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ABSTRACT 

Interference ripple marks form during" floods along many ephemeral streams. Cuspate (Iinguoid) ripples 
form first when flood water in the channel i~ deep enough to flow over marginal and channel sand bars. As 
the water level falls, downstream currents are refracted shoreward over the marginal sand bars and linear 
ripple sets are formed on the tops and flanks of the bars. The linear ripples are oriented at right angles to 
the cuspate ripples and commonly form interference sets with them. Refracted waves and changing water 
level over the irregular bottom can complicate further the patterns of asymmetric ripple marks and other 
directional structures. 

On the basis of study of modern ephemeral streams, we conclude that paleocurrent patterns of fluvial de- 
posits are probably more complex than has been generally recognized. Still, the distribution of directional 
structures in modern streams is. in general, ~mimodal and the dominant inclinations of foreset laminae are 
downstream. 

INTRODUCTION 

Ephemeral  streams in semi-arid and arid re- 
gions are natural  flumes in which a variety of 
fluvial sedimentary s tructures are formed 
(High  and Picard, 1968: Pieard and High, 
1969). Each flood is a separate "exper iment"  
and for each flood significant variables can be 
measured or estimated. By invest igat ing streams 
of diverse characteristics,  some control and *m- 
ders tanding of the variables is possible. 

In te r ference  ripple marks are common sedi- 
mentary  s tructures in many rock sequences. 
Tha t  the two ripple sets record more than one 
paleocurrent  direction is apparent.  The mechan- 
ics of formation of in terference ripple marks is 
less clear, however. In particular,  do interference 
ripple marks record a one-stage or a two-stage 
event ? \ V e r e  both sets formed nearly simultane- 
ously by a single process, or are the separate 
ripple sets essentially unrelated? Finally, of 
what  interpret ive significance are interference 
ripple marks ? 

RECENT OCCURRENCES 

The interference ripple marks described here 
were noted first on sand bars in AshIey Creek, 
n . r t h  of Vernal,  Utah,  in nor theas tern  Utah.  
We have since found interference ripple marks 
of the same type in other ephemeral streams in 
the Uinta  Basin, indicating that  they are more 
than a local feature. Quite similar in terference 
ripple marks also are present  in the Green River  
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Format ion (Eocene)  of the southeastern Uin ta  
Basin, Utah.  

Although Ashley Creek is a permanent  
stream, the section near Vernal  is ephemeral in- 
asmuch as most of the flow is diverted for  irri- 
iaation. Significant flow is at tained only dur ing 
flood and near-flood stages. For  much of its 
length, the bed of Ashley Creek has been 
modified for flood control. Gravel  in the stream 
bed has been pushed to the sides to form levees 
and to protect the banks. However ,  in wider 
reaches, the stream has  re-established its 
braided pat tern and has constructed sand and 
gravel hars that  are undisturhed and reflect sed- 
imentary  processes dur ing  br ief  periods of flow. 

In sandy areas composed of medinm and 
coarse sand-size material ,  enspate ( l inguoid)  
ripple marks  are the dominant  s t ructure  (fig. 
1). Commonly, the areas between and along the 
flanks of sand bars are covered with euspate 
ripples. The  tops of bars are less commonly rip- 
pled. In general,  the cuspate rippIes are asym- 
metric downstream, al though where currents  
are refracted around bars other  orientat ions of 
asymmetric ripple marks are present. Despite 
anomalous current  directions, the cuspate ripple 
marks approximate  the ideal unlmodali ty of 
fluvial current  patterns. 

Younger  sets of l inear ripple marks also are 
formed on the sand bars. These ripples are 
characterized by long subparallel crests and 
differ markedly from the enspate ripples. The  
younger sets of ripples are restricted to the 
crests and upper flanks of bars. Where  gnspate 
and l inear sets are both present, in ter ference 
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sets are found. Generally, the younger sets are 
confined mainly to the troughs of the larger  
cuspate ripples (fig. 2), but some sets continue 
across the crests of cuspate ripples (fig. 3).  
These smaller sets of l inear ripples originate 
later than the cuspate ripples. 

In contrast  to the cuspate ripple marks, the 
l inear ripples are oriented with their  crests par- 
allel with the banks. The steep faces of l inear 
ripples are shoreward and foreset laminae are 
inclined shoreward. These relationships are true 
both for in terference sets on bar flanks and for 
extensive sets of l inear ripples that  are devel- 
oped on bar crests. 

D E S C R I P T I O N  OF R I P P L E  M A R K S  

Table I compares the morphology of the cus- 
pate and l inear ripple marks. The l inear  ripples 
are smaller and are more symmetrical than the 
cuspate ripples. It is also apparent  that  the mor- 
phology of the l inear ripples is more uni form 
than that  of the cuspate ripples. 

In size and shape, the cnspate ripples are sim- 
ilar to those ripples that  commonly arc found 
along stream beds in arid and semi arid regions. 
In plan view, the ripples are discontinuous, dou- 
bly-plunging, and strongly curved. The curva- 
ture of the crests is concave downstream. The  
internal  s t ructure of the euspate ripples is ob- 
scured frequently hv a lack of sediment dif- 
ferentiation, but foreset lamiuae can be seen. 
The cuspate ripples described here commonly 
are called "current  ripples." Al though these rip- 
ple marks are the result of current  flow, we pre- 
fer the descriptive name euspate. Var ious  kinds 
of currents  can produce ripple marks that  differ 
in morphologic characteristics.  

In addition to their  dimensions and symmetry, 

FIG. 2.--Interference ripple marks formed by ens- 
pate and linear ripples. Linear ripples are largely 
confined to troughs of cuspate ripples. Dominant 
downstream current from top to bottom of picture. 
Refracted current from left to right. Quarter for 
scale. 

the two ripple sets differ markedly in general  
appearance. The crests of the cnspate ripples 
are curved and discontinuous;  those of the lin- 
ear ripples are parallel and snbparallcl and are 
continuous. The internal  s t ructure  of the linear 
ripples is well-developed, and in places concen- 
t ra t ions  of organic mat ter  define the lamination. 
Al though they are nearly symmetrical in ripple 
form, the l inear ripples possess definite foresets 
tha t  are inclined shoreward. The l inear  ripples 
belong to a morphological class generally 
termed "wave ripples." This genetic terminol- 
ogy is inappropriate,  however, which was noted 
long ago (Evans ,  1941 and 1949; van Straaten,  
1953 and 1954). As we have discussed in more 
detail elsewhere (Pieard,  1967 a,b; Picard  and 
High, 1968, p. 417), wave ripples encompass at 
least two different types;  ripple forms produced 
hy oscillatory waves and ripple forms produced 

FIa. 1.--Cuspate ripple marks in channel-bar com- 
plex. Ripple marks cover channel bottom and flanks 
of bars marginal to the channel. Bar in middleground 
is lower than marginal bars (foreground and back- 
ground) and is cm'ered hy ripple marks. Current 
from right to ]eft. 

FIG. &--Interference ripple marks. Linear ripples 
locally override cuspate ripples. Dominant down- 
stream current from left to right. Refracted current 
from bottom to top. Quarter for scale. 
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TABLE 1.--Cuspate and linear ripple marks, Ashley Creek, Vernal, Utah. (15 measurements) 

Cuspate Linear 

Stan- Stan- 
dard Range Mean dard 

Mean Devia- Devia- 
tion tion 

Range 

Length 17.3 cm 
Height 1.8 cm 
Ripple Index 10.0 
Ripple Symmetry Index 4.1 

3.8 9'.0 to 24.0 2.0 cm 0.1 1.7 to 2.4 
0.3 1.5 to 2.5 0.48 cm 0.05 0.40 to 0.55 
2.7 4.5 to 17.7 4.3 0.7 3.4 to 5.2 
1.2 2.2 to 7.5 1.6 0.25 1 . 1 t o 2 . 1  

by t ransla tory waves. To lump the two types un- 
der one term is to ignore basic differences. 
Thus, we prefer  the descriptive terms. 

The  means of the ripple index ( l eng th /  
height)  and the ripple symmetry index ( t rough-  
to-cres t /c res t - to- t rough)  of the cuspate ripple 
marks (table 1) plot in the field of "cur ren t"  
ripples of a chart  prepared by Tanne r  (1967, p. 
97). "['he means of the same two ratios of the 
l inear ripple marks  occur in the "wave"  ripple 
field (ff Tanner ' s  chart .  On the basis of several 
parameters,  Tanne r  (1967) believes that  he can 
distinguish wave, current,  wind, and swash rip- 
ple marks in Recent settings. As just  noted, we 
believe at this time that  genetic classification is 
prematnre.  

F O R M A T I O N  OF  R I P P L E  M A R K S  

The in terference ripple marks were noted 
first a f te r  a flood in ?,lay 1969. Subsequently, 
the formation of similar ripples was observed 
dur ing several floods in June 1969. No sig- 
nificant differences were noted between the rip- 
ples formed hy different floods. 

Cuspate ripple marks are formed by unidirec- 
tional currents  within the channel. Dur ing 
floods, sediment is t ransported and at the appro- 
priate flow conditions, ripples form in the sandy 
areas. The ra ther  wide range in size and shape 
of individual ripple marks is the result of vary- 
ing flow conditions that  prevail at different 
times durin~ the flood and at different sites 
xvithill the channel-bar  complex. 

Most t racts  of cuspate ripple marks observed 
at : \shley Creek probahly are h igh-energy cur- 
rent  ripples (Harms,  1969, p. 365 ; also, see plate 
2). Cuspate forms were more ahlmdant,  how- 
ever, than Harms  illustrates (1969. plate 2) or 
than he implies is characteristic.  Small dunes, 
which form at higher  energies (Harms ,  1969, p. 
366: Simons and others, 1965), were not noted 
where the interference ripple marks  had 
formed. The cuspate ripples were formed in the 
lower part  of the lower-flow regime (~.imons 
and others, 1965: trrarms and Fahnestock, 1965; 
Harms,  1969) and are indicative of relatively 

low hydraulic energy and slow t ranspor t  of 
sand, 

The formation of the l inear  ripple marks 
(wave ripples of Harms,  1969) was more com- 
plex than that  of the cnspate ripple marks. Near  
the marginal  sand bars the dominant  down- 
stream waves were refracted shoreward (fig. 
4),  and at shallow depths (generally less than 
two inches of water )  the refracted waves pro- 
duced the l inear ripples in the lower part  of the 
lower-flow regime. Extensive sets of l inear  rip- 
ples formed on areas, such as crests of bars, 

Fro. 4.--Refracted waves and resulting linear 
ripple marks on bar crest. View toward center of 
stream. Dominant current from right to left. Re- 
fracted current from top to bottom. Nrote euspate 
ripples on flanks of bar. 
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that  were too shallow for the formation of fur-  
ther  cuspate ripples af ter  the flood began to re- 
cede. In te r ference  sets also formed on bar  
flanks during recession of the flood. The cuspate 
ripples were formed first, when water  in the  
channel was deep enough to mainta in  down- 
stream flow over marginal  and channel sand 
bars. As the water  level fell, bar flanks were 
progressively exposed to refracted wave pat- 
terns. W a t e r  velocities, therefore,  were much 
less dur ing formation of the l inear  ripples than 
during formation of the euspate ripples. 

Cnspate ripples can be partially reworked or, 
in the case of Ashley Creek, finer sediment can 
be deposited in the euspate t roughs and rippled. 
Because the direction of the refracted waves 
changed as the water  level fell in the i r regular  
channel of Ashley Creek, separate sets of l inear  
ripple marks were not parallel. Nevertheless,  
the steep faces of l inear ripples were generally 
shoreward for bars on the channel margin  and 
toward the middle of bars within the channel. 

Other  ripple orientat ions also are present in 
ephemeral streams. : \ t  one locality, we observed 
five separate wave sets:  initial downstream, re- 
fracted onshore (oubank) ,  reflected offshore, 
and refracted downstream and upstream (long- 
shore currents  of refracted obliqne wave sets).  
Sul~seqnent studies by Picard of o ther  ephem- 
eral streams indicate that  ripple marks are 
formed by the reflected offshore and the re- 

fracted downstream and upstream wave sets but 
they are rare compared with initial downstream 
and general ly onshore ripple marks.  

The in terference ripple marks described here 
are  the result  of only one of the possible mecha- 
nisms of formation. In addition to i l lustrat ing 
the formation of this par t icular  structure, this 
paper is intended to call a t tent ion to the com- 
plex current  pat terns  tha t  exist in ephemeral 
streams and the different orientat ions of asym- 
metric ripple marks  tha t  are formed. An under- 
s tanding of these relationships will be useful in 
in terpre t ing paleocnrrent  pat terns  of fluvial de- 
posits. 
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