREEK HIKE--STOP 5: 
Shoreface Deposition of Kf-2-Iv-a, b and c 

Kf-2-Iv-a is exposed in the vertical cliff at the base of Kf- 
2. At this location, a distributary channel deposit has cut 
into the upper half of the shoreface deposits. The coarser 
(medium-grained) channel is easy to distinguish from the 
darker-colored shoreface deposits. 

Kf-2-Iv-b (fig. 15) is dominated by unidirectional, trough- 
cross-bedded sandstone of the mouth-bar complex which 
continues farther up the canyon and is present in core from 
the UGS drill hole No. 11 0.5 mile (0.8 krn) to the south- 
west. This stop offers an opportunity to walk through Kf-2- 
Iv-b and c. 

Kf-2-Iv-c forms the 10-foot (3.1-m) cliff at the top of the 
alcove. Excellent upper-shoreface facies are exposed. The 
top of the unit is rooted by the overlying coastal-plain vege- 
tation. Root casts are commonly visible at the top of this 
unit. Just a few tens-of-feet up the canyon from the stop, 
there is a thin, but well developed, carbonaceous shale at 
the top of Kf-2-Iv-b, with the flooding surface for Kf-2-Iv-c 
immediately above. 

IVIE CREEK HIKE-STOP 6: 
Distributary Channels and 

Rotated Blocks in Kf-1 

Kf-l-Iv-a now lies several tens-of-feet below the parase- 
quence boundary. Recall that it filled an embayment and 
was sourced from the south to the southeast. Kf-l-Iv-c has 
thickened dramatically from our first stop. Here it is anom- 
alously thick due to large slump features or rotated blocks. 
Failure of the rotated blocks is consistently toward the 
north to northwest, the direction that the delta lobe appears 
to have progaded. The abundance of rotated blocks, which 
are relatively rare entities elsewhere in the Ferron, in this 
particular area may be related to a zone of flexure. Tilting 
toward the northwest may have encouraged failure of the 
delta-front. Rotated blocks are also present in the lowest 
parasequence of Kf-2 in the Coal Cliffs south of Miller 
Canyon and in the lower part of Muddy Creek Canyon. 

Kf-l-Iv-c has onlapped Kf-l-Iv-a. It represents a slightly 
younger episode of progradation filling space that Kf-l-Iv-a 
delta left unfilled, likely due to avulsion of the sediment Figure 15. Stratigraphic section from lvie creek canyon of Kf-l 
source. and Iy12 (originally at a scale of 1 inch = 10 feet L2.54 cm = 3 ml) 

On return to the vehicles, note the ~ross-sectional view showing lithobgy, nature of contacts, sedimentary structures, ich- 
of a channel in Kf-l-Iv-c on the second point east of here. nofossils, and parasequence &signatiom. 
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End of Day 2. Return to vehicles. Go 
westbound on 1-70 to junction with Utah 
Highway 10. Return to Salt Lake City 
via Price on U.S. Highway 6. 
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