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SEDIMENTOLOGY OF THE MESAVERDE FORMATION AT RIFLE GAP, COLORADO 
AND IMPLICATIONS FOR GAS-BEARING INTERVALS I N  THE SUBSURFACE 

I n t r o d u c t i o n  

The Mesaverde Formation i n  t h e  Piceance Creek b a s i n  i s  a u n i t  of 

nonmarine sands tones ,  mudstones, and c o a l s ,  e s t ima ted  t o  c o n t a i n  some 

40 t r i l l i o n  cub ic  f e e t  of gas i n  low-permeability, l e n t i c u l a r  r e s e r v o i r s .  

The Department of Energy's Western Gas Sands P r o j e c t  Multi-Well Experiment 

(MWX, Atkinson e t  a l ,  1981) is involved i n  developing and improving tech-  

no log ie s  f o r  producing t h e  gas from t h i s  t ype  of r e s e r v o i r  i n  t h e  P iceance  

Creek bas in .  This  s tudy  of t h e  sedimentology of t h e  Mesaverde Formation 

i s  p a r t  of t h e  MWX. It i s  p r i m a r i l y  a s tudy  of Mesaverde outcrops  as nea r  

as p o s s i b l e  t o  t h e  MWX s i t e ,  s o  t h a t  i n t e r p r e t a t i o n s  a t  t h e  s u r f a c e  may be 

e x t r a p o l a t e d  i n t o  t h e  subsu r face  a t  t h e  MWX s i t e  and used t o  c h a r a c t e r i z e  

t h e  sands tone  r e s e r v o i r s .  

Mesaverde outcrops  were s t u d i e d  and measured a t  and nea r  R i f l e  Gap 

du r ing  t h e  summer of 1981, and t h e  p re l imina ry  sed imento logic  i n t e r p r e t a -  

t i o n  ( p r i o r  t o  s tudy  of MWX c o r e s )  are set ou t  i n  t h i s  r e p o r t .  

road l o g  of R i f l e  Gap has  been inco rpora t ed  i n t o  t h e  t e x t  i n  o r d e r  t o  

f a c i l i t a t e  v i s u a l i z a t i o n  of t h e  types  of rocks  d r i l l e d  through and t e s t e d  

i n  t h e  MWX. 

A geo log ic  

Paleogeographic S e t t i n g  

During most of Cretaceous t i m e ,  from about 135 t o  65 m i l l i o n  y e a r s  

ago, much of North America between t h e  Rocky Mountains and t h e  M i s s i s s i p p i  

River  w a s  a sha l low i n t e r i o r  seaway. L i t t l e  i s  known about t h e  e a s t e r n  

sho re  of t h i s  seaway, bu t  on i t s  wes tern  edge a c t i v e  mountain b u i l d i n g  took 

place i n  t h e  Rocky Mountain area. The abundant sediments eroded from t h e s e  
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mountains, and also derived from contemporaneous volcanic activity, were 

transported east t o  form a coastal plain on the edge of the seaway (Fig. 1). 

Subsidence of the earth's surface below the coastal plain accommodated the 

deposition of up to 7300 m (23,000 ft) of sediments (Reeside, 1944) along 

the Rocky Mountain front in the United States. 

plain and the position of the western shoreline of the seaway varied 

according t o  the position and rate of influx of sediments from the mountains, 

and according to the variation of eustatic sea level (Hancock and Kauffman, 

1979). 

the seaway. 

The width of the coastal 

These controls produced relative transgressions and regressions of 

During most of Late Cretaceous time, northwestern Colorado was part 

of the interior seaway. The marine Mancos Shale was deposited i n  this seaway. 

About 76 million years ago, the next to last regression of the seaway began. 

As the shoreline prograded erratically to the southeast across northwestern 

Colorado, it left behind the shallow-marine to shoreface blanket deposits 

presently known as the Castlegate, Sego, Corcoran, Cozzette, and Rollins 

(also called the Trout Creek) Sandstones. 

Behind these sandstones, the coals, mudstones, and sandstones of the 

paludal (lower) part of the Mesaverde Formation were deposited in swamp, 

lacustrine, and fluvial distributary channels. The erratic regression is 

recorded by the repetitive/cyclic nature of the shoreline and lower paludal 

deposits, which are interbedded with tongues of marine Mancos Shale deposited 

d,uring temporary returns of the seaway. 

With continued progradation of the coastal plain, the sites of paludal 

deposition moved eastward, and the marine deposits in northwestern Colorado 

were buried by the deposits of the succeeding fluvial environment. Fluvial 
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Figure  1. General ized paleogeography of t h e  c e n t r a l  Rocky Mountain reg ion  du r ing  
L a t e  Cretaceous t i m e  ( a f t e r  Mallory e t  a l ,  1972). 
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sandstones and mudstones accumulated on the coastal plain of the upper 

Mesaverde Formation of northwestern Colorado, until the last transgressive 

episode of the Cretaceous, approximately 72 million years ago. At this 

time, shoreline sandstones and marine shales (the Lewis Shale) were again 

deposited in the area, only to be replaced in turn by the coastal plain 

deposits of the final Cretaceous regression. 

During deposition of the Mesaverde Formation, the initial phases of the 

Laramide orogeny were under way. This tectonic event readjusted the posi- 

tions of various blocks of the earth's crust in western North America, 

causing both uplift and subsidence. It was responsible for the eventual 

structural isolation of the Piceance Creek basin, and probably the eastward 

thickening of the Mesaverde Formation. During deposition of the upper 

parts of the Mesaverde Formation in the Piceance Creek basin, the Sawatch 

Mountains, and probably the Uncompahgre uplift (Fig. 2) were elevated 

(Tweto, 1980). 

These uplifts caused local reorientations of Mesaverde drainage, and 

created new sources of sediment. They also caused local erosion of previ- 

ously deposited sediments. In the eastern Piceance Creek basin, sediments 

which form the Ohio Creek Conglomerate (the top member of the Mesaverde 

Formation, Johnson and May, 1980), and the overlying Wasatch Formation, 

were derived from these uplifts. The uplifts also caused the erosional 

surface overlying the Ohio Creek Conglomerate, where the Lewis Shale may 

once have existed. The eventual uplift of the White River plateau tilted 

the rocks along the Grand Hogback. This and minor arching to the north 

and west of the basin resulted in the enclosed basin of internal drainage 

in which the lacustrine "oil shales" of the Green River Formation were 
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Figure 2. Generalized tectonic framework of northwestern Colorado during 1,ate 
Cretaceous time. 
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deposited. Figure 3 summarizes the stratigraphy and timing of events in 

northwestern Colorado. 

The Mesaverde Formation at Rifle Gap 

Introduction 

The entire Mesaverde Formation is exposed on Route 325, about 10 km 

(6 miles) north of the town of Rifle. Here Rifle Creek cuts through the 

Grand Hogback to form Rifle Gap. The outcrop is located at the central 

part of the eastern edge of the basin. This is the closest outcrop, with 

reasonable exposures, to the MWX site, which is about 12 miles to the 

southwest. Mesaverde rocks in this outcrop dip at about 80" towards the 

south-southwest. Because of this, the terms "above" and "below" in this 

report refer to stratigraphic position of the rocks, "up" being to the 

south, or towards the youngest beds in the section. 

irrigation aquaduct can be seen on the eastern side of the gap. 

The remains of an 

Anchoring 

blocks for the Rifle Gap curtain are present on bo;h sides of the gap, 

about a third of the way up the hill slope, near the top of the Mesaverde 

section (at the southern end of the gap). To the north of the Grand Hogback, 

a broad valley is formed in the soft Mancos Shale between the hogback and 

the erosion-resistant rocks in the White River uplift to the north. 

Figure 4 is derived from the Rifle, Rifle Falls, Silt, and Horse 

Mountain topographic maps; modifications have been made to update and 

simplify the maps. The Mesaverde sand bodies which crop out have been 

marked and numbered for reference purposes in following this guide. Some, 

but not all, of them can be correlated across the gap. Figure 5 is a 

simplified measured section through 1650 m (5000 ft) of the Mesaverde 

Formation and related rocks, which puts the different lithologies and 
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Figure 4 .  Topographic nap and outcrop  p a t t e r n  of Mesaverde rocks i n  R i f l e  Gap. 
Corcoran, l e n s  16 ;  Cozze t t e ,  l e n s e s  36 and 15; R o l l i n s ,  l e n s e s  35 and 
pa luda l  l e n s e s  11-13 and 29 t o  35; f l u v i a l ,  l e n s e s  4 t o  10, and 1 7  t o  28;  
marine, lenses 1 to 3; Ohio Creek, l e n s  1. 
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sands tone  bodies i n t o  v e r t i c a l  pe r spec t ive .  Many of t h e  mudstone i n t e r v a l s  

are i n f e r r e d  (be ing  covered) ,  and most of t h e  smaller sands tones  are not  

l a t e r a l l y  p e r s i s t e n t .  

Shore l ine  Blanket Sandstones 

The f i r s t  sugges t ion  of a r e g r e s s i v e  ep i sode  a t  R i f l e  Gap is  found i n  

t h e  Mancos Shale ,  where Warner (1964) has  i n f e r r e d  t h a t  a series of amalga- 

mated, t h i n  sands tones  is t h e  d i s t a l ,  o f f s h o r e  e q u i v a l e n t  t o  t h e  Sego 

s h o r e l i n e  sands tone  which i s  recognized on t h e  wes tern  edge of t h e  bas in .  

A t  R i f l e  Gap, t h e  i n f e r r e d  o f f s h o r e  e q u i v a l e n t s  t o  t h e  Sego member is  ex- 

posed i n  t h e  road c u t  a long  the n o r t h e r n  edge of t h e  hogback, about 400 m 

(1200 f t )  northwest of t h e  R i f l e  Gap Rese rvo i r  dam. The Sego equ iva len t  

i s  o v e r l a i n  by a tongue of the Mancos Shale.  

The Corcoran Sandstone member i s  t h e  f i r s t  of t h e  b lanket  s h o r e l i n e  

sands tones  which can be unmistakably i d e n t i f i e d .  It a l s o  can be found i n  

t h e  road c u t  about 200 m (600 f t )  northwest of t h e  dam. A t  R i f l e  Gap i t  

i s  composed of s e v e r a l  sands tones  in te rbedded  w i t h  c o a l s  and s h a l e s ,  and 

i s  o v e r l a i n  by marine s h a l e s .  

The Cozze t t e  Sandstone member i s  a l s o  a composite b l anke t  sands tone  

w i t h  a s s o c i a t e d  s h a l e s  and t h i n  c o a l s ,  and is  w e l l  exposed i n  t h e  road c u t  

a t  t h e  wes te rn  end of t h e  dam. A t h i c k  oys te r -bear ing  bed a t  t h e  t o p  of 

t h e  Cozze t t e  sugges t s  t h a t  i t  may have been p a r t  of an  o f f s h o r e  b a r r i e r  

i s l a n d  system. The b rack i sh  waters of t h e  p r o t e c t e d  lagoon would have sup- 

po r t ed  t h e  p r o l i f i c  o y s t e r  popu la t ion  i n d i c a t e d  by t h e  t h i c k  s h e l l  bed. 

The l a s t  major tongue of t h e  Mancos o v e r l i e s  i t ,  and forms a small  v a l l e y  

because of i ts l a c k  of r e s i s t a n c e  t o  e ros ion .  
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The Rollins sandstone member is the thickest of the shoreline blanket 

sandstones at Rifle Gap, being about 40 m (120 ft) thick. It is the last of 

the named shoreline sandstones, although another occurs about 100 m (300 ft) 

above it. The Rollins crops out as a white sandstone in the road cut at 

the first bend to the left in the road downstream from the dam, about 30 m 

(90 ft) up the road from mile marker 4 .  

These blanket sandstones were formed in wave-dominated shoreline/delta 

depositional systems. The structures of these systems at Rifle Gap are 

best exposed in the Rollins and Cozzette Sandstones. Below the shoreline 

sandstones, transition zones of thin, alternating sands and shales can be 

seen. This facies is well exposed opposite the dirt turnout just beyond 

the east end of the dam, below the Corcoran sandstone. The tracks and 

trails of marine worms can be seen on the bedding surfaces of many of the 

rippled sands, and sang-filled burrows sometimes weather out of the shales. 

The thin sands are turbidity-flow deposits of sands derived from the shore- 

face, probably during storms (Howard and Reineck, 1981). The intervening 

shales were deposited as clays settled out of suspension during times of 

quieter water. 

The sandstones get thicker and become amalgamated as they get closer 

to and grade into, the base of the blanket sandstones. The absence of 

shales indicates that sedimentation was taking place above storm-surge 

wave base. Waves from repeated storms removed clays deposited between 

storms, and reworked the shallow marine sand deposits into "hummocky cross- 

stratification" (Fig. 6 ) .  This type of stratification, composed of 

undulating but parallel thin beds of sand over a sharp erosional base, is 

diagnostic of shallow marine environments (Harms et al, 1975). 



UPPER PART OF 

S A N DST.ON E 
ROLLINS 

L I THOLOGY IN TERPRETATION 

c ov er ed/o bscured 

carbonate nodule 
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Figure  6. Measured s e c t i o n  through upper p a r t  of t h e  R o l l i n s  sands tone  along t h e  
road cu t  a t  K i f l e  Gap ( l i t h o l o g i c  key f o r  t h i s  and fo l lowing  s e c t i o n s ) .  
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Within t h e  b lanket  sands tones ,  Ophiomorpha (Fig.  7 ) ,  t h e  f o s s i l  burrows 

of marine c rus t aceans ,  and fragments of t h e  s h e l l s  of t h e  marine b iva lves  

Inoceramus (Fig.  8) are common. Near t h e  top  of t h e  R o l l i n s ,  t h e  hummocky 

c r o s s - s t r a t i f i c a t i o n  and crossbedding of o f f s h o r e  ba r s  g i v e  way t o  t h e  very 

low ang le  crossbedding i n d i c a t i v e  of t h e  swash a c t i o n  of t h e  upper sho re face  

(beach).  

This  i n t e r v a l  of t h e  Mesaverde Formation from t h e  Corcoran t o  t h e  

R o l l i n s  has  been c a l l e d  t h e  I les  Formation by Hancock ( 1 9 2 5 ) .  

pa luda l  and f l u v i a l  l i t h o l o g i e s  he c a l l e d  t h e  Williams Fork Formation. 

Th i s  nomenclature is  n o t  i n  u n i v e r s a l  usage throughout t h e  bas in .  

The ove r ly ing  

The Pa luda l  Zone 

With t h e  continued r e g r e s s i o n  of t h e  i n t e r i o r  seaway, t h e  R i f l e  Gap 

area e v e n t u a l l y  became a marshy ( b r a c k i s h )  t o  swampy ( f r e s h  wa te r )  lower 

d e l t a  p l a i n .  Coals,  carbonaceous mudstones, and d i s t r i b u t a r y  channel 

sands tones  were depos i t ed  i n  t h i s  environment. A continued marine i n f l u e n c e  

i s  demonstrated by t h e  i n f r e q u e n t  presence  of o y s t e r  f o s s i l s  and s i d e r i t e  

nodules ,  bo th  of which are found i n  b rack i sh  water environments. The 

coastal plain did not  prograde much far ther  east than  t h e  Grand Hogback, 

s i n c e  t h e  few d e p o s i t s  of e q u i v a l e n t  age p r e s e n t  t o  t h e  east are of e n t i r e l y  

marine o r i g i n .  

Thick c o a l s  were depos i t ed  i n  t h i s  p a l u d a l  s e t t i n g ,  and are s t i l l  

mined a long  t h e  Grand Hogback. Most of t h e s e  c o a l s  have been burned and 

reduced t o  c l i n k e r  where they crop o u t ,  t h e  f i r e s  having been s t a r t e d  by 

l i g h t n i n g ,  man, o r  spontaneous combustion. Some seams are s t i l l  burn ing ,  

and one peak of t h e  hogback n ine  miles t o  t h e  east  of R i f l e  Gap i s  c a l l e d  

Burning Mountain. The hea t  from t h e  burning c o a l  has  ox id i zed  most of t h e  

1 9  



Figure 7. Photograph of fossil Ophiomorpha burrow In shallow marinelshoreline sand- 
stones, lower Mesaverde Formation, Rifle Gap. 
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Figure 8. Photograph of fragments of Inoceramus shell in the Rollins sandstone, 
Rifle Gap. 
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i r o n  i n  t h e s e  d e p o s i t s  a t  t h e  outcrop ,  and thus  most of t h e  pa luda l  s e c t i o n  

has  a d i s t i n c t i v e  r edd i sh  c o l o r  a long  the Grand Hogback. Horn and Gere 

(1954) have measured 19  i n d i v i d u a l  c o a l  seams i n  t h e  pa luda l  zone i n  t h e  

immediate R i f l e  Gap area, two of them almost 3.5 m ( 1 1  f t )  t h i ck .  

The roadcut w e s t  of t h e  dam provides  t h e  b e s t  exposures of t h e  lower 

120 m (360 f t )  of t h e  pa luda l  depos i t s .  The 20 m (60 f t )  of c o a l s ,  r i p p l e d  

f ine -g ra ined  sands tones ,  and burrowed s h a l e s  above t h e  R o l l i n s  Sandstone 

r e p r e s e n t s  t h e  i n f i l l i n g  of a brackish-water marshy environment. A t h i n  

(30 c m / l  f o o t ) ,  wh i t e ,  b e n t o n i t e  c l a y  ( a l t e r e d  vo lcan ic  a s h )  i s  l o c a t e d  

very nea r  t h e  t o p  of t h i s  i n t e r v a l .  

The overlying 20 m (60 f t )  of s ec t ion  is  primarily composed of th in  

r i p p l e d  sands tone  beds which probably r e p r e s e n t  overbank s p l a y  and l evee  

d e p o s i t s  from a n  a d j a c e n t  d i s t r i b u t a r y  channel. It i s  covered by a spec-  

t a c u l a r  5 m (15 f t )  seam of c l i n k e r .  

t h e  v a l l e y  has  a 13 m ( 4 0  f t )  t h i c k  c h a n n e l - f i l l  sands tone  nea r  t h e  base. 

( A  small f a u l t ,  probably formed dur ing  u p l i f t  of t h e  hogback, occurs  i n  

t h e  roadcut  about 5 m (15 f t )  down t h e  road from mile marker 4 . )  Above 

i t  is a muddy i n t e r v a l  which probably r e p r e s e n t s  t h e  i n f i l l i n g  of a l o c a l  

l a k e  (Fig. 9). The f o u r  t h i n  sands tones  which i n t e r r u p t e d  t h e  muddy deposi-  

t i o n  have very i r r e g u l a r  " b a l l  and p i l l ow"  s t r u c t u r e s  on t h e i r  bases ,  

sugges t ing  t h a t  t h e  muds were s o f t  and soupy a t  t h e  t i m e  of sandstone 

d e p o s i t  ion.  

The next  35 m (105 f t )  upsection/down 

The succeeding 27 m (80 f t )  are more sands tones  and mudstones depos i t ed  

i n  swamp, l evee ,  and l a c u s t r i n e  environments. Near t h e  t o p ,  a series of 

t h i n  in te rbedded  s h a l e s  and r i p p l e d  sands sugges t  a d i s t a l  l evee  d e p o s i t  

(Fig.  l o ) .  F o s s i l  r o o t s  i n d i c a t e  p l a n t  growth du r ing  suba rea1  exposure. 
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Figure  10. Measured s e c t i o n  through levee and s h o r e l i n e  d e p o s i t s  of tkf? 
pal l idal  zone of t h e  Elesaverde Formation; road c u t  a t  R i f l e  Gap 
( s e e  Fig.  6 f o r  key). 
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It is a b r u p t l y  o v e r l a i n  by t h e  l a s t  of t h e  s h o r e l i n e l b l a n k e t  sands tones ,  

about 1 4  m ( 4 2  f t )  t h i c k ,  which i s  l o c a t e d  j u s t  below a v a l l e y  of obscure  

depos i t s .  

The remainder of t h e  p a l u d a l  i n t e r v a l  i s  obscure. Based on t h e  presence  

of r ed  ou tc rops ,  t o t a l  t h i ckness  of t h e  pa luda l  zone i s  about 310 m (890 f t )  

ending i n  t h e  v i c i n i t y  of l e n s e s  28, 2 9 ,  where t h e  te lephone  wires come down 

of f  t h e  h i l l s i d e  onto  t h e  v a l l e y  f l o o r .  The coa l -bear ing  i n t e r v a l  probably 

ex tends  f u r t h e r  upsec t ion ,  bu t  t h e  c o a l s  become t h i n n e r  and less pure  w i t h  t h e  

t r a n s i t i o n  i n t o  t h e  upper d e l t a  p l a i n  ( p u r e l y  f l u v i a l  c o a s t a l  p l a i n )  environ- 

ment, and are covered and unburned. Horn and Gere (1954) n o t e  c o a l s  occur r ing  

up t o  350 m (1060 f t )  above t h e  R o l l i n s  ( s e e  Fig.  5 ) .  

Lens group 2 4 / 2 5  ( l o c a t e d  j u s t  west of a sha rp  bend t o  t h e  east i n  t h e  

r o a d ) ,  i s  w i t h i n  the t r a n s i t i o n a l  zone, and i s  l o c a t e d  i n  the lower p a r t  of a 

gas-bearing i n t e r v a l  i n  t h e  Mesaverde Formation of t h e  Rul i son  gas f i e l d  

(which sur rounds  t h e  MWX s i t e ) .  I n  outcrop  on t h e  wes te rn  s l o p e  of R i f l e  Gap 

(Fig. 111, t h i s  group of sands tone  bodies shows a v a r i e t y  of morphologies i n  

two dimensions. 

t a l u s  cover ,  and i t  has no t  been p o s s i b l e  t o  measure crossbedding t o  determine 

pa leof low d i r e c t i o n s  w i t h i n  them. As a r u l e ,  t h e  sands tones  have i r r e g u l a r  

The sands tones  are o f t e n  obscured by l i c h e n  growth and/or  

e r o s i o n a l  bases.  Thei r  edges,  where v i s i b l e ,  f i n g e r  o u t  i n t o  t h e  a d j a c e n t  

mudstones and l evee  depos i t s .  

rare exposures of t h e  mudstones, sugges t ing  b rack i sh  water w a s  s t i l l  p r e s e n t  

from t i m e  t o  t i m e .  

S i d e r i t i c  carbonate  nodules are found i n  t h e  

The F l u v i a l  Zone 

The f l u v i a l  zone ex tends  from t h e  t o p  of t h e  r ed  pa luda l  zone t o  t h e  

base of t h e  marine s e c t i o n ,  and i s  about 780 m (2450 f t )  t h i ck .  It  has 
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i n t e r v a l s  of h igh  percentage  sands tone  a l t e r n a t i n g  wi th  i n t e r v a l s  of h igh  

percentage  sha le .  

zone i n  t h e  Rul i son  f i e l d ,  and i s  of major i n t e r e s t  i n  t h e  MWX. 

The basa l  425 m (1300 f t )  of t h i s  zone is  a gas-bearing 

Sandstone l e n s e s  i n  t h i s  i n t e r v a l  have apparent  widths many t i m e s  t h e i r  

t h i c k n e s s ,  and they  are composed of sediment from m u l t i p l e  ep isodes  of 

depos i t i on .  The t h i c k e s t  sands tone ,  and b e s t  example of t h e  d e p o s i t i o n a l  

environment of t h i s  i n t e r v a l  i s  l e n s  8. Where i t  crops  out  on t h e  wes tern  

s l o p e  of R i f l e  Gap, n e a r l y  oppos i t e  t h e  rest area , l e n s  8 shows a composite 

n a t u r e  of numerous d i s c r e t e  and amalgamated sands tones  concen t r a t ed  a long  one 

ho r i zon  (Fig.  12).  

This  is  i n t e r p r e t e d  as a meander b e l t  hor izon ,  where a f l u v i a l  system 

w a s  i n  r e s idence  f o r  an  extended i n t e r v a l  of t i m e ,  a l lowing  i t  t o  meander 

back and f o r t h ,  and t o  l eave  ex tens ive  sandy d e p o s i t s  similar t o  t h o s e  dep ic t ed  

i n  Fig. 13. Most of t h e  o t h e r  l e n s e s  a t  R i f l e  Gap are products  of less resi- 

dence t i m e ,  and are t h e r e f o r e  more i s o l a t e d  w i t h i n  t h e  overbank mudstones. 

Fig.  1 4  shows a d e t a i l e d  measured s e c t i o n  through a less obscure  p a r t  of 

t h e  sands tone  of l e n s  8. A t  least  e i g h t  d e p o s i t i o n a l  even t s  are rep resen ted  

h e r e ,  where r i p p l e d  zones and s h a l e s  i n d i c a t e  t h e  las t  waning flow of a n  event .  

Fig. 15  i s  a d e t a i l e d  s e c t i o n  through t h e  f ine r -g ra ined  l evee  d e p o s i t s  a d j a c e n t  

t o  t h e  channel sandstones.  Gene ra l ly ,  a fining-upwards couple t  of sands tone  

and s h a l e  are r e p r e s e n t a t i v e  of one overbank f l o o d  event .  Near t h e  downhi l l  

end of l e n s  8 (Fig. 121, a tree t runk  can be found i n  growth p o s i t i o n  i n  t h e  

l e v e e  sediments.  Abundant s o f t  sed iment -deformat ion  i n  t h e  channel s ands ,  

and bedding-plane t r a c k s  and t ra i l s  i n  t h e  overbank muds, i n d i c a t e  a h igh  

water t a b l e  du r ing  depos i t i on .  
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F i g u r e  15. De ta i l ed  sec t ion  through overbank and levee  depos i t s  a s s o c i a t e d  w i t h  l ens  
R i f l e  Gap. (See Fig. 6 f o r  l i t h o l o g i c  key,  Fig.  1 2  f o r  l o c a t i o n . )  



I n  l e n s e s  20 and 2 1 ,  j u s t  above l e n s  8, some of t h e  sedimentary s t r u c -  

t u r e s  which comprise t h e s e  sand bodies  are v i s i b l e .  Fig. 16 shows t h e  l a te ra l  

a c c r e t i o n  po in t  bar  s t r u c t u r e s  i n  t h e  u p h i l l  end of t h e  lower l e n s .  The break 

i n  t h e  upper l e n s  i s  sugges t ive  of t h e  same f e a t u r e ,  which w a s  abandoned, 

f i l l e d  w i t h  mud, and then  r e a c t i v a t e d  a t  a s l i g h t  o f f s e t .  

These f e a t u r e s  are w e l l  d i sp l ayed  i n  l e n s  5 ,  nea r  t h e  top  of t h e  s e c t i o n ,  

on t h e  e a s t e r n  s l o p e  of R i f l e  Gap (Fig.  1 7 ) .  Such f e a t u r e s  ar ise  from p o i n t  

bar  mig ra t ion  on t h e  i n s i d e  of meander bends as i l l u s t r a t e d  i n  Fig.  18. Actua l  

f low of water and sediment w a s  a t  r i g h t  ang le s  t o  t h e  mig ra t ion  of t h e  l a t e r a l  

a c c r e t i o n  s u r f a c e s .  I f  b inocu la r s  are used ,  t h e s e  f e a t u r e s  i n  l e n s  5 may be 

picked ou t  from t h e  road, a t  t h e  p o i n t  where t h e  te lephone  w i r e s  c r o s s  i t .  

They show as a shingled e f f e c t  on the t o p  surface of the sandstone (the surface 

on t h e  l e f t  hand s i d e  of t h e  "channel" between two sand bodies ,  looking  east 

a c r o s s  t h e  r i v e r ) .  

A c o a l  seam 76 c m  (2-1/2 f t )  t h i c k  and of l i m i t e d  e x t e n t  (Horn and Gere, 

1954) has  been mined from c l o s e  below l e n s  5. 

be s e e n  on both s i d e s  of t h e  gap. It is t h e  h i g h e s t  c o a l  i n  t h e  Mesaverde 

Formation a t  R i f l e  Gap, and i s  cons ide rab ly  above t h e  c o a l s  of t h e  p a l u d a l  

zone. 

The t a i l i n g s  from t h e  mines can 

The Marine Zone 

The L e w i s  t r a n s g r e s s i o n  of t h e  i n t e r i o r  seaway depos i t ed  s h o r e l i n e  

b lanket  sands tones  and marine s h a l e s  over  t h e  Mesaverde Formation i n  t h e  

no r the rn  P iceance  Creek basin.  From Meeker s o u t h ,  i n c l u d i n g  R i f l e  Gap, 

d e p o s i t s  of t h i s  t r a n s g r e s s i o n  have no t  been recognized i n  t h e  Piceance 

Creek b a s i n ,  a l though they  are p r e s e n t  i n  many p l a c e s  from A l b e r t a  t o  New 

Mexico. It is  f e l t ,  however, t h a t  t h e  uppermost 100 m (300 f t )  of Mesaverde 
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I c hannel-ma rgin 
coal swamp 

r t g u r e  IC;. ,.le? 0 5  p s : ~ ' -  :-Gar formation and subsequent l a t e ra l  migra t ion  i n  a 
inedndering r i v e r  (adapted  from Miall ,  1979, Fig.  4 ) .  



rocks a t  R i f l e  Gap are remnants of such d e p o s i t s .  The ex tens ive  sands tones  

found i n  t h i s  r e l a t i v e l y  sandy i n t e r v a l  ( l e n s e s  1, 2 ,  and 3 )  are probably 

t r a n s g r e s s i v e  mar ine l shore l ine  sands tones .  

sediments ( s h a l e s ? )  p r i o r  t o  e r o s i o n  and t h e  format ion  of t h e  unconformityl 

f o s s i l  weather ing  p r o f i l e  t h a t  occurs  between t h e  Mesaverde and Wasatch Forma- 

They were o v e r l a i n  by more marine 

t i o n s  (Johnson and May, 1980). 

I n t e r p r e t a t i o n  of t h e s e  sands tones  as marine i s  based i n  p a r t  on t h e  

presence  of Teredos ( f o s s i l  shipworm-type burrows, Fig. 19 )  found i n  t h e  f o s s i l  

wood i n  t h e  sandstones.  None of t h e s e  f o s s i l s  are v i s i b l e  from t h e  road ,  

but e x c e l l e n t  examples can be seen  a t  t h e  base of l e n s  3 i f  t i m e  and 

energy are a v a i l a b l e  f o r  climbing t h e  h i l l s l o p e .  However, l e n s e s  1, 2 ,  

and 3 are on p r i v a t e  l a n d ,  and permiss ion  should  be ob ta ined  be fo re  climbing 

t o  them. (All o t h e r  ou tcrops  desc r ibed  h e r e  are on BLM l and . )  

The r e l a t i v e l y  b l anke t - l i ke  geometry of t h e s e  sands tones ,  and t h e  

dominance of low-angle and some hummocky crossbedding ,  suppor t s  a marine 

o r i g i n ,  as does t h e  r e c e n t l y  d iscovered  presence  of small  amounts of g l a u c o n i t e  

i n  t h e  sands of l e n s  3 ( S t e i n ,  pe r s .  comm., 1981). Glauconi te  i s  an  iron-bear- 

i n g  c l a y  mine ra l  which u s u a l l y  occurs  i n  f e c a l  p e l l e t s  of marine organisms. 

The Ohio Creek conglomerate has been r e c e n t l y  r e i n t e r p r e t e d  t o  be t h e  

Pre-  uppermost member of t h e  Mesaverde Formation (Johnson and May, 1980). 

v ious ly  i t  had been cons idered  t o  be t h e  b a s a l  member of t h e  ove r ly ing  

Wasatch Formation, of Eocene age ,  bu t  t h e  p o l l e n  conten t  of a s s o c i a t e d  

s h a l e s  has proven t o  be of Cretaceous age. 

The Ohio Creek conglomerate i s  exposed h igh  up on t h e  e a s t e r n  s i d e  of 

R i f l e  Gap. Better and more e a s i l y  reached exposures occur i n  t h e  stream bed 
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of North Canyon, a n  i n c i p i e n t  gap i n  t h e  Grand Hogback a m i l e  w e s t  of R i f l e  

Gap. It i s  a c c e s s i b l e  by t h e  d i r t  road t h a t  l e a d s  up t o  t h e  abandoned North 

Canyon c o a l  mine. 

Sediments of t h e  Ohio Creek conglomerate were probably de r ived  from t h e  

Sawatch Mountains, t o  t h e  s o u t h e a s t  (Fig.  2). The outcrop  i n  North Canyon 

sugges t s  i t  w a s  depos i t ed  as a pebbly s h o r e l i n e ,  p a r t  of t h e  marine upper 

Mesaverde Formation. , 

The Wasatch Formation 

The v a r i e g a t e d  mudstones, and conglomera t ic  sands tones  of t h e  Wasatch 

Formation are exposed on t h e  Grand Hogback j u s t  sou th  of t h e  e n t r a n c e  t o  

R i f l e  Gap. These f l u v i a l  d e p o s i t s  c o n t a i n  discrete  len t icu lar  channel sands,  

f o s s i l  s o i l  ho r i zons ,  and mammalian f o s s i l s .  They produce gas i n  t h e  Ru l i son  

f i e l d .  

The R e l a t i o n s h i p  of R i f l e  Gap Outcrops t o  t h e  MWX 

The "nonmarine" p a r t  of t h e  Mesaverde Formation (from t h e  t o p  of t h e  

R o l l i n s  t o  t h e  t o p  of t h e  format ion)  t h i c k e n s  from about 2500 f t  nea r  Debeque, 

i n  t h e  wes tern  p a r t  of t h e  bas in ,  t o  about 4000 f e e t  i n  t h e  subsu r face  n e a r  

R i f l e  Gap i n  t h e  east. Some of t h i s  t h i ckness  v a r i a t i o n  may have been caused 

by e ros ion .  Between t h e s e  extremes nea r  t h e  MWX area, i t  is  about 3500 f t  

t h i c k  (Granica and Johnson, 1980). Horn and Gere (1954) measured t h i s  p a r t  of 

t h e  s e c t i o n  a t  R i f l e  Gap as 3700 f t  t h i c k ,  and remeasurement dur ing  t h i s  s tudy  

i n d i c a t e d  a t h i c k n e s s  of 1195 m (3920 f t ) .  The apparent  t h i n n i n g  of t h e  R i f l e  

Gap s e c t i o n  compared t o  t h e  a d j a c e n t  subsu r face  th i ckness  of 4000 f t ,  may have 

been caused by s t r u c t u r a l  compl ica t ions  du r ing  t h e  ab rup t  u p l i f t  of t h e  

hogback. I f  so ,  most of t h e  deformation probably took place i n  t h e  less compe- 

t e n t  s h a l e s ,  which are obscured a t  R i f l e  Gap. 
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A somewhat t h i c k e r  s e c t i o n  a t  R i f l e  Gap than  a t  MWX probably i m p l i e s  a 

s l i g h t l y  h ighe r  percentage  of c l ays tone  a t  R i f l e  Gap; where t h e  Mesaverde 

i s  only 2500 f t  t h i c k  on t h e  wes tern  edge of t h e  bas in ,  ou tcrops  show a s i g -  

n i f i c a n t l y  h ighe r  percentage  of sandstone. Sandstone beds i n  MWX core  may 

be somewhat t h i c k e r  t han  a t  R i f l e  Gap, fo l lowing  t h e  same g e n e r a l  east-west 

t r e n d s ,  bu t  comparison of sands tone  percentages  and t h i c k n e s s e s  w i l l  be d i f f i -  

c u l t  because of t h e  incomplete exposure i n  t h e  gap. 

The environment of d e p o s i t i o n  changed a c r o s s  t h e  P iceance  Creek bas in  

i n  L a t e  Cretaceous t i m e ,  from bra ided  f l u v i a l  sy:;tems on t h e  w e s t  s i d e  (Young, 

1981, o r a l  communication), t o  predominantly meanliering systems on t h e  e a s t e r n  

edge ( t h i s  s tudy) .  The p o s i t i o n  of MWX c l o s e  t o  t h e  e a s t e r n  exposure sugges t s  

t h a t  i t  i s  most analogous t o  t h e  l a t t e r .  Study of t h e  co re  should confirm o r  

modify t h i s  conclusion. I n  g e n e r a l ,  g r a i n  s i z e  should dec rease ,  and o r g a n i c  

con ten t  should i n c r e a s e  eastward a c r o s s  t h e  basiii as d i s t a n c e  from t h e  

h ighlands  i n c r e a s e s .  

S t u d i e s  of t h e  outcrops  sugges t  t h a t  t h e  f l i i v i a l  sands tone  bodies en- 

countered i n  MWX w i l l  be po in t  bar d e p o s i t s  f o r  t.he most p a r t .  Ca lcu la t ions  

using the point bar deposit dimensions may suggest t h e  s i z e s  of the r ivers  

which depos i t ed  them. Many sand bodies w i l l  be i n t e rconnec ted ;  o t h e r s  w i l l  be 

i s o l a t e d  w i t h i n  t h e  muddy/shaley d e p o s i t s .  

e r r a t i c ,  a r c u a t e  s c r o l l s  of p o i n t  ba r s  i n  a meancering f l u v i a l  system, and 

c o n s i s t e n t  dimensions and o r i e n t a t i o n s  are no t  expected. The l a r g e r - s c a l e ,  

composite, f l u v i a l  meander b e l t s  may t r e n d  g e n e r a l l y  nor thwes t -southeas t  i n  

t h e  lower s e c t i o n s .  However, they may change t o  a more nor theas t - southwes t  

o r i e n t a t i o n  upsec t ion ,  due t o  t h e  changes i n  geography t h a t  accompanied t h e  

l o c a l  Laramide u p l i f t s .  

Sand body shapes w i l l  be t h e  

39 



Continuous sands tone  bodies on t h e  o r d e r  of 200-1000 m (600-3000 f t )  

minimum la te ra l  e x t e n t  are p r e s e n t  a t  R i f l e  Gap. This  sugges ts  t h a t  most 

of t h e  sands tones  encountered i n  MWX-1 w i l l  a l s o  be encountered i n  t h e  MWX-2 

w e l l ,  which i s  o f f s e t  by only  4 1  m (135 f t ) ,  a l though th i cknesses  may vary. 

I n  g e n e r a l ,  t h e  exposures of Mesaverde Formation a t  R i f l e  Gap are t h e  

c l o s e s t ,  and t h e r e f o r e  most similar t o ,  t h e  rocks t h a t  w i l l  be encountered a t  

Mwx. 
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