
Geologic Diversity of Arizona 
and Its Margins; 

Excursions to Choice Areas 

Arizona Bureau of Geology and Mineral Technology Special Paper 5 



Field Guide to Sedimentary Structures 
in the Navajo and Entrada Sandstones in 
Southern Utah and Northern Arizona 

David M. Rubin and Ralph E. Hunter 
U.S. Geological Survey 

Menio PaA, California 94025 

INTRODUCTION 

This field-trip guide describes the common sedimentary structures 
that occur in eolian sands. The outcrops that are described occur in 
the Navajo and Entiaia Sandstones between the areas of Page, 
Arizona and St. George, Utah (figure I), but the sedimentary m c -  
tines of these two sandstones are typical of moff eolian deposits. 
The main pan of the guide discuw the geologic setting and the ori- 
gin of the various snictures, and the mad log discusses which anic- 
hires are best displayed at selected outcrops. 

Geologic Selling 

The late Paleozoic and early Mesozoic were the peak times of 
eolian deposition in the western interior of the United States. On this 
fleld trip we will be looking at tbe Upper Triatsic-Jurassic Nav* 
Sandstone and the Middle Jurassic E n W  Sandstone, the plioeipal 
lower Mesozoic wlian deposits of the southwestern Colorado Plateau. 

Kocurek and Doe ((983) have summarized the Jurassic oaleo- 
geography and paleoclimate of the western interior. During this time 
the southern Colorado Rateau lay at a publatitude of 10 -20' north, 
and pubnorth was a little westward of present north. Eustatic sea 
levels were relatively low through the late Paleozoic and early Meso. 
zoic, and marine waters were much less extensive than (luring the 
early to middle Paleozoic and the Cretaceous. The climate was gem- 
orally warm and @. Winds. as interpreted from crossbedding, were 
from northedy directions ranging fmrn the present northwest to 
p w n t  northeast (pode, 1962; Kocurek and Don, 1983). 

The entire upper Paleozoic to lower Mesozoic section thickens 
and cornins a greater proportion of marine beds toward the west. 
The axis of the depositional basin ran through the present Basin and 
Range province, an area from which Triassic and Jurassic deposits 
were later largely removal (peterson, 1972; Kocurefc and Dott, 1983). 
West of the basin axis were wtonic highlards of which little is 
known. The section thine and contains a greater proportion of non- 
marine beds eastward toward the Transconiineotal Arch aid toward 
local uplands (the remnant Ancestral Rockies in Colorado and the 
MogoHon Highlands in southern Arizona). Sources of fluvial sedi- 
ment were largely to the south and east of the depositional areas 
(Poole, 1961). Sources for the huge volumes of uw Pale& and 
Mesozoic eolian land ale poorly known, but a northern cratonic 
source on the Canadian Shield was probably important (Kocurek- and 
Dm 1989). 

The Navajo Sandstone is the u p p o s t  fomatloa of the Glen 
Canyon Group, which also contains, in descending order. the Kayema 
Formation and the Moeoave Ponaatioa or its lateral equivalent, the 
Wmgtte Sandstone (Figwe 2). The e& g m p  may be Jurassic in 
age, although a Triassic age cannot be ruled out for the lower part 
CPetemn and Pioirioeos. 1979). At the base of the srouo is a 

Formation or Wingate Sandstone from the underla Chi* Fonna- 
don. of Triassic age. 

The Moenave and Kayenta Ponnations are both composed largely 
of fluvial redbeds. The Moenave FrmnaUon contains the k d p  
forming Springdale Sandstone Member at its top. Redoish-bmwn 
mudstone of floodplain origin is the dominant rack type in the Kay- 
enta Formation, although fluvial sandstone and sibstone are also 
present Thin intervals of eolian sandstone occur in the upper part of 
the Kay?&, and to contact with the ovefl@g Navajo Sandstone Is 
gradational (Middleton and Blakey. 1983). The fluvial sandstones of 
the Kayenta are less well sorted and m&e&&aUy less mature than 
the eolian sandstones of the upper Kayema and Navajo, and the 
fluvial crossbeds dip westwud in contrast to the 
crossbed dips in the eollm ssiidstoccs in the upper Kftyents aid 
Iowa Navajo (Middlcton and Blatey, 1983). In the area around 
Kmb,  Utah, the tatenonguing between the K a m  and Navajo Is 
onascale1argeenoughthatthetongueshaveteenmined;hoethe 
Lamb Point Tongue of the Navajo Stndaone Is separated from the 
g&2&&$m&y,:by the T-Y C m n  T w w  of the 

* m v a j o - m - a t h e w P - d  
Mesozoic eolian sandstones of the western interior. Is cosa.posed 
largelysfwell-sorted,lice-tomedium-grainedsandstone. Inthe 
field-tripareathelowerfaithasconsiderableevidenceofthepres- 
ace of w* ( m a =  w and fmly p0-M 
defonsafion that required saturation of the sand) wd has 
southeastward-dipping crossbedding, whereas the upper pan hÃ§ little 
evidence of wetness and has southwestwud-diDping crossbedding 
(Maraolf, 1983). Accompffliving these differences if a chaogc from 
reddiahlathelowerparttolightgrayin(heupperpan,butthiscolor 
change reflects diageoetic processes. 

In the 2ion area the Nw& Sandstone is separated from the over- 
lying Temple Cap Sandstone by the 1-1 regional iincoofonBity, aid 
theTempleCopIsinturnmfromtheovedyingCanaelF~~- 
nation by the 1-2 unconfomiity (Pipiriaeos and O'SKBlvan, 1978; 
PaosoB and Pipiringos, 1979). Eastward from Zion, the Tern@ 
Cap pinches out and the 1-2 unctinfcmiity sepiratca (he NW&I from 
overlying formations (Figure 2). The upper pan Of the 
SandstoneiswUansandstone,andthetowerpot& 
stone,sataone,andmudaone 

TheCamelFormationconsistsOf~siltstoae,madstone, 
catenate racks, and evaporites. Many of the 
dish. The depositiooal environments ranged from 
~~tbewesttodominantlytuialflatsadsaKkhaoa 
( B l a b  and others, 1983). Fanher to the southeast, in the Page area, 
thelowerpartoftheCumdInteBtmmeEMttittieeolimPageSud- 
stone (Peierson and Ptoitingos, 1979). 
Sandstonedies to the 

TheCaimdisoverlainbyto 
unitofdoiiiDastl~tsitnoteafe'lEt?eoBaiioligm 
1983). In tte fiehl-@p ate *Ã isentirely-&& 
crossbeddioediestothesoatliwest TheEa&adai&ffsettaiauaeOfl- ~. . ~. - - -- - -~ 

regionally traceable unionformity, designated the J-0 unconfomtity by formably by the Upper Cretaceous D a b  F~nnation in the fieU-tnp 
Pipiringos and O'Sullivan (1978). that locally separates the Moenave area, although Jurassic fonnatknu younger than the Entrada appear a 



Figure 1. Map showing Scld-trtp route, stop locations, and outcrop belt of the stratlppbic interval between the 
base of the Navajo Sandstone and the top of the Emrada Sandstone. 

few @Era m the can (TTwBlpsoo god Stoh. 1970). To the west, 
b c t w c p f l y  ml Kmtb, the EBlrxIapinchesoui rod the Dakoia 
rent Ã tlm Cimd Fornation (Figure 2). 

Seidimentarv simctures in eolian sands fall into several cateeories: 

structures such as trace fossils, deformationfti strut- 
Hires.;pr eviporite-Klata) itrucuiei that record oilier posutepositional 
or tvtmepositlonal physical or cheated processes. The following 
ditcwuion considera the origin and signiReance of these StfUCtures. 

structures, as defined by Hunter (1985). are the smallest led- 
particulariy the thinnest strata, feat Mist in a 

placed on the sole of these structures, 
asfinestructuresarelessdunafewcen- 

thatqualifyasfinestructuresare 
y. Tk classiteaon of fine struc- 

toes used here Is genetic and, like all genetic classifications, cannot 
always be applied with confidence. 

?k threeprincipaltypesof fine structurethat areformedindry 
sand we climbing-wind-ripple structures, grainfaU lamination, and 
sam^fiow eross-stratification (Hunter, 1977; Fiybeiger and Schenk. 
1981; Kocurek and Don, 1981). Several types of fine structure Ibm 
in moist to submerged interdune deposits, but only a few types have 
b m  studied sufficiently to be distinguished with confidence (Hunter, 
1981). 

Deposits formed by the climbing of wind ripples ye common in 
most o o c n y  of the Navajo and Enuada Sandstones of the southern 
Colorado Plateau. This commonness is fortunate for the aeoloeist 
concerned with the iatemretation of denosirional environments 
because the distinctive i d  structure of &ch deposits provides the 
best single piece of evidence for an eolian ongin of these formations 
Excellent examples of climbing-wind-ripple structures can be seen in 

the Navajo Sandstone at the bottom of Water Holes Canyon (Stop 1) 
and In the Erarada Sandstone northwest of Page (Stops 2 and 3). To 
see the structures to best advantage, lookfor pkces where the 
outcrop surface bevels the bedding at a low angle. 

Climbing-wind-ripple structures can form on any wind-rippled 
surface thai Is receiving net deposition. In the Navajo and Entrada 
Sandstones, climbing-wind-ripple s&uctures occur most commonly in 
battooset or loeset (basal-apm) deposits that intertongue upward 
with foreset (including eltpface) deposits. In horizontal exposures of 
trough crossbedding, climbing-wind-ripple structures are best 
devdoped at the lateral margins of the troughs. Climbing-wind-ripple 
structures can mate up wmpletc .WE of crossbeds. provided the slope 
angles were everywhere less than the angle of repose. In a few thin 
sets of crossbetis feat represent nearly critically climbing small super- 
imposed dunes (especially in the Emrada Sandstone at Stops 2 and 
3). climbtag-wind-ripple structures make up the preserved topset 
deposits. 

Any climbing-ripple structure can be thought of as consisting of 
two components: translatent strata and rippleform strata, the latter 
including ripple-foreset cross-laminae (Hunter, 1977). In climbing- 
wind-ripple structures, however. the rippleform strata are generally 
not visible. A translatent stratum, or what Frybcrger and Schenk 
(1981) call a ripple-pnxluced stratum. is (he deposit left by a single 
migrating ripple during its lifetime. Where the ripples climbed at an 
angle so low thai the stoss sides of the ripples were eroded (ii which 
case the Wglc of climb is called subcritical or stoss-emsional), the 
translate@ strata have sfaaip, erosional contacts. The translatent 
stratification formed by stoss-erosionally climbing wind ripples long 
went unrecognized as having anything to do with ripples, for it rarely 
has any waviness suggestive of a rippled bed or any ripple-faresct 
cross-lamination suggestive of ripple migration (Figure 3). However, 
this kind of stratification can often be reco-d (or at least be 
suspected) at a glance by its "pin-stripe" appearance, a small-scale 
cyclicity that is suggestive of varves (Figure 3). On closer inspec- 
tion, the translatent strata can often be seen to be inversely graded. 
another good indicator of wind-ripple origin. 

TranslatenE strata differ from other strata in that the haxinary 
time lines within them are not parallel to the bounding suttees but 
rather intersect them. almost any set of crossbeds is a translatent stra- 
turn. Furthennore, when the nanslatent strata are of climbing type, 
the time lines cross from one layer into adjacent ones, meaning that 
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Figure 2. Columnar sections of Glen Canyon and San Rafael Groups 
in southwestern Utah (Zion-Kanab area) and nonhweacm Arizona 
(Page area). 

all the strata in a set were forming at the same time. Of course, the 
law of superoosition still holds along any vertical column, 

The rarity of ripple-foreset cross-lmiinae within the trandatent 
strata formed by climbing wind ripples derives ftora the nature of 
windripples. IUwtadripples,incontrasttocarreiaripptesinwater, 
the tee slopes dip so m y  that avalancbteJi does not occur, and om- 
s q k a l y  t h e  are M m i n i a b m ~ 4 o w  mxs-mta du* the 
ripple f&resets. Moreover, the thin lamination prodoced by wind 
gusts is naturally faint and telKis to be bhn?td by the impacts of sal- 
taxing grains. Although the rarity of ripple-foreset cross-laminae 
makes the translatou nature of ibe strata foaned by climbing wind 
ripples difficult to recognize, this rarity helps in distinguishing 
climbing-rlpcle structures formed by wind ripples from toe fanned 
bylamentripttes. 

C I M  ldnmion is fo& wkn m & y  saltating grains 
pass into the relatively calm air in a zone of flow separation leeward 
of a dune crest Ã n̂ scale out omo the lee slope or basal apron in 
front of the dime. As they fall, he grains lose the forward momentum 
that was Imparted to teem by tte wind and strike the surface so 
gently that the thin lamination produced by grain segregation during 
wind gusts is not destroyed. Onunfall lamination is distinguished 
from mnslarem stratification fanned by climbing wind ripples by the 

, 

1 

Figure 3. aimbing-wiinl-ripple itrocture (showing typical "pin- 
striped" appearance) in the Entrada Sandstone northwest of Page. 
Arizona (near Stop 3); qwmr-dollar for scale. A few ripple-fareset 
cross-laminae are visible within some of the stoss-erosionaHy climb- 
ing translatent strata; they indicate ftat the ripples migrated toward . 
the right. The 5-cm-fhick layer wilfa Indistinct cross-laminae (near 
the bottom of the photograph) Is a translateni stratum that probably 
was produced by a small dune. The faint lamination within this stra- 
tum Is of grainfan type except for some climbing-wind-rlpcle transla- 
tent strata just above the base of die dune-formed translatern stratum. 

e x t r e m e w ~ o f  grainfanlaminnuon md by imtypica~fajnmesa 1 

and lack of small-scale cyclicity (pin-striping). Distinguishing @ah- 
fall laminah from ~~ Wimion, whi& b famed 
conditions of interne saltation in strong winds, Is probably impossible 
in hand specimens. Viols strong enough to produce plane beds are 
not common in modem dunes, however, especially on the moderately 
steep lee slopes where grainfan deposition Is most common 
wall h d d O l l  18 li7WQIlCQU h! the Navajo and Blh'ada 

Sandstones of the acid-trip area Probably this Is because of the 
erally luge size of tte dunes Oat formed these sandstones. On large 
dimes grainfan deposition may never reach the base of the slipface, 
and the grainfall deposits of the upper slipface tend to be destroyed 
by avalanching. Even if they escape destroction by avalanching, 
gramfÃ§l deposits of the upper slipface are usually destroyed in the 
course of dune migration. Preserved grainfaU deposits in the field- 
trip area are generally found in thin sets of cross-strata formed on 
smaU dunes; toreset cross-strata of grainfall type are associated with 
topset deposits farmed by climbing wind ripples in some thin sets of 
mxs'strata in the Entrada Sandstone st Stops 2 and 3. A 1-m-thick 
set of cross-strata of grainfaU type can be seen at Stop 5 (Figure 4). 
GraisfaH or, less probabl plane-bed deposits also occur in some 
large-scale sets of concordant cyclic cross-strata in the Navajo Sand- 
saw, as at Stop 7 (Hunter and Rubin. 1983). 

The large-scale, steeply dipping cross-strata that are generally 
thought of as classically eolian were formed by sandflows (now 
cuberent avalanches) on the slipfaces of call dunes. 61 dip cross nee 
rions, sandflow cross-strata are most easily identified by their lack of 
curvature and by their distinctive toes or basal pinchouts (Figure 5). 
and in strike cross sections or horizontal exposures they are most 
easily Identified by their thictaBss (typically a few centimeters) and 
lenticularity. 

Two measurable characteristics of sandflow cross-strata are nseM '* 
in quantitatively interpreting eolian deposits (Hontcr, 1981). Became 
the original dip angles of sandSow cross-strata have a narrow range 
(the average dip angle being 32-33'>, the present dip angle is a good 
indicator of the amount of compaction. A reduction in dip angle to 
27Â¡ a eonunon amom of reduction in the upper Paleozoic and tower 
Mesozoic sandstones of the Coiorado Plateau, indicates 19 percent 
compaction. And because the thickness of sandflow layers is posi- 
tively correlated with slipface height (although the relationship has 
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Figure 4. A 1-m-mck sei of crossbala of Mndflow and giainfaB type 
in the Navain SandstnrK north of Kflnah. Utah CStnn 51. A wedoe- -~. ~ ~ ~ .~-. - ~ - ~  --.. ~-. .. ,- .- . , . . . . . . -. 
shroetlbodyofMadtcwcnai-strataoccunjmibovethehamna, 
but the icÃ§ of the MI I t  competed of trainfaB laminae identifiable by 
their fainmess md extremely high tabuUrtty (low lenHcularity). Note 
difference in weatherinff style between the Erainfall deposits and the 
undedying and overlying deposits, which were fbnned largely by . . - - 
climbing wind ripples, 

much scatter), the sandflow cross-strata can give some Indication of 
dune size, this relationship h a  recently been quantified by Kocurek 

I 
(unpublished data). 

Sandflow crowstrata are common in both the Navajo and 
Entrade Sandstones in the field-trip area. However, they are not 
common in all feu of cross-strata, and their nirity in some sets does 
not indicate a subaqumun origin for those sets. 

Interdux areas can be dry, moist, or ponded. Where the sand is 
dry, the same fine structures that fom on gently sloping dune sur- 
faces cm tain. Where the MIK) is moist, (he teposition of wind- 
blown sand involves the adhesion of grains to the swface, and the 
resultingAmanictmcfarcoiledtdhesionanictuits(Kocurckmi 
Felder. 1982). Where intcniune ponds or streams occur, the various 
t y p  of line structure formed by oscillatory low, unidirectional low, 
and settling out in quiet wrier can fom. Besides buying distinctive 
strocturet. some interdune deposits differ texturally from associated 
duos deposits, The imerdone deposits, although mostly said, can 
have both coarser material (coarse sand and very fine pebbles) and 
finer material (silt and mud) than dune deposits. 

The most common wet-interdux fine structure (or complex of 
fine structures) in the upper Paleozoic and Mesozoic eolian sand- 
siooes of the western interior is a type of stratification characterized 
by a snail-scale irregular lenticularity or crinkly appearance (Figure 
6). This lentfcularity must reflect some combination of deposition on 
irregularly wavy surfaces and small-scale deformation soon after 
deposition Many physical, chemical, and biological processes may 
haw tten involved (Hunter, 1981). bat itctat work in Arib'ian (lime 
fields (Fryberger and others, 1983) suggests that the precipitation and 
dissolution of evaporfte minerals within the sediment were the 
processes most important in giving the stratiflcaion its distinctive 

I appearance. The best examples of this type of fine stnictme in the 
field-triparea am inthe transitionzonebetweentheNavajo Sand- 
stone and the underlying Kfiyenta Formation, for example, at Snow 
Canyon (Stop 10). Besides occurring in ioffinhme deposits, the strut- 
tuas is common throughout the arid Soodplain or sabkha deposits of 
the Kayenta Formation. 

Easily identified adhesion structures are surprisingly rare in the 
~pper Paleozoic and Mesozoic intenitme deposits of the western in& 
dot, probably because of processes involving evapodte minerals. 
which cm either went  adhesion bmoures from assuming their typ- 
ical form or alter the structures after they fonn. The ooly undoubted 
adhesion structures lhat we know of in the field-top area are some 
thin layers characterized by quasiplanar adhesion lamination and 

Figure 5. Toes (basal pinch-outs) of sandfiow cross-strata in the 
Navato Sandstone at Water Holes Canvon. Arizona (Ston 1). The 
andflow cross-itrata abut on and inicnonguc with lasal.aprondepot- 
lm in wid& tk line structure is pmbabiy @nWl lamhatmn but 
may include intervals of climbing-wmd-rippic trantltiem straliecauon. 

. 
Figure6. Wct-lntenlimeorsabkhasandstonenearthebÃ§scofth 
Navajo Sandstone at Snow Cunyon, Utah (Stop 10). Eolian 
crossbnitlingismboriliulc~tbiapanofthesection,mlhat"sab- 
kha" may be a more appt'oosists fades designation than "Inieriime." 
Note the irregularity of the h l c l i q ,  much of which in &is expoam 
is of deformational origin. 

climbing ~dhesion ripples in dune deposits Coot iiaerduoe deposits) of 
the Entrada Sandstone at Ston 3.  he formation of adhesion siruc- 
lures at Gels above the i d u n e  troughs requires rainfall, not just 
the intersection of the water table by the troughs. 

Where fine structures are deoosited on an inclined surface such as 
the Sank of an eolian dune, the resalting deposit is an inclined bed 
called a criossbed. As a dune misrates. successive crossbeds are . ~ ~ -  ~ ~ - .  ----... ~ - ---  ~~ 

deposited.onits *ftoci surface, thereby producing a Ãˆe of 
crossbcds. Unless net deposition occurs white the dune migrates, the 
set of croAsbeds win be thomurfily rewoiked by the next dune having 
an equally deep uwgh due migram across the depotitional site. In 
contrast, io <n area unde@ug net deposition, dunes will move 
upward (climb) relative m the generalized depositional surface (Alien, 
1963; BnmkEeld. 1977; Rubin and Hunter, 1982). The result of Ihia 
process of dime climbing (migration accompanied by net deposilion) 
is a c a s e  of <,Ã ôssbeds shown in simplest form in row 1 of Figure 7. 

Rubia and Hunter 



Figure 7. Eight examples of 
dunes and crossbedding. 
The figure illustrates bed- 
ding produced by dimes 
with: simple (two- 
dimensional) and compli- 
cated (three-dimensional) 
morphology; simple (invari- 
able) and complicated (vari- 
able) behavior; and 
transverse, oblique, and 
longitudinal orientations 
relative to the resultant sand 
transport direction (from 
Rubii  1987b). 

THREE-DIMENSIONAL 
'nuM-dfanaotloatI bttUornB m cutved in 

singlepoint 

VARIABLE 
VBUHeMSotmrn(hoetintdinnf*in 

TRANSVERSE, OBLIQUE, 
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OGRATlON CROSS-BEDS BOUNDING 
VECTORS SURFACES 
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One of the most important goals of eolian sedimemology is to 
determine wind re&w and sand umpn directions from crossbed 
geometry. The firat step of this interpretive process is to nsonatniet 
dune geometry and behavior from crossbed geometry. In general, 
dimes with simple geometry and simple behavior deposit simple 
crossbedding, whereas dunes with complicated geometry or compli- 
cated behavior deposit complicated crossbedding (Figure 7). Mor- 
phologic complications are caused by such feaures as sinuous, 
discontinuous, or irregular dune crestlines; scour pits in dune troughs; 
superimposed bedfonns, peaks, spurs, or other topographic features; 
and moqhlogic differences between individual dunes in a dune 
field Behavioral complications are produced by such processes as 
reversals m dune asymmetry or migration direction; random changes 
through time in the morphology of individual dunes, systematic 
changes in morphology of entire populations of dunes; splitting and 
merging of dunes; and creation, destruction, or changes in moiphol- 
ogy or behavior of superimposed bedfonns. 

Where these behavioral and morphologic wmplications are 
absent, dunes that migrate in an area imdergoing net deposition do 
not experience erosion on their lee slopes. Because of the lack of 
lee-side erosion, the sets of crossbeds deposited by these dunes lack 
internal erosion surfaces, and the crossbedding is defined as simple 
crossbedding. The simple crossbeds can have a narrow spread in 
crossbed dip directions (if the dune was relatively straight-crested, as 
in row 1 of Figure 7) or a wide spread in dip directions (if the dune 
was sinuous, as in row 3). In contrast, where dune morphology and 
behavior are sufficiently complicated. erosion can occur on the lee 
side of a dune either during erosional episodes (inch as wtnai the 
dune reverses) or at erosional sites (such as on the stoss sides of 
dunes superimposed on the lee side of the main dune). These em- 
sional episodes or migrating topographic features with erosional sites 
produce internal erosion surfaces within the set of crossbeds depos- 
ited by the migrating dune (Figure 7. sows 2 and4-8); such sea of 
crossbeds are defined as compound crossbeds (Harms and others, 
1975; Rubin and Hunter, 1983). Behavioral and morphologic compli- 
cations can occur together, producing crossbedding that can be 
extremely difficult to interpret (Figure 7, rows 6-81. 

The effects of morphologic complications can often be dis- 
tinguished from those caused by behavioral complications. In gen- 
eral, changes in dip direction indicate morphologic complications, 
whereas changes in dip inclination that are not accompanied by 
changes in dip direction indicate behavioral complications (Figure 7). 
CIlK exception to this generalization is where B t r s i f f f a t w  dunes 
migrate directly down the lee slope of a larger straight-crested dune; 
the result of this morphologic complication Is a set of crossbeds that 
vary in inclination but not direction.) More thorough discussion of 
this topic is riven by Hunter and Rubin (1983). Rubin and Hunter 
(1983), anil Rubin (1987~). In the following discussion we preicnt 
examples of crossbedding deposited by dunes with behavioral compli- 
cations (Figs. 8 and 9), morphologic complications (Figs. 10-12). and 
both kinds of wmplications (Hgure 13). 

Because dune morphology is eonEroUed largely by wind wndi- 
lions, changes through time in the wind regime can be expected to 
produce changes in dune morphology, provided that the wind condi- 
tions do not fluctuate so rapidly as to be filtered out by slowly 
responding dunes. Many of the relatively random changes in 
geometry of crossbeds in a set are undoubtedly produced by random 
fiuctualions in dune geometry On response to random now flaclut- 
tions). The most noticeable and inierprefabk structures tbal arc pro- 
duced by flow fluctuations, however, are the cyclic crossbeds pro- 
duced by cyclic fluctuations in dime morphology or fine stracture, 
both of which can form in response to annual or other regular 
fluctuations in wind strength or direction (Stokes, 1964; Hunter and 
Rubin. 1983). 

At least two tMs of cyclic crossbedding produced by fluctiatmg 
flow occur in the Navajo and Eotrada . conformable bed- 
dQ cycles produced by cyclic ehanwmfine (Figure 8) 
and discordant bedding cycles produced by cyclic fluetoauons in dune 
asymmetry or dune height (Figure 9). A fiuctuaring-flow iateipreta- 
HOD is prefenetf for these examples of cyclic crossbedding because 
the crossbeds and internal bounding surfaces in the sets dip toward 
the m e  diredon, M y  dammmdng that the dunes he4 a 

rrittively simple two-dimensional moiphology. Add i t id  examples 
of crossbedding produced by fluctuating flow are given by Hunter 
and Rubin (1983). The cyclicity In the Navajo Sandstone is inter- 
preted to be annual (Stoke#. 1964, Hunter and Rubin, 1983) primarily 
because unusually strong winds would have been necessary m have 
caused the observed dune migration in shorter time cycles, 

Like crossbedding produced by fluctuating flow. the crossbedding 
produced by dunes with superimposed dunes or other moiphologic 
complications can be eitkr random (produced by random topoeraaafaic 
features) or cyclic (produced by trains of similar superiaposed dunes, 
spurs, or crestline sinuosities). Migration of the superimposed 
features is often accompanied by erosion on the stoss side followed 
by deposition on the lee side. The cyclic passage of such t o p  
gra& feattircs deposits cyclic sea of crossbeds that are p p e d  In 
a coset deporited by the main dune. 

Two Idmit of cydic, complicated-morphology, compound 
crostbedding are conspicuous nroughout the Navajo and EnttiKto 
Sandsiones along the route of this field trip: (1) anduma formed by 

%'?AT =*zg  22% &%== 
along the troughs of the main dunes (Figure 11). The two Idndt of 
structures listed above are geometrically related because Intersecting 
troughs of the main dunes and the superimposed dunes torn topo- 
graphic depressions that behave geometrically like scour pits, and 
mieration of the suoerfanwscd dunes can cause these detoesdaos to 
mi% along the &ughof the main dune. Regxdlen of the mor- 
phologic deulli, tlongcrm migration of supcrimpwed futuret cau~i 
a cyclic rotation In dip direction of crossbeds within the set (Figure 
121. 

Recognition of structures deposited by superimposed dunes is 
important, not only because such structures arc useful for f?qnsma- 
ing in detail the original dune inorpholoffir, but also because the 
migration direction of the superimposed featmes relative to the saaSa 
dune is an important indicator of whether the main dunes were 
trsnsverse. oblique, or tongitudiial. Supdniptd featmes can be 
expected to move dominanriy in one alongcrest direction if they are 
superimposed on an oblique or longitudinal dune. In contrast, on a 
transverse dune, superimposed features can be expected to show a 
less @- preferred awmmst migration (Rubin asd Hunter, 
1985). In Ac Entrada SaalsBne in the vicinity of Page, Arizona, the 
mpow-w*mthat*-- 
had a pfoflouaced tendency to migrate la an atongcrest direction (to 
t h e r i g h t o f t h e m i g r a ~ ~ ~ f t h e m a i n d u n e s j '  Â¶tuBcbar 
terisBc indicates that the main dunes In thiÃ region wm sat aligned 
transverse to flow, aid say have been more nearly kngitiidliul than 
transverse. The hypothesis of a relatively longitudinal Bend of 
Entrada dunes is supported by observations to t6e east of the Seld- 
nip area (in northwestern New Mexico), whw sand-body smface 
relief defines lineations (burial dunes) W litad nonhctst-Muthwest 
(Vincrilete anil CUttira, 1981) pocallGi m ibe local 
sand transport direction infisned Bid Troiier (1965). 

~ m i * b e ~ 9 - ~ ~ ~ ~ 8 Y a n d  
cornpHcued bdavtor can pnxhicc extremely cmpSaed aosfbed- 
dfaio. Examoleft of one of Uie more cyclic stmcture* deposited by 

SeveralmetofstructuresSnootby~iefonnatfonofunconsoli- 
dated sediment of found in the and Entrada of 



Figure 8. COnform*bte cyclic foresets in 8 10-m-thick set Of 
crossbeds in the Navajo Sandstone, Zion National PvSc, Utth (Stop 
7). ThecvclicihisduetoalltcnutiocoferainiiUdcixxBtiontnd 
deposition'by wind r i m  and is btapted-to be theresult of an 
annualcydeoffluctuationsinwindspeedordirection. Inthispflrtic- 
ular set of crossbeds, the gndnfall deposit̂  are more resistant to ero- 
u h m ~ t h e ~ - ~ ~ ~ .  ~ ~ ~ 0 f  
dune advance represented by individual cycles is 0.3 m. 

Hmre 9. Cyclic compound croateddinz (tUacoBlant cyclic foresee) 
inamofcirosbedainUKLmibPointTonemoftheNavatoSanil- 
Ã§tone,noithofKmab.UlÃˆh(Stop5 Thecnwboltuelaraelyof 
Ã‡anrfHowtv Afwftwhnerinrfofdimeadvance-&-wax 

the field-trip area. The structures range in scale (fold amplitude or 
thickness of deformed zone> feom 1 cm or less m 10 m or mois. .- ~~~. ~. 

~ h p -  mallest dafnnn~nai ~tructurei & i f  the &en- .-. ..~ .--- ~-~.. -~ ---- ~ - -  - -~ - ~ ~ 

laxities in the stratification of wet-interdune deposits (described &r 
'Fine Sinicures") and structures forma) by the Hiding of coherent 
or Mnicoheient sediment masses down slipfaccs. The latter, whole 
formation has been studied eroerimenuU.y by McKce and others 
(1971). are not common; most of the avalanc&es were sandflows by 
the time they came to a stop, even. if they started as slides. 

Decimeter-scale contortions are common in flat-bedded intervals 
in the umddon xnne between the ~avaio  {Sandstone and the ncdedv- - -- - -- .- 

Kayenia  orm ma lion. for example. *'snow Canyon figure 6; Slop 
10). We imcipret these structures to have formed by a combination 
of loading and fluid escape. Some of the flat beds are certainly 
waterisid, and even the eolian deposits probably became water- 
satorated after slight burial. The uneven loading due to the migration 

Rubin and Hunter 

Figure 10. Compound croubeddlog deposited by ilongslope- 
migrating superimposed Saves, Entnula Sandtooe near Stops 2 and 
3. The infill) dune that deoostted thix entire coset micrued froni left 
to right, and the superimposed dimes mifated loward the viewer. 

of nand dunes over the flait (a "rolling-pin" mechanism) then 
induced compaction and fluid escape. 

Zones of contorted bedding as thick as 10 m or more are com- 
mon in parts of the Navajo Sandstone, SOT example. in the lower part 
of the fonnatlon and in the Lamb Point Tongue noni of Kanab 
(Stops 5 and 5A). Another example is well exposed In the walls of 
Water Holes Canyon (Figure 14; Stop 1). Structures of this type have 
been studied by Sandeian (1974). Doe and Dolt (1980). and 
Horowitz (1982). All these workers agree that the contortions formed 
while the sand was saturated with water but that the deposits are 
eolian, not lubaqueous. An origin below the level of the dune 
troughs is thereby indicated. 

One characteristic of the deformation poses a paradox if the 
deformation took olace below the level of the dune muehs. The 
overtumine of ckssbeds at the bases of deformed zonesindicates 
shearing by an overriding sediment mass that moved approximately in 
the direction of crossbed dip figure 14). How could dune migration 
direction have controlled the direction of shearing below the level of 
the dune troughs? One proposed inteipretation capable of resolving 
this paradox is that of Hoiowitz (1982). which involves earthquake- 
induced liouefaction centered beneath an interdune troueh and the 
conseqaertcollapse of the done impinging on the trough.- A second 
possible explanation is that the overriding dunes, which may have 
been as much as several hundred meters in height (Rubin and Hunter, 
1982). acted like huge rolling pins that deftmed the sediment in the 
underlying beds. More study of these structures is needed before 
their origin is fully understood. 



Figure 12. Campuier-xrepUcf model of the odgb of scalloped cronlxdding farmed by superimposed dunes. 
A. Dune morphology and vertical sections. The main dune ii migraUng left to right, id the superimposed dunes 
are migrating away from the viewer. Iniersectim~ of the trodgin of the two sets of dunes produce scour pits. and 
the cyclic pusa^e of tfaexe scour pie through the left verticil section produces the scallops. 
B. Horizontal did vertical sections. Deposition causes the scour pits to migrale upwind ihroua the horizontal sec- 
tion, producing the "fingertip*' structures. 

Rubin and Hunter 



F i m  13. ZBZBC structure fonned bv a dune with reveraiflfl lee-side ~~~ - -~~-  ~ ~ ~~~~~~ - - ~ ~  ~~ -. ~~ - - ~ ~ ~  -~ ~. .~.. 
&; Lamb Point Tongue of the Navajo Sandstone, Kanab Creek, 
Utah (Stop 4). The spur that deposited this structure r e v d  back 
and forth across the outcrop plane while the main dune migrated 
toward the viewer. 

Rgwc 14. Lqe-sc& [teteroaflonalnractureInUKKavitj~Smi- 
stone at Water Holes Canyon, Arizona (Stop 1). UK crieBUtiom of 
the drag folds indicate tat the overriding sediment manes moved in 
the same direction as the cnxsbeds dip. 

lhd!%ih 

Although trace fossils are far from common in eoHas sandstones, 
except pihaps in wet-utteidune deposits, Tfaey are known (Ahlbrandt 
and others, 1978) and indeed are f a y  common in a few beds of the 
Nav* Sandstone in the field-nip area. We have no doubt that the 
beds in which the trace fossils occur are eolian. At least three 'kinds 
of trace fossils have been seen in dune-foreset or basal-apron deposits 
at Water Holes Canyon (Stop 1). 

S (diameter 0.5-1.0 cm), densely clustered, diversely 
oriented, unlined tub% filled by stro.cmrcleas sand. occur near the base 
of a set of cmsabedfi at the bottom of the canvoa. These trace fossils .. - .~~ -~ .~ .....- ~ ~~~ ~~- - - ~ ~ ~  

are probably intrasiraral trails produced by M organism that lived on 
the lower lee slopes of dunes. Penetrating Into the same set from its 

& upper bomrimg surface Ã§i rooatfly vertcal tubes about 10 cm m 
diameter filled by sand, some of which is sorarified. These tubes evi- 
dently stood as open burrows and probably required damp sand to 
mvent collanse. The set of crossbeds in which these trace fossils 
-occur, uol& so many other sets at the locality, has no carbonate 
nodules. The lack of these nodules, which are inteqxcted to have 
formed by replacement of waporites, suggests that the moisture was 
provided by unosoally fresh water, which was evidently attractive to 
oraanisms. 

Figure 15. Nodules inteiprctaj to have fanned by replacement of 
enpmites; Navajo Sandstone at Water Holes Canyon, Arizona (Stop 
11. The nodules axe most abundant near the too of the set which is 
the location where evaporation would have occurred if die dune 
troughs bad bees wet 

Near the An of the canyon Is a set of clossbeds (or several 
literally unconnected sets at nctrly the same stntigraphic hel)  tha 
tppcart more weathered Ban ieÃ above ml below aid that Is 
penetratedfromIfupperboundingsurfacebymMttyverticaltubes 
as much as a m lou& IHe tubes Have cores, probably the fillings of 
originally openiMiTows.fhttare2-4crnIndiameteraadthttaretur- 
rounded by more resbunt, imn-MWe-rich linings. Near the top of 
the set, some of the vertical tube* comiect wi% horizontal tubes. 
some of which are cork-screwed. These burrows, which resemble the 
burrows of some modem crustaceans, evidently opened onto a surface 
that remained exposed long enough for the sand to become we&- 
aed. In places, wet-inteRlune deposits are pseived above the sur- 
face. 

~ ~ ~ ~ m a W m n r n  
many outcropi of the Navajo Sandstone andat some outcrops of the 
Entraria Sandfttone. The nodule6 have several chAracteristica that sir- ----- - 
gen that some of thm bnned by replftcemcnt of evaporite crystals 
or noduteft In some sets of ccossbeds that contain the nodules, the 
nodules are cooceotrxtod near the bottom or top Of the *ei (Figure 
15). Both of tele rite! we Inferred to be favorable far cvtporitt 
precipitation, bcctuK both tend to be near the interface between ilr 
and interstitild waten u the time of deposition. Water can rise into 
lower foresets and evaporate, tiaereby depositing evaporite8 that are 
coBcenttated near the base of a set of crossbeds: and Water that Wa- 
pmufrom a d& trough may deposit evaporites in the top of the 
uaieriying set. In the Entrada Sandstone east of the field-mp area 
(near Griiup. New Mexico) some nodules that are concentrated at the 
base of a set have preserved the stupe of the cvaponte crystals that 
were replaced (Figure 15). demwtraling that at least these nodules 
formal by nsplacemait of evaporites. TIB ori* of Vie m m  typical 
spherical or ioegular nodules that appear to be tsaSKsaSy distnbated 
within Ãˆet of croabals may also be related to evaporiies, but such 
as origin is not eenclusivdy denionsteatfid. 

Rubto and Hunter 



ROAD LOO AND STOPS DAY 2 

DAY 1 
Retrace mate fiom Page to visitor center at Glen Canyon 
Dam. 

t i r ~ o a d  log begins at intersection of U.S. 89 and US. Alternate 
89, 24 miles south of Page, Arizona. Take U.S. 89 north 
towards Page. Ascend Echo Cliffs, passing through section 
from Moenkopi Poimation at base of clifi to Navajo Sand- 
stone at top. 

12.7 Begin descending bill, pasing outcrops of Page Sandstone 
and upper pad of Navajo Sandstone for next 1 mite. 

17.8 STOP 1, Navajo Sandstone at Water Holes Canyon, 'This 
stop is on property of the Navajo Nation Persons following 
this route should obtain permission to stop here from the 
Navaju Nation Minerals DepartxnBit, Window Rock, Arizona. 
It is worth this extra effort to stop at this site, because the 
structures are exceptionally well displayed. Allow several 
hours to follow the hake and to examine the fltructures 
described. Fade on north side of canyon; enter gate on east 
side of highway; walk east along canyon rim until reaching a 
location where north wall of canyon becomes leas n@q 
Climb down to canyon floor. Continue east along the canyon 
floor, noting the following features: climbing wind-ripple 
structures (including some with preserved foreset cross- 
laminae); sandflows (visible in vertical sections in the canyon 
walls and in a few horizontal sections on the floor); two 
fcinds of trace fossils, nodules - tnfened to be replaced 
eviporite nodules - IM in some bed! are concentrated 
above and below bounding surfaces; d subsets of 
crossbed8 deposited by superimposed dunes; scalloped 
crossbedding fonned by fluctuating Sow; and a zone of 
deformed bedding that includes almost the entire section In 
the canyon wan. At the site of the defouned zone, climb the 
north wall of the canyon and continue east along the rim to 
inspect the wnfonnable fluctuating-Sow balding cycles. The 
following features are visible along the rim on the return 
mute to the highway: a thick bed containing burrows that 
weather out of the rock (just below the elevation of the rim) 
and horizontal sections through trough-shaped sets of 
crossbeds - some of die sets are cyclically filled, firet from 
one direction, then from another. 

Continue north along U.S. 89 towards Page. 

22.9 South turnoff to Page (Loop 89) on right. If time pen&, 
continue north along U.S. 89. Page Mesa on right (east) is 
held up by Page Sandstone. 

24.2 North tumoff to Page (Loop 89) on right. 

24.7 Overlook on south side of Glen Canyon (sow of Colorado 
River). Turn rilfit on gravel road. 

25.2 ALTERNATE STOP 1.4, Contact of Page Sandstone and 
Nmdo Sandstone. Me illoag road and walk 0.3 mile 
northeast to smafl mesh Contact is near base of mesa, 
masked by large polygonal cracks at top of Nave. Retom 
to U.S. 89. 

25.7 Turn right (north) onto U.S. 89, crow Mdge over SXm 
canyon 

263 ALTERNATE STOP IB. Visitor center at (Sen Cmoa 
Dam. Navajo Sandstone exposed in walls of canyon. Note 
zone of large-scale contorted bedding. Return to Page fQt 
night. 

0.0 Leave Glen Canyon Dam driving on Lalceshore Drive toward 
Wahweap Marina. Follow s/sl north along west side of 
LakePowell. NavajoSandstoneandPageSan<l5tonecrop 
out along mad for first 2 miles, Entraia Sandstone fomis 
white cliffs on north side of Lake PoweD. 

4.3 wahweap Marina. 

6.8 IntersectionofU.S.89andLakeAoreDrive. tensU.S.89, 
enter pariang lot of Lake Powell Motel. 

6 9  STOP 2. Sandstone on hillside in back of Lake 
Powell Motel. Fade in the mold lot, aid walk up the hill 
toward the closest outcrops. Note the climbing wind-@+, 
mduw. ~ e w a l k i n g u p t h e b i l i , m d ~ t h a t % b ?  
crossbcds generally dip toward the right (toward the west or 
soahwe@, whereas the bounding surfaces thai septralc the 
crossbeils dip inla the ouicrop (iroigWy towan! the south). 
This coset of beds was deoosited bv a laifie dune that 
m- toward the south orsoutbwest while -- 
bedfonns migrated toward the w o t  or northwest. 

7.0 TUB left (west) onto U.S. 89 towaid Kaab, UtA 

123 ~ u m  left onto dirt road. Close sate behind you. am- 
rinuetopultoff. 

12.8 STOP 3. Entrada Sandstone in men walls. Note the ex& 
lent exanplea of fine atmcturra, including climbing adhesion 
ripplea,and notethetcaUopedcrosiboUing(oneastsideof 
din road) that was produced by sum piB tat migrated 
towarathewftst.whitethemsinduo6nitaffitedtowudthe 
south. Return to US. 89. 

13.3 Turn left (west) onto U.S. 89 towe& KÃ§nab Several 
outcrops of Entrada Suidaone along highway fbr next 7 

miles. 

29.7 Entrant Sandstone in cut on left side of h w w .  
Nonh of highway Sx cm 2 mil<s m outtrops of white 
E n t r a i a s m l 6 # t o M a n d ~ I c d ~ o ~ ~ -  
&SL 

75.3 Ifflcrrctfcn of U.S. 89 Ã‡Di U.S. AllHlilÃ§ 89 in KÃˆnÃˆ Uu)l. 
Tumright(north),continuingonU.S. 89towardMeantCÃˆr 
mel Junction. 

78.5 Thin efillan inKaycntaFoinutlon~dght(Bit1 
side ofhi(toÂ¥if 

toward the eastandsouth fan~bsnoflfaeastand soothwest 



Continue along gravel mad. 

Turn around at driveway to private property: return to U.S. 
89. 

Turn right (north) onto U.S. 89 toward Mt Camel Junction. 

STOP 5. Compound crossbedding in the Lfonb Point Tongue 
of the Navajo Sandstone. Structure is shown in Figure 9. 
PaA along road. Note the cyclic character of these foresets. 
They are interpreted to be annual layers, and they document 
the net rate of dune advance (1.5 in/year). Continue no& 
wart on U.S. 89. 

For next 0.2 mile, pass upsdon  through Tenney Canyon 
Tongue of Kayenta Formation. 

ALTERNATE STOP 5A. Zone of large-scale contorted bed- 
ding near base of main body of Navajo Sandstone. Pad; 
along highway. Exposures on both sides of mad. The top of 
the deformed zone is at least locally a shear surface, not an 
erosional surface. Continue northward on U.S. 89. 

Exposure of large-scale scalloped crossbedding in NavaJo 
Sandstone in canyon wall on left (wen) side of highway. 

South turnoff on left fwesti to Coral Pink: Sand Dunes. The . ~ - ~ ,  .- .- 
dunes We 12 miles southwest of the highway and worth the 
drive if the wind hu been nronf enough to obliterate the 
unsightly offmad-vehicle tracks Out uuaUy mar this other- 
wise beautiful area. 

North turnoff to Cord Pink Sand Dunes. 

Cross Sevier fault Navajo Sandstone on east side, C m e l  
Formation on downthrown (west) dde of fault 

M t  Camel Junction Turn left (west) on Utah Highway 9. 
Note cut through oolitic limestone in C& Formiaion on 
right (north) side of road 0.2 mile past Intersection. 

Stratigraphically highest pdnl on road between Mt Carmel 
Junction and Zion National P& Upper Cretaceous Tropic 
Shale and Dakota Fomatioas overlie Cmmel Formation 
unconformably. 

For next 0.5 mite, pass eolian sandstone outcrops of Temple 
Cap Sandstone. Next outcrops after teat are of Navajo Sand- 
stone. 

On right (north) side of mad is a transverse exposure of a 
trough set in which forcsets are cyclic (annual layers). 

Entrance to Zion National Park. 

Outcrop north of mad has trace fossils and a trough set with 
zigzagging infilling (not visible from mad). 

ALTERNATE STOP 6A. Pinking area providing view of 
Checkcrtioart Mesa (NavaJo Sandstone). Walk &bug mad 
toward mesa to view very thick (more than 30 m) set of 
crossbcds south of road and east of mesa. Return to vehicle 
and continue westward on Utah 9. 

STOP 6. PaAing axes provides view eastward of transverse 
section of concave-downwind foresets In a tabular set in 
Navajo Sandstone. The variable strike of the foresets indi- 
cates that the Saw was curved in plan form, whereas the 

% v e = r n x v ~ e ? $ z  p= 
trough). Continue driving westward. 

109.6 STOP 7. Pariong area for exposures of conformable cyclic 
forcsets in the Navajo Sandstone (Hgure 8). Horizontal e x p  
sures reached by waQdag 0.1 mile back (eastward) along 
highway, then going south from road. Vertical exposures arc 
visible from a point 0.2 mile west of paddug area, looking at 
opposite wall of canyon. Return to vehicle and continue 
WfistwanT 

110.1 Valley-bottom exposure of compound crossbeddlng deposited 
by downslopc-climbing dunes (not visible {rom road). 

1115 ALTERNATE STOP 7A. Paddng area providra view arii- 
ward of c a w  of cross-strata exposed on hillside (Navajo 
Sandstone). Walk back (north and east) 0.4 mite to see 
hsgescale scalloped crossbedding on southeast side of same 
m 

113.3 ALTERNATE STOP 7B. Mdng ana provides view east- 
ward of coset of cross-strata (Navajo Sandstone) with bound- 
ing surfaces due rise southward Cm dip direction of cross- 
strata). A few meters above mad level on north side of road 
is an outcrop of Hat-bedded wet-interdune sandstone. Walk 
westward 0.1 mile along road to [railhead north of mad. 
About 0.3 mile along Kail is horizontal exposure of 
desiition-crscked inteidone deposits. 

113.4 Enter 1.1-milelong tunnel, 

114.8 First of five h a m  turns. Next 2 miles provide several good 
views of Navajo Sandstone exposed in canyon walls. 

115.8 SmIigraphio level of thin eolian sandstone in Kaymte Forma- 
tion The sandstone forms a resistant ledge visible on oppo- 
site side of canyon. 

116.7 Exposure of subaqueous climbing ripples in Kayenta Fonna- 
IiM. 

117.4 Qosf bridge over ftae Creek. Springdale Sandstone Member 
of Moeoave Fonnailon foams xesistant ledge just above mad 
levelonbottisidesofbridge. ~ilesmdaottcisfluvial. 

117.9 Intersection of Utah 9 and padc mad. Turn right on paA 
road into Zfam Canyon. . 

120.8 Zion Lodge. Stop for night 

DAY 3 

Retrace route to intersection of park road and Utah Highway 
9. 

Turn right (west) on Utah 9. 

ALTERNATE STOP 7C. Zion National Pa& visitor caller. 
Exhibit!; books and maps te rate. 

Booth at west entrance to Zion National Park. W e  Fonna- 
tion crops out at mad level between here and Springdale. 

Pass through Springdale. 

Shinanmp Memher of Chinie Foimation forms resistant 
ledge at road level. Member is composed of fluvial sand- 
scone and conglomerate. Beyond here mad traverses Moen- 
kopi Fornation. 

Begin descending hill, passing outcrops of Kaibab Limestone 
Of Permian age. 

Pass through La Vcridn, continuing mthwari on Utah 9. 
Read follows Hurricane fault for 2 miles from here to HI&- 
cane. 

Rubin and Hunter 



Ontcmps of Moenkopi Formation SEW axis of Virgin anti- 
dine. 

Intersection of Utah 9 and Interstate 15. Turn left (south) on 
interstate 15. 

Take exit &om laemate 15 to Utah 18, passing teoatfr S t  
George and continuing northward toward Snow Canyon State 
Pait. 

ALTERNATE STOP 8A. Turn right on mad into Winchester 
Hills subdivision. Continue 1.2 miles and paric. along mad. 
View transverse cross section of large-scale tmugb crossbed- 
ding in upper pan of Navajo Sandstone. The Bough-shaped . 
sets were produced by scour pita that migrated out of the 
plane of the outcrop. Dune geometry is inferred to have been 
similartotatshowninrow3ofHgure7. ItetuintoUtah 
18. 

Turn right (or continue northward) on Utah 18 

STOP 8. Intersection of Utah 18 and mad through Snow 
Canyon State Pait. Note unusually large scale of crossbed- 
ding In upper Navajo Sandstone east of Utah IS, and note 
Quaternary basalt flows. Turn left onto mad through park. 

STOP 9. Large-scale scalloped crossbedding In. Navajo 
Sandstone (visible toward wea). S m c m  is shown in Hg- 
me 11. Continue south along road through park 

Relatively Ihto sets of crossbeds in lower pÃ§ of Navajo 
Sandstone. 

STOP 10. InBrtKdded flat-bedded sandstone and crossbed- 
ded sandstone SEW base of Navajo Sandstone. These beds 
record the transition from subaqueous deposition in the Kay- 
ema Formation to the eolian deposition in the Navajo Sand- 
stone. Note several structures that am inferred to have been 
produced by the wetness of the sediment: d e f o d o n a l  sttuc- 
tuns, crinkly lamination, and nodular appearance of beading. 
Park along road and walk east to east wall of canyon. Return 
to vehicle and continue on mad through pait. 

Turn left at town Of 1vlns. 

Turn left (east) on old US. 91 toward St. George. 

Rejoin Utah 18 at outskirts of St. George. End of mad log. 
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