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DESCRIPTION OF MAP UNITS 

 
QUATERNARY 
Qfd  Artificial fill and disturbed areas (Historical)—Gravel, sand, and other earth fill emplaced by humans, and large 

areas that have been significantly disturbed; mapped where natural materials have been covered, removed, or 
disturbed by construction, gravel excavation, and other operations, making mapping of natural materials impractical 
or impossible; generally contrasts sharply with undisturbed areas on aerial photographs; most changes occurred after 
1956.  

 
Qfdc  Concrete in Glen Canyon Dam (Historical)—Concrete used to construct Glen Canyon Dam; dam was begun in 

1956 and completed in 1964 and contains 4,901,000 cubic yards (3,745,000 m³) of concrete; dam is 710 feet (216 
m) high, has a crest length of 1560 feet (475 m), and a crest elevation of 3715 feet (1132 m) above sea level; its 
height above the Colorado River is 583 feet (178 m); the dam’s foundation extends about 127 feet (38 m) below 
river level; the dam is 25 feet (8 m) wide at the crest and 300 feet (90 m) wide at the maximum base; normal high 
water level is 3700 feet (1128 m) elevation; reservoir storage capacity is about 27 million acre-feet (33.3 billion m³) 
(Bureau of Reclamation, undated).  

 
Qal1    Younger alluvial deposits (mostly late Holocene; locally to late Pleistocene)—Interbedded gravel, sand, silt, and 

clay deposited by the Colorado River and larger tributaries (most deposits in map area are covered by Lake Powell 
and thus not mapped); generally moderately to well sorted; clasts are well rounded to subrounded and uniformly 
sized with most less than 6 inches (15 cm) in diameter; small-scale trough cross-bedding, climbing ripple 
laminations, and imbricated cobbles are common; locally includes poorly sorted debris-flow deposits and talus 
derived from side canyons and cliffs where too small to map separately; forms sand and gravel bars in river channel 
and small remnants on steep canyon slopes adjacent to rivers; typically, deposits are up to 20 feet (6 m) above river 
or stream channels; 0 to 30 feet (0-9 m) thick. 

 
Qat2 to Qat13     

Alluvial terrace gravel deposits (Holocene to early Pleistocene [see age discussion below])—Pebble- to cobble-
gravel with less common boulders, sand, and silt deposited by Colorado River and Wahweap Creek, then preserved 
as terraces; moderately to well sorted and rounded; Colorado River clasts have distinctly better sorting, rounding, 
and flattening than Wahweap Creek clasts; clasts are mostly durable rock types, including quartzite, chert, and 
igneous rocks, and less common sandstone, limestone, and gneiss; clasts are better rounded and sorted than local 
alluvial deposits, and were derived primarily from outside the map area, but include small amounts of poorly sorted, 
locally derived sediment from side channels and adjacent slopes; commonly armored by gravel lag; generally 
includes minor talus and colluvial debris from adjacent bedrock units; map unit locally includes terrace gravel that 
drapes downslope from the original terrace deposits in areas where the terraces are being eroded or undercut; larger 
deposits are locally partially mantled by thin eolian sand; forms terraces at several levels from about 20 feet (6 m) to 
over 1100 feet (335 m) above the modern river channels (most low- and middle-level deposits are now covered by 
the lake); numbers denote relative height (and by inference, relative age) above the modern channel (see discussion 
below); larger mapped deposits locally include deposits of more than one level —assigned number is based on the 
height of the main part of the deposit; not all levels are preserved in this map area; 0 to 30 feet (0-10 m) thick. Near 
Navajo Canyon a possible terrace-gravel deposit visible on aerial photographs is queried (?) because it has not been 
verified in the field and it could be altered Navajo Sandstone rather than surficial terrace gravel.  

 
 

Long-Term Incision Rates and Ages of River-Terrace Gravel and Correlative Deposits 
 

 The Colorado River establishes the primary base level throughout the Glen Canyon area.  In Glen Canyon, 
the river has a fairly uniform gradient of about 3 to 5 feet per mile (0.6-1 m/km); just upstream in Cataract Canyon 
the gradient increases to 8 to 12 feet per mile (1.6-2.4 m/km) and downstream in the Grand Canyon it is about 7.7 
feet per mile (1.5 m/km) (Baars, 1987; Darling and others, 2012).  In general, over the last few million years the 
river has been in a state of incision, though evidence exists for periods of backfilling during short-term cut-and-fill 
cycles (Hereford and others, 2000, Pederson, 2009).  This continued incision has left remnants of strath terraces and 
correlative surficial deposits “stranded” at many levels up to nearly 1600 feet (500 m) above the modern river and its 
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tributaries (Hunt, 1969); the highest deposits recognized in the map area are about 1100 feet (335 m) above the 
modern channels.  In some areas, the ages of these deposits can be determined by dating specific minerals in rare 
volcanic ash beds, basalt flows, cave deposits, and fine-grained sediment; using various methods to measure sun 
exposure time or length of burial (absence of sun exposure); radiocarbon dating; comparing the paleomagnetism of 
these deposits with others of known age; and other methods (see references cited in table 1, below).  Using these 
ages in conjunction with the elevation of the deposits above the modern river channel allows calculation of average 
long-term incision rates.  Most calculated rates along the Colorado River range from about 0.6 feet per thousand 
years (0.18 m/kyr [meters per thousand years]) near the Utah-Colorado state line and near the western Grand 
Canyon, to 1.3 to 2.3 feet per thousand years (0.4-0.7 m/kyr) in the central Glen Canyon area near Navajo Mountain 
and the Henry Mountains (table 1) (Hanks and others, 2001; Garvin and others, 2005; Cook and others, 2009; 
Darling and others, 2012). The latter rates are some of the highest measured in any part of the Colorado River 
system and suggest that the lower 1500 feet (450 m) of Glen Canyon may have been cut in the last one million 
years.  Part of this unusually rapid incision may be due to isostatic rebound from crustal unloading caused by 
erosion of vast amounts of relatively nonresistant Triassic to Cretaceous sedimentary strata in the Glen Canyon area 
over the past couple of million years (Pederson, 2009), a residual effect of cutting of the Grand Canyon about 5.5 
million years ago (Lucchitta, 1989; Cook and others, 2009).   
 Table 2 shows calculated ages of major terraces and related deposits based on estimated average incision 
rates for the last one million years.  These derived ages have a large uncertainty because dateable materials are rare 
and are not always in ideal settings, some sample sites are over 100 miles (160 km) away, interpretation of some 
samples is debatable, and incision rates undoubtedly varied over time.  However, the data still yield meaningful 
estimates.  These average rates must be applied with caution to low-level deposits because short-term cut-and-fill 
cycles may overwhelm long-term incision processes.  For example, Pederson (2009) pointed out that some sediment 
derived from the Pinedale glaciation of 15,000 to 25,000 years ago in the upper Colorado River basin is probably 
still buried below the modern river channel in the Lees Ferry area.  Dating of historical and prehistoric artifacts, 
buried organic debris, and other materials using radiocarbon and other dating methods provides additional aid in 
determining the ages of low-level fluvial and correlative deposits (Hereford and others, 1996, 2000; Pederson, 
2009).   
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Table 1.  Selected long-term incision rates of the Colorado River and major tributaries.  These rates vary widely throughout 
the Colorado River basin; they seem to be lower near the Utah-Colorado border and in the western Grand Canyon, and 
higher in central GCNRA. Part of the variation can be attributed to difficulties in dating fluvial deposits, including less-
than-ideal sample sources, sampling different kinds of materials, using different dating methods, and applying different 
interpretations to resultant data. Estimated rates near the map area (first three lines in table) range from 0.46 to 1.6 feet 
(0.14-0.5 m) per thousand years calculated over the last 0.72 million years. Darling and others (2012) summarized results 
for the region, provided additional detail on most rates listed below, and discussed some of the challenges and uncertainties 
of determining incision rates.   Note that calculated rates throughout the region vary greatly, and rates appear to have been 
higher during the last 250,000 years and along tributaries (for example: Cook and others, 2009; Marchetti and others, 
2012). 
	
  
Average	
  calculated	
  incision	
  
rate	
  per	
  1000	
  years	
  

Time/basis	
  for	
  
calculation	
  
kyr=thousand	
  yrs	
  
myr=million	
  yrs	
  

Location/Comments	
   References	
  

0.49–0.95	
  feet	
  (0.15–0.289	
  m)	
   77–142	
  kyrs	
   Colorado	
  River,	
  Lees	
  Ferry,	
  Az	
  
(close	
  to	
  map	
  area)	
  

Cragun,	
  2007;	
  Hidy	
  and	
  others,	
  
2010	
  

0.46–0.5	
  feet	
  (0.14–0.18	
  m)	
   500	
  kyrs	
   Eastern	
  Grand	
  Canyon,	
  Az	
  (close	
  
to	
  map	
  area)	
  

Pederson	
  and	
  others,	
  2002;	
  
Karlstrom	
  and	
  Kirby,	
  2004;	
  
Karlstrom	
  and	
  others,	
  2007	
  

1.02–1.6	
  feet	
  (0.31–0.5	
  m)	
  
	
  

600	
  kyrs	
   Eastern	
  Grand	
  Canyon	
  and	
  Glen	
  
Canyon,	
  Az-­‐Ut	
  (close	
  to	
  map	
  
area)	
  

Davis	
  and	
  others,	
  2001;	
  Lucchitta	
  
and	
  others,	
  2001	
  

0.16–0.30	
  feet	
  (0.05–0.09	
  m)	
   720	
  kyrs	
   Western	
  Grand	
  Canyon,	
  Az-­‐Nv	
   Pederson	
  and	
  others,	
  2002;	
  
Karlstrom	
  and	
  Kirby,	
  2004;	
  
Karlstrom	
  and	
  others,	
  2007	
  

0.3–0.5	
  feet	
  (0.09–0.16	
  m)	
   600	
  kyrs	
   Western	
  Grand	
  Canyon,	
  Az-­‐Nv	
   Davis	
  and	
  others,	
  2001;	
  Lucchitta	
  
and	
  others,	
  2001	
  

0.18–0.4	
  feet	
  (0.06–0.12	
  m)	
   17	
  myrs	
   Western	
  Grand	
  Canyon,	
  Az-­‐Nv	
   Polyak	
  and	
  others,	
  2008	
  
0.41	
  feet	
  (0.126	
  m)	
  
1.29	
  feet	
  (0.395	
  m)	
  

1.5	
  myrs	
  
479	
  kyrs	
  

Colorado	
  River,	
  Bullfrog,	
  Ut	
  
(0.41	
  rate	
  most	
  reliable;	
  Darling	
  
and	
  others,	
  2012)	
  

Darling	
  and	
  others,	
  2012	
  
Davis	
  and	
  others,	
  2012	
  

1.21	
  feet	
  (0.369	
  m)	
   290	
  kyrs	
   Colorado	
  River,	
  Hite,	
  Ut	
   Darling	
  and	
  others,	
  2012	
  
1.1–2.0	
  feet	
  (0.35–0.6	
  m)	
   267	
  kyrs	
   Trachyte	
  Creek	
  near	
  Hite,	
  Ut,	
  

	
  	
  	
  	
  	
  	
  in	
  central	
  GCNRA	
  
Cook	
  and	
  others,	
  2009	
  

0.59	
  feet	
  (0.18	
  m)	
  	
   620	
  kyrs	
   Colorado	
  River,	
  Westwater	
  
Canyon	
  northeast	
  of	
  Moab,	
  Ut	
  

Willis,	
  1992,	
  1994;	
  Willis	
  and	
  
Biek,	
  2001;	
  Aslan	
  and	
  others,	
  
2008	
  

1.25–1.57	
  feet	
  (0.38–0.48	
  m)	
  
	
  	
  

189	
  kyrs	
   Fremont	
  River	
  (upper	
  Dirty	
  
	
  	
  	
  	
  	
  Devil	
  River),	
  Ut	
  

Marchetti	
  and	
  Cerling,	
  2001;	
  
Marchetti	
  and	
  others,	
  2012	
  

1.09–2.82	
  feet	
  (0.33–0.86	
  m)	
   60–151	
  krs	
   Fremont	
  River,	
  Ut	
   Repka	
  and	
  others,	
  1997	
  
0.36	
  feet	
  (0.11	
  m)	
  	
   1.4	
  myrs	
   San	
  Juan	
  River	
  at	
  Bluff,	
  Ut,	
  

	
  	
  	
  	
  	
  about	
  30	
  miles	
  (50	
  km)	
  
	
  	
  	
  	
  	
  east	
  of	
  GCNRA	
  

Wolkowinsky	
  and	
  Granger,	
  2004;	
  
Karlstrom	
  and	
  Kirby,	
  2004	
  

0.02–0.09	
  feet	
  (0.006–0.027	
  
m)	
  

8.25–9.9	
  myrs	
   Green	
  Rvr.	
  near	
  Browns	
  Park,	
  
Ut	
  

Luft,	
  1985;	
  Izett,	
  1985	
  

0.79	
  feet	
  (0.24	
  m)	
   3	
  myrs	
   Glenwood	
  Springs,	
  Co	
   Kirkham	
  and	
  others,	
  2001;	
  and	
  
references	
  cited	
  therein	
  

0.54–1.35	
  feet	
  (0.17–0.41	
  m)	
   3.7	
  myrs	
   Eastern	
  Grand	
  Canyon,	
  Az	
   Polyak	
  and	
  others,	
  2008	
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Table 2.  Estimated ages of terrace deposits in Glen Canyon Dam/Lees Ferry/Eastern Grand Canyon Area based river 
incision rates. Published rates near the map area range from 0.46 to 1.6 feet (0.14-0.5 m) per thousand years (see discussion 
and table 1 above; also see Darling and others, 2012).  A median rate of 1.0 feet (0.3 m) is used; higher or lower rates would 
change the estimated ages of the terrace deposits.   

	
  
Level	
  

Terace	
  
Level	
  

	
  

Height	
  Above	
  Rivers	
  
feet	
  (meters)	
  

Ages	
  Using	
  Estimated	
  Average	
  	
  
Long-­‐term	
  Incision	
  Rate	
  of	
  	
  

1.0	
  foot	
  (0.3	
  m)/kyr)	
  	
  	
  	
  
	
  
	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  

Epoch/Age	
  
Late	
  Pleist.	
  =	
  0.0117–0.126	
  Ma	
  (Tarantian	
  age)	
  	
  
Mid	
  Pleist.	
  =	
  0.126–0.781	
  Ma	
  (Ionian	
  age)	
  
Early	
  Pleist.	
  =	
  0.781–2.588	
  Ma	
  (Calabrian	
  and	
  
Gelasian	
  ages)	
  

1	
   0–20	
  (0–6)	
  
(locally	
  higher	
  along	
  	
  
major	
  rivers;	
  lower	
  	
  
along	
  small	
  
ephemeral	
  
washes)	
  	
  

long-­‐term	
  incision	
  rates	
  don’t	
  apply	
  
due	
  to	
  short-­‐term	
  cut-­‐and-­‐fill	
  cyclicity,	
  
seasonal	
  fluctuations,	
  and	
  other	
  
events;	
  	
  mostly	
  late	
  Holocene	
  based	
  on	
  
local	
  setting,	
  soil	
  and	
  eolian	
  sand	
  and	
  
silt	
  accumulation,	
  dating	
  of	
  plant	
  
fragments	
  and	
  prehistoric	
  and	
  historic	
  
human	
  artifacts	
  (pottery	
  shards,	
  cut	
  
wood,	
  plastic,	
  etc)	
  (Hereford	
  and	
  
others,	
  1996,	
  2000)	
  

mostly	
  late	
  Holocene	
  historic	
  to	
  late-­‐
prehistoric;	
  locally	
  may	
  include	
  late	
  Pleistocene	
  
	
  

2	
   20–40	
  (6–12)	
   long-­‐term	
  incision	
  rates	
  probably	
  don’t	
  
apply	
  due	
  to	
  short-­‐term	
  cut-­‐and-­‐fill	
  
cyclicity;	
  mostly	
  Holocene	
  based	
  on	
  
local	
  setting,	
  soil	
  and	
  eolian	
  sand	
  and	
  
silt	
  accumulation,	
  dating	
  prehistoric	
  
artifacts	
  and	
  plant	
  fragments,	
  and	
  
comparison	
  to	
  other	
  areas	
  where	
  ages	
  
of	
  deposits	
  in	
  similar	
  position	
  have	
  
been	
  determined	
  (Hereford	
  and	
  
others,	
  1996,	
  2000)	
  

Holocene;	
  locally	
  may	
  include	
  late	
  Pleistocene	
  	
  

3	
   40–80	
  (12–24)	
   long-­‐term	
  incision	
  rates	
  may	
  be	
  
applicable	
  under	
  some	
  conditions	
  	
  

mostly	
  early	
  Holocene	
  to	
  late	
  Pleistocene	
  

4	
   80–130	
  (24–40)	
   	
  	
  	
  	
  	
  80–130	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   late	
  to	
  middle	
  Pleistocene	
  
5	
   130–230	
  (40–70)	
  	
   	
  	
  	
  	
  	
  130–230	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   late	
  to	
  middle	
  Pleistocene	
  
6	
   230–330	
  (70–100)	
   	
  	
  	
  	
  	
  230–330	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   middle	
  Pleistocene	
  
7	
   330–430	
  (100–130)	
   	
  	
  	
  	
  	
  330–430	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   middle	
  Pleistocene	
  
8	
   430–530	
  (130–160)	
   	
  	
  	
  	
  	
  430–530	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   middle	
  Pleistocene	
  
9	
   530–630	
  (160–190)	
   	
  	
  	
  	
  	
  530–630	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   middle	
  Pleistocene	
  

10	
   630–730	
  (190–220)	
   	
  	
  	
  	
  	
  630–730	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   middle	
  Pleistocene	
  
11	
   730–830	
  (220–250)	
   	
  	
  	
  	
  	
  730–830	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   middle	
  to	
  early	
  Pleistocene	
  
12	
   830–930	
  (250–280)	
   	
  	
  	
  	
  	
  830–930	
  ka	
  	
  	
  	
  	
  	
  	
  	
   early	
  Pleistocene	
  
13	
   930+	
  (280+)	
   	
  	
  	
  	
  	
  930+	
  ka	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   early	
  Pleistocene	
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Qae      Alluvial and eolian deposits (Holocene)—Mostly small boulder- to pebble-gravel, sand, silt, and clay deposited in 
small drainages and mixed with or covered by minor to moderate amounts of windblown sand and silt; poorly to 
moderately sorted and poorly rounded to subangular; locally include minor amounts of colluvium and angular rubble 
from adjacent stream banks and slopes; clast composition reflects local lithologies; mapped in small washes where 
includes deposits in active part of wash bottom to about 40 feet (12 m) above wash floor; 0 to 20 feet (0-6 m) thick.   

 
Qaec  Mixed alluvial-fan, eolian, and colluvial deposits (Holocene to middle(?) Pleistocene)—Poorly to moderately 

sorted boulder- to pebble-gravel, sand, silt, and clay deposited on low-relief slopes and benches and in gullies, 
washes, and small stream channels where slopes reduce gradient as they cross from more-resistant to less-resistant 
bedrock units, and in poorly developed terraces along washes; sparsely to moderately mantled by eolian sand in 
some areas; includes mixed alluvial-fan, debris-flow, slope-creep, slope-wash, eolian, and alluvial ephemeral stream 
deposits; common on slopes below cliff- and ledge-forming units; distal parts commonly have more eolian cover 
and are gradational with eolian and alluvial deposits (Qes and Qea); 0 to 30 feet (0-10 m) thick. 

 
Qea     Eolian and alluvial sand and silt (Holocene to middle(?) Pleistocene)—Well- to very well sorted, well-rounded 

sand and silt deposited by wind, locally mixed with sand, silt, and fine gravel deposited by alluvial processes; forms 
poorly developed dunes, mounds, and sheet-like deposits in depressions and areas protected from erosion for long 
periods of time; similar in setting and composition to Qes deposits except evidence of alluvial activity is more 
common and dune forms are less developed; mostly derived from and present on Navajo Sandstone; residual lag of 
underlying rock is common; 0 to 50 feet (0-15 m) thick.      

 
Qeao    Older eolian and alluvial deposits (mostly middle to early(?) Pleistocene)—Similar to Qea except cap higher 

slopes, benches, and mesas and have thicker calcic soil horizon; though deposits are on older inactive surfaces, they 
continue to accumulate windblown sediment; 0 to 50 feet (0-15 m) thick.   

  
Qes     Eolian sand (Holocene to early(?) Pleistocene)—Very well sorted, well-rounded, mostly fine- to medium-grained, 

frosted quartz sand derived from the weathering of sandy bedrock; deposited by wind in sheets, mounds, and small 
dunes in protected areas on benches and slopes; locally includes minor alluvial and colluvial deposits; locally 
slightly reworked by water, rooting, and burrowing animals; mostly derived from and present on Navajo Sandstone, 
but also locally present on other formations; 0 to 45 feet (0-15 m) thick.   

 
Qmte  Mass-movement talus with eolian sand mantle (Holocene to early(?) Pleistocene)—Broken, angular rock-fall 

material that forms loose debris layer on and at the base of steep slopes, and commonly mantled by moderate to 
large amounts of well-sorted eolian sand that locally completely covers the rock-fall debris; non- to poorly 
cemented; most common on steep slopes at the base of the Entrada Sandstone, but present beneath other cliff- and 
ledge-forming units; thickness generally less than 30 feet (10 m). 
 

Cretaceous 
 

Kd  Dakota Formation (Upper Cretaceous, Cenomanian, with possible upper Lower Cretaceous, Barremian to Albian) 
(called Dakota Sandstone on some older maps)—Interbedded grayish-orange to light-brown sandstone, sandy 
mudstone and shale, carbonaceous mudstone, shaley sandstone, pebble conglomerate, and dark-brown to black 
carbonaceous shale and coal; upper part is sandstone with marine fossils; middle part is ledge and slope-forming 
sandstone, mudstone, and coal-bearing unit; lower part is a discontinuous local basal conglomerate that fills 
paleotopographic lows and may be at least partly Early Cretaceous in age and thus may be Cedar Mountain 
Formation equivalent (see discussion in Biek and others, 2009); forms ledges and slopes; deposited unconformably 
(K-0 unconformity) on surface eroded across Morrison, Romana, and Entrada Formations; varies but generally 30 to 
100 feet (10-30 m) thick. 

 
K-0 Unconformity 

 
Jurassic 

 
Jm  Morrison Formation (Upper Jurassic, Tithonian-Kimmeridgian)—Pale- to medium-yellowish-gray, reddish-gray, 

and greenish-gray, weathering to dark brown, very fine to medium-grained, cross-bedded sandstone, pebble 
conglomerate, and conglomeratic sandstone, interbedded with minor pale-grayish-green, medium-reddish-brown, or 
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medium-purplish-gray siltstone and smectitic (swelling clay) mudstone; beveled throughout map area – cut out in 
west part of map area due to K-0 unconformity at base of Dakota Formation that cuts increasingly down-section to 
the west; upper unconformable contact sharp but commonly poorly exposed; outcrops in map area are primarily Salt 
Wash Member but thin Tidwell Member that is mapped with Romana Sandstone may be locally present below the 
Salt Wash; overlies Middle and Upper Jurassic units above J-5 unconformity; deposited in fluvial-lacustrine 
“savannah-like” environment; age from Litwin and others (1998), Turner and Peterson (2004), and Kowallis and 
others (2007); 0 to 410 feet (0-125 m) thick. 

 
J-5 Unconformity 
 
Jr  Romana Sandstone (Upper Jurassic, Oxfordian)—Grayish-yellow, greenish-gray, yellowish-gray, and light-tan, 

very fine to fine-grained, medium-bedded to massive, planar to cross-bedded, calcareous sandstone with thin planar 
beds of reddish-brown, calcareous, sandy siltstone; outcrops commonly stained to reddish-brown; forms massive to 
ledgy cliff; overlies Entrada Sandstone above J-3 unconformity; can be difficult to distinguish from Entrada but 
Romana is generally more blocky and reddish-brown; deposited in sabkha, tidal-flat, and eolian environments; cut 
out by K-0 unconformity in western part of map area; 0 to 150 feet (0-45 m) thick (Peterson and Barnum, 1973; 
Doelling and Davis, 1989; Doelling and Willis, 2006). 

 
J-3 Unconformity 
 
Je   Entrada Sandstone (Middle Jurassic, Callovian)—Regionally, consists of three members, but within map area, 

upper (Escalante Member) has been cut out by the J-3 unconformity; middle and lower members are combined into 
one map unit in map area; the middle (Cannonville Member) consists chiefly of 250 to 300 feet (75-90 m) of 
reddish-brown, grayish-yellow, and gray, banded, slope-forming, silty sandstone and sandy siltstone; lower 
(Gunsight Butte Member) is chiefly reddish-brown to yellowish-gray, fine-grained, cross-bedded, cliff-forming, 
“slickrock” sandstone or earthy-weathering, silty sandstone and is 400 to 500 feet (120-150 m) thick; the lower 
member commonly has abundant convoluted bedding, including internal slumps, fluid-escape structures, pipes, load 
casts, and related features, and has commonly “sagged” or settled into the underlying Carmel Formation, which was 
non- or weakly lithified at the time the Entrada was deposited; mostly eolian with interbedded playa and fluvial 
deposits; total Entrada is 640 to 790 feet (195-240 m) thick in the map area (Peterson and Barnum, 1973; Doelling 
and Davis, 1989; Doelling and Willis, 2006).   

 
Jc  Carmel Formation, undivided (combined Paria River and Winsor Members) (Middle Jurassic, Callovian-

Bathonian)—Upper part (Winsor Member) is mostly medium- to dark-reddish-brown to brown, slope-forming, 
earthy-weathering, silty sandstone and siltstone intercalated with sporadic irregular beds of very pale yellowish-
gray, calcareous, fine-grained sandstone that is locally gypsiferous; lower part (Paria River Member) is mostly 
dark-reddish-brown siltstone and silty sandstone with a few tan to brown, fine-grained sandstone beds capped by 
silty to sandy, pale-gray to pink, chippy-weathering limestone; lower contact is gradational and laterally variable and 
is picked at top of eolian sandstone-dominated interval; deposited in shallow-marine, sabkha, and tidal-flat 
environment near southeast side of an inland sea (Peterson, 1994); bedding is commonly slightly warped to locally 
strongly contorted (probably due to loading and foundering of the overlying Entrada Sandstone before lithification, 
and to dissolution and movement of gypsum); small remnants of foundered Entrada Sandstone locally present in 
uppermost part of map unit; the Winsor and Paria River Members of the Carmel Formation are 164 to 167 Ma 
(Bathonian to early Callovian) (Sprinkel and others, 2011); in map area upper part (Winsor) is typically 130 to 255 
feet (40-78 m) thick, and lower part (Paria River) is 36 to 40 feet (11-12 m) thick; total thickness is 170-294 feet 
(50-90 m) (Peterson and Barnum, 1973; Doelling and Davis, 1989; Doelling and Willis, 2006; D.A. Sprinkel, 
written communication, February 2012). 

 
J-2 unconformity(?):  Pipiringos and O’Sullivan (1978) proposed that an unconformity is present in this position; however, 

recent work is questioning its presence (see discussion in Anderson and others, 2010; Sprinkel and others, 2011).   
 
    Jp  Page Sandstone (Middle Jurassic, Bathonian-Bajocian)—Pale-grayish-yellow to pale-reddish-brown, thick- to 

massive-bedded, large-scale cross-bedded, fine-to medium-grained sandstone interbedded with minor reddish-
brown, planar- to lenticular-bedded siltstone and reddish-brown to grayish-orange, thin-bedded, fine-grained 
sandstone; sand grains are mostly well-rounded and frosted; in most areas consists of uniform cliff-forming 
sandstone with a few horizontal partings; locally the partings grade into thin siltstone or silty sandstone zones a few 
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inches to a few feet thick; to the west, one of these thickens to become the Judd Hollow Tongue of the Carmel 
Formation (Phoenix, 1963, 2009), however, no Judd Hollow is recognized within this map area; where the Judd 
Hollow is present in areas to the west, the lower sandstone interval is called the Harris Wash Tongue, and the upper 
sandstone is called the Thousand Pockets Tongue; the lower unconformable contact with the Navajo Sandstone is 
sharp to obscure, planar to slightly undulating, and commonly marked by evidence of bioturbation, mudcracks, and 
a sparse lag of slightly coarser sand grains with scattered angular chert clasts up to about 0.4 inches (1 cm) in 
diameter; the Page was deposited in an eolian erg environment, but the interbedded finer-grained intervals show 
sabkha, ephemeral stream, and tidal flat influence (Blakey, 1994; Jones and Blakey, 1997); ); the Page is 167-170 
Ma (Bajocian to early Bathonian), the same age as the lower part of the Carmel Formation in areas to the west 
(Sprinkel and others, 2009, 2011; Anderson and others, 2010; Dickinson and others, 2010); type section is within 
map area on northwest side of Manson Mesa (SW1/4 NW1/4 sec 19, T.14N., R.9E.) where the Page is 183 feet (55.8 
m) thick (Peterson and Pipiringos, 1979); thickness quite variable within map area; ranges from about 40 feet (12 m) 
in southeast part of map area to about 230 feet (70 m) locally in western part of map area (R.C. Blakey, Northern 
Arizona University, written communication, May 2004). 

  
J-1 unconformity:  Unconformity is difficult to identify in many areas because underlying and overlying units are 
similar eolian sandstone; however, locally, scour surfaces, a grit- to small chert-pebble lag, root casts, mudcracks, 
and mottled strata just below the unconformity provide evidence of its presence (see discussion in Anderson and 
others, 2010; Sprinkel and others, 2011).   

	
  
Jn      Navajo Sandstone (Lower Jurassic, Toarcian-Pliensbachian)—Pale-yellowish-gray, moderate-reddish-brown, and 

moderate-reddish-orange, fine- to medium-grained, massive, cross-bedded sandstone; grains are primarily rounded 
to subrounded, frosted, well-sorted and equant quartz; conspicuously cross-bedded with cross-bed sets that range up 
to 60 feet (20 m) thick; contains scattered thin discontinuous beds of gray sandy limestone, dolomite, and siltstone 
up to 50 feet thick (15 m) and that range up to 3 miles (5 km) long with common algae laminae, ripple marks, and 
mudcracks; lower contact not exposed in map area; forms rounded knobs, buttes, and mesa rims marked by large 
parallel to conjugate near-vertical joints that are locally mapped and smaller weathering and unloading fractures; 
main part deposited in large sand desert (erg) with local interdunal playas (oasis-like setting), basal part deposited in 
sabkha with abundant wind-blown sand deposited in a vast coastal and inland dune field with prevailing winds 
principally from the north (Blakey, 1994; Peterson, 1994); ranges from about 1675 to 1860 feet (510-565 m) thick 
where fully exposed approximately 4 miles (6 km) southwest of map (Phoenix, 1963, 2009; Hintze and Kowallis, 
2009; Billingsley and Priest, 2012), with a maximum of about 1100 feet (340 m) exposed in Glen Canyon below the 
dam.   

 
Subsurface Units – Shown on cross section only; see Phoenix (1963, 2009; Billingsley and Priest, 2012) for descriptions 

from exposures in Lees Ferry area; also see Hintze and Kowallis (2009) for summary of ages. 
 
Jk  Kayenta Formation (Lower Jurassic, Pliensbachian-Sinemurian)  
 
Jurassic-Triassic 
 
J^wm   Wingate Sandstone and Moenave Formation (Lower Jurassic to Upper Triassic, Sinemurian-Rhaetian)  
 
Tr-5 Unconformity (probably within upper part of Chinle Formation) 

 
Triassic 
 
^c Chinle Formation (Upper Triassic, Norian-Carnian)  
 
Tr-3 Unconformity 
 
^m       Moenkopi Formation (Lower Triassic, Spathian-Diegenerian)  

 
Tr-1 Unconformity 
 
Pz  Paleozoic strata  



 8 

 
 

Acknowledgments 
 
I appreciate the work of Buck Ehler, who prepared digital files and GIS databases; Jay Hill and the late Jim Parker, 
who drafted digital files of figures; Bob Biek, Mike Hylland, and U.S. Geological Survey geologist George 
Billingsley, who reviewed the geologic map and explanation; and Basia Matyjasik, who reviewed the digital files.   
 
 

References 
 
References with numbers refer to geologic maps that are the primary sources for a composite geologic map of Glen 
Canyon National Recreation Area in preparation by the Utah Geological Survey.  These source maps are shown on 
the index map on plate 1. 
 
Anderson, P.B., Willis, G.C., Chidsey, J.C., Jr., and Sprinkel, D.A., 2010, Geology of Glen Canyon National 

Recreation Area, Utah-Arizona, in Sprinkel, D.A., Chidsey, T.C., Jr., and Anderson, P.B., editors, Geology 
of Utah’s parks and monuments, 3rd edition: Bryce Canyon Natural History Association and Utah 
Geological Association Millennial Guidebook Publication 28, p. 309–347. 

 
Aslan, A., Karlstrom, K., Crossey, J., Kelley, S., Cole, R., Lazear, G., and Darling, A., 2010, Late Cenozoic 

evolution of the Colorado Rockies – evidence for Neogene uplift and drainage integration, in, Morgan, 
L.A., and Quane, S.L., editors, Through the generations – geologic and anthropogenic field excursions in 
the Rocky Mountains from modern to ancient: Geological Society of America Field Guide 18, p. 21–24. 

 
Baars, D.L., 1987, Canyonlands, a brief history, in Campbell, J.A., editor, Geology of Cataract Canyon and vicinity: 

Four Corners Geological Society Tenth Field Conference, p. 1–9.  
 
Biek, R.F., Rowley, P.D., Hayden, J.M., Hacker, D.B., Willis, G.C., Hintze, L.F., Anderson, R.E., and Brown, K.D., 

2009, Geologic map of the St. George and east part of the Clover Mountains 30' x 60' quadrangles, 
Washington and Iron Counties, Utah: Utah Geological Survey Map 242, 2 pl., 101 p., scale 1:100,000. 

  
1  Billingsley, G.H., Huntoon, P.W., and Breed, W.J., 1987, Geologic map of Capitol Reef National Park and 

vicinity, Emery, Garfield, Kane, and Wayne Counties, Utah:  Utah Geological and Mineral Survey Map 87, 
scale 1:62,500.  Geographic Information System (GIS) data — 
http://science.nature.nps.gov/nrdata/datastore.cfm?ID=39074; digital map image - 
http://geology.utah.gov/maps/geomap/parkmaps/pdf/M-87.pdf. 

 
6  Billingsley, G.H., and Priest, S.S., 2012 (in press), Geologic map of the Glen Canyon Dam 30' x 60' quadrangle, 

Coconino County, northern Arizona: U.S. Geological Survey Scientific Investigations Map. 
 
Blakey, R.C., 1994, Paleogeographic and tectonic controls on some Lower and Middle Jurassic erg deposits, 

Colorado Plateau, in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., editors, Mesozoic systems of the 
Rocky Mountain region, U.S.A.: Denver, Colorado, Rocky Mountain Section SEPM (Society for 
Sedimentary Geology), p. 273–298. 

 
Bureau of Reclamation, undated, Glen Canyon Dam—statistics: Online, 

http://www.usbr.gov/dataweb/dams/az10307.htm, accessed December 16, 2008. 
 

Cook, K.L., Whipple, K.X., Heimsath, A.M., and Hanks, T.C., 2009, Rapid incision of the Colorado River in Glen 
Canyon; insights from channel profiles, local incision rates, and modeling of lithologic controls: Earth 
Surface Processes and Landforms, vol. 34, no. 7, p. 994–1010. 

 
Cragun, W.S., 2007, Quaternary evolution of the Colorado River at Lees Ferry, Arizona: Logan, Utah State 

University, M.S. thesis, 179 p. 



 9 

 
Darling, A.L., Karlstrom, K.E., Granger, D.E., Aslan, A., Kirby, E., Ouimet, W.B., Lazear, G.D., Coblentz, D.D., 

and Cole, R.D., 2012, New incision rates along the Colorado River system based on cosmogenic burial 
dating of terraces – implications for regional controls on Quaternary incision: Geological Society of 
America, Geosphere, v. 8, no. 5, p. 1020–1041.  

 
Davis, S.W., Davis, M.E., Luchitta, I., Hanks, T.C., Finkel, R.C., and Caffee, M., 2001, Erosional history of the 

Colorado River through Glen and Grand Canyons, in Young, R.A., and Spamer, E.E., editors, Colorado 
River origin and evolution: Grand Canyon, Arizona, Grand Canyon Natural History Association, 
symposium volume, p. 135–140.  

 
Dickinson, W.R., Stair, K.N., Gehrels, G.E., Peters, L., Kowallis, B.J., Blakey, R.C., Amar, J.R., and Greenhalgh, 

B.W., 2010, U-Pb and 40Ar/39Ar ages for a tephra lens in the Middle Jurassic Page Sandstone—first direct 
isotopic dating of a Mesozoic eolianite on the Colorado Plateau: Journal of Geology, v. 118, p. 215–221. 

 
Doelling, H.H., 2004, Geologic map of the La Sal 30' x 60' quadrangle, San Juan, Wayne, and Garfield Counties, 

Utah, and Montrose and San Miguel Counties, Colorado: Utah Geological Survey Map 205, 2 pl., scale 
1:100,000. 

 
Doelling, H.H., 2006 (digital release), Geologic map of the La Sal 30' x 60' quadrangle, San Juan, Wayne, and 

Garfield Counties, Utah, and Montrose and San Miguel Counties, Colorado: Utah Geological Survey Map 
205DM, 2 pl., GIS data, CD-ROM, scale 1:100,000. 

 
Doelling, H.H., and Davis, F.D., 1989, The geology of Kane County, Utah, geology, mineral resources, geologic 

hazards:  Utah Geological and Mineral Survey Bulletin 124 (also published separately as UGMS Map 121), 
10 pl., scale 1:100,000, 192 p.  

 
2  Doelling, H.H., and Willis, G.C., 1999, Interim geologic map of the Escalante and parts of the Loa and Hite 

Crossing 30' x 60' quadrangles, Garfield and Kane Counties, Utah: Utah Geological Survey Open-File 
Report 368, 19 p., 2 plates, scale 1:100,000.  

 
3  Doelling, H.H., and Willis, G.C., 2006, Geologic map of the Smoky Mountain 30' x 60' quadrangle, Kane and San 

Juan Counties, Utah, and Coconino County, Arizona: Utah Geological Survey Map 213, 2 plates, scale 
1:100,000; GIS data—UGS Map 213DM published in 2008.  Also see: Doelling, H.H., and Davis, F.D., 
1989, The geology of Kane County, Utah, geology, mineral resources, geologic hazards:  Utah Geological 
and Mineral Survey Bulletin 124 (also published separately as UGMS Map 121), 10 pl., scale 1:100,000, 
192 p.  
 

4  Doelling, H.H., and Willis, G.C., 2008, Geologic map of the lower Escalante River area, Glen Canyon National 
Recreation Area, eastern Kane County, Utah: Utah Geological Survey Miscellaneous Publication 06-3DM, 
8 p., scale 1:100,000. 

 
Garvin, C.D., Hanks, T.C., Finkel, R.C., and Heimsath, A.M., 2005, Episodic incision of Colorado River in Glen 

Canyon, Utah [abs.]:  Geological Society of America Abstracts with Programs, v. 37, no. 7, p. 110.   
 
Hanks, T.C., Luchitta, I., Davis, S.W., Davis, M.E., Finkel, R.C., Lefton, S.A., and Garvin, C.D., 2001, The 

Colorado River and the age of Glen Canyon, in Young, R.A., and Spamer, E.E., editors, Colorado River 
origin and evolution: Grand Canyon, Arizona, Grand Canyon Natural History Association, symposium 
volume, p. 129–134.  

 
Hereford, R., Burke, K.J., and Thompson, K.S., 2000, Map showing Quaternary geology and geomorphology of the 

Lees Ferry area, Arizona: U.S. Geological Survey Geologic Investigations Series Map I-2663, scale 
1:2000. 

 
Hereford, R., Jacoby, G.C., and McCord, V.A.S., 1996, Late Holocene alluvial geomorphology of the Virgin River 

in the Zion National Park area, southwest Utah: Geological Society of America Special Paper 310, 46 p. 



 10 

 
Hidy, A.J., Gosse, J.C., Pederson, J.L., Mattern, J.P., Finkel, R.C., 2010, A geologically constrained Monte Carlo 

approach to modeling exposure ages from profiles of cosmogenic nuclides—an example from Lees Ferry, 
Arizona: Geochemistry Geophysics Geosystems, Vol. 11, QOAA10, 18 p.  

 
Hintze, L.F., and Kowallis, B.J., 2009, Geologic history of Utah: Brigham Young University Geology Studies 

Special Publication 9, 225 p. 
 
Hunt, C.B., 1969, Geologic history of the Colorado River: U.S. Geological Survey Professional Paper 669-C, p. 59–

130. 
 
5  Huntoon, P.W., Billingsley, G.H., Jr., and Breed, W.J., 1982, Geologic map of Canyonlands National Park and 

vicinity, Utah:  Moab, Utah, Canyonlands Natural History Association, scale 1:62,500.  GIS data—
http://science.nature.nps.gov/nrdata/datastore.cfm?ID=38974. Also see: Doelling, H.H., 2004, Geologic 
map of the La Sal 30' x 60' quadrangle, San Juan County, Utah:  Utah Geological Survey Map 205, 2 
plates, scale 1:100,000; GIS data—UGS Map 205DM published in 2006. 

 
Izett, G.A., 1975, Late Cenozoic sedimentation and deformation in northern Colorado and adjoining areas, in, 

Curtis, B.F., editor, Cenozoic history of the southern Rocky Mountains: Geological Society of America 
Memoir 144, p. 179–209. 

 
Jones, L.S., and Blakey, R.C., 1997, Eolian-fluvial interaction in the Page Sandstone (Middle Jurassic) in south-

central Utah, USA—a case study of erg-margin processes: Sedimentary Geology, vol. 109, p. 181–198. 
 
Karlstrom, K.E., Crow, R.S., Peters, L., McIntosh, W., Raucci, J., Crossey, L.J., Umhoefer, P., and Dunbar, N., 

2007, 40Ar/39Ar and field studies of Quaternary basalts in Grand Canyon and model for carving Grand 
Canyon—quantifying the interaction of river incision and normal faulting across the western edge of the 
Colorado Plateau: Geological Society of America Bulletin, v. 119, no. 11/12, p. 1283–1312. 

 
Karlstrom, K.E., and Kirby, E., 2004, Colorado River system of the southwestern U.S.; longitudinal profiles, 

differential incision, and a hypothesis for Quaternary tectonism at both ends [abs.]: Geological Society of 
America Abstracts with Programs v. 36, no. 5, p. 550–551. 

 
Kirkham, R.M., Kunk, M.J., Bryant, B., and Streufert, R.K., 2001, Constraints on timing and rates of late Cenozoic 

incision by the Colorado River in Glenwood Canyon, Colorado—a preliminary synopsis, in Young, R.A., 
and Spamer, E.E., editors, Colorado River origin and evolution: Grand Canyon, Arizona, Grand Canyon 
Natural History Association, p. 113–118.  

 
Kowallis, B.J., Britt, B.B., Greenhalgh, B.W., and Sprinkel, D.A., 2007, New U-Pb zircon ages from an ash bed in 

the Brushy Basin Member of the Morrison Formation near Hanksville, Utah, in, Willis, G.C., Hylland, 
M.D., Clark, D.L., and Chidsey, T.C., Jr., Central Utah—diverse geology of a dynamic landscape: Utah 
Geological Association Publication 36, p. 75–80.  

 
Litwin, R.J., Turner, C.E., and Peterson, F., 1998, Palynological evidence on the age of the Morrison Formation, 

wester Interior U.S.: Modern Geology, v. 22, no. 1-4, p. 297–319. 
 
Lucchitta, I., 1990, History of the Grand Canyon and of the Colorado River in Arizona, in, Beus, S.S., and Morales, 

M., editors, Grand Canyon geology: New York, Oxford University Press, p. 311–332.   
 
Lucchitta, I., Curtis, G.H., Davis, M.E., Davis, S.W., Hanks, T.C., Finkel, R.C., and Turrin, B., 2001, Rates of 

downcutting of the Colorado River in Grand Canyon region, in Young, R.A., and Spamer, E.E., editors, 
Colorado River origin and evolution: Grand Canyon, Arizona, Grand Canyon Natural History Association, 
symposium volume, p. 155–158.  

 
Luft, S., 1985, Airfall tuff in the Browns Park Formation, northwestern Colorado and northeastern Utah: The 

Mountain Geologist, vol. 22, no. 3, p. 110–127. 



 11 

 
Marchetti, D.W., Hynek, S.A., and Cerling, T.E., 2012, Gravel-capped benches above the northern tributaries of the 

Escalante River, south-central Utah: Geosphere v. 8 no. 4 p. 835–853. 
 
Marchetti, D.W., and Cerling, T.E., 2001, Bedrock incision rates for the Fremont River, tributary of the Colorado 

River, in Young, R.A., and Spamer, E.E., editors, Colorado River origin and evolution: Grand Canyon, 
Arizona, Grand Canyon Natural History Association, p. 125–128.  

 
Pederson, J., Karlstrom, K., Sharp, W., and McIntosh, W., 2002, Differential incision of the Grand Canyon related 

to Quaternary faulting—constraints from U-series and Ar/Ar dating: Geology, v. 30, p. 739–742. 
 
Peterson, F., 1994, Sand dunes, sabkhas, streams, and shallow seas—Jurassic paleogeography in the southern part of 

the Western Interior basin, in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., editors, Mesozoic systems 
of the Rocky Mountain region, U.S.A.: Denver, Colorado, Rocky Mountain Section SEPM (Society for 
Sedimentary Geology), p. 233–272. 

 
Peterson, F., and Barnum, B.E., 1973, Geologic map of the southwest quarter of the Cummings Mesa [Gregory 

Butte] quadrangle, Kane and San Juan Counties, Utah and Coconino County, Arizona: U.S. Geological 
Survey Map I-759, scale 1:24,000. 

 
Peterson, F., and Pipiringos, G.N., 1979, Stratigraphic relationships of the Navajo Sandstone to Middle Jurassic 

formations in parts of southern Utah and northern Arizona, in Unconformities, correlations, and 
nomenclature of some Triassic and Jurassic rocks, Western Interior United States: U.S. Geological Survey 
Professional Paper, 1035-B, p. B1–B43.  

 
Phoenix, D.A., 1963, Geology of the Lees Ferry area, Coconino County, Arizona: U.S. Geological Survey Bulletin 

1137, 86 p., scale 1:24,000. 
 
6  Phoenix, D.A., 2009, Geologic map of part of the Lees Ferry area, Coconino County, Arizona (digitized and 

modified from plate 1 of U.S. Geological Survey Bulletin 1137, 86 p., scale 1:24,000, published in 1963): 
Utah Geological Survey Miscellaneous Publication 09-2DM, GIS data, scale 1:24,000.  

 
Pipiringos, G.N., and O’Sullivan, R.B., 1978, Principal unconformities in Triassic and Jurassic rocks, western 

interior United States—a preliminary survey: U.S. Geological Survey Professional Paper 1035-A, 29 p. 
 
Polyak, V., Hill, C., and Asmerom, Y., 2008, Age and evolution of the Grand Canyon revealed by U-Pb dating of 

water table-type speleothems: Science, v. 319, p. 1377–1380. 
 
Repka, J., Anderson, R., and Finkel, R.C., 1997, Cosmogenic dating of fluvial terraces, Fremont River, Utah: Earth 

and Planetary Science Letters, v. 152, no. 1-4, p. 59–73. 
 
Sprinkel, D.A., Doelling, H.H., Kowallis, B.J., Waanders, G., and Kuehne, P.A., 2011, Early results of a study of 

Middle Jurassic strata in the Sevier fold and thrust belt, Utah, in Sprinkel, D.A., Yonkee, W.A., and 
Chidsey, T.C., Jr., editors, Sevier thrust belt: northern and central Utah and adjacent areas: Utah Geological 
Association Publication 40, p. 151–172. 

 
7  Thaden, R.E., Trites, A.F., Jr., Finnell, T.L., and Willis, G.C., 2008, Geologic map of the White Canyon-Good 

Hope Bay area, San Juan and Garfield Counties, Utah (digitized and modified from U.S. Geological Survey 
Bulletin 1125, published in 1964): Utah Geological Survey Miscellaneous Publication 08-3DM, GIS data, 
CD-ROM, scale 1:100,000. 

 
Turner, C.E., and Peterson, F., 2004, Reconstruction of the Upper Jurassic Morrison Formation extinct ecosystem—

a synthesis: Sedimentary Geology, v. 167, p. 3009–355.  
 
Willis, G.C., 1992, Lava Creek B volcanic ash in pediment mantle deposits, Colorado Plateau, east-central Utah— 

implications for Colorado River downcutting and pedogenic carbonate accumulation rates: Rocky 



 12 

Mountain Section Geological Society of America Abstracts with Programs, v. 24, no. 6, p. 68. 
 
Willis, G.C., 1994, Geologic map of the Harley Dome quadrangle, Grand County, Utah: Utah Geological Survey 

Map 157, 18 p., scale 1:24,000. 
 
8  Willis, G.C., 2004, Interim geologic map of the lower San Juan River area, eastern Glen Canyon National 

Recreation Area and vicinity, San Juan County, Utah: Utah Geological Survey Open-File Report 443DM, 2 
plates, GIS data, scale 1:50,000.  

 
9  Willis, G.C., 2012, Geologic map of the Hite Crossing-Dirty Devil River area, Glen Canyon National Recreation 

Area, Garfield and San Juan Counties, Utah: Utah Geological Survey Map 254DM, 1 plate, 12 p., scale 
1:62,500, GIS data. 

 
11  Willis, G.C., in preparation, Interim geologic maps of the Bullfrog, Halls Crossing, Halls Crossing NE, Ticaboo 

Mesa, and Knowles Canyon quadrangles, Glen Canyon National Recreation Area, Garfield and San Juan 
Counties, Utah: Utah Geological Survey Open-File Reports, scale 1:24,000. 

 
Willis, G.C., and Biek, R.F., 2001, Quaternary incision rates of the Colorado River and major tributaries in the 

Colorado Plateau, Utah, in Young, R.A., and Spamer, E.E., editors, Colorado River origin and evolution: 
Grand Canyon, Arizona, Grand Canyon Natural History Association, symposium volume, p. 119–124. 

Wolkowinsky, A.J., and Granger, D.E., 2004, Early Pleistocene incision of the San Juan River, Utah, dated with 
26Al and 10Be: Geology, v. 32, no. 9, p. 749–752. 
 
 



!
!
!
!
!
!

!
!
!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!
!

!
!

!
!
!
!

!
!

!
!

!
!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!
!

!
!
!

!
!

!
!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

1

2

1

8

6

1

1

4

Wahw eap B ay

Lake P owell
(C olorado R iver)

Lake P owell

A'

A

JnJc
Jp

Jp
Jc

Jp

Qes

Qea Jc
Qa l1

Qes
JcJc

Qa l1

Jp
Jp

Jp
Qm te

Qa e

Jc

Qes
Qea

Qes
Qes

Jp

Qfd

Qes

Qes

Qm te
Jc

Qes

Qes

QesJp

Jn

Qes
Jp

Qa l1

Qfd

Qes

Jp

Qea
Jc

Jp

Jc

Qes

Jc

Qfd

Qes

Qfd

Qm te

Qfd

Jc

Jn

Jn

Qea
Qm te JpJp

Qea

Qea

Qes
Qea Qa l1

Qes
Qes

Jp

Jc

Jn
Jn

Jp

Jc
Jp

Qea

Qm te

Jc

Qea

Qa e

Jp

Qes

Qea

Qea
Qa e

Qes

Qa e

Qes

Jn
Jc

Qfd

JpQfd

Qea

Qea

Jp

Qes

Qes
Jc JnQfdc

Qea

Qa ec Jp

QeaQea
Qes

Jc

Jc

Jc

Jn

Jp

Jp

Qfd

Jp

Qes

Qes

Jc

Qa t?

Qfd

Qfd

Qea

Jc
Jn

Jp

Jn
Qes

Jp
Qes

Qea

Qfd
Jp

Qes
Jc

Jc

Qes

QesQes

Jc

Jc

Jn

Jn

Jc

Qa t10
Qes

Qes

Jp

Qa t10

Qes

Jn

Qfd

Qes

Qes
QesJc

Qfd
Qfd

Jn
Qfd Qes

Qa t10
Jp

Qa ec

JcJp

Qfd

Qa t12

Jp
Jn

Jn

Qa t13

Jc

Qa ec

Qes
Jn

Je Je
Qa t8

Jc

Jp

Qa ec

Qa t9

Jp

JeJe

Je

Qes

Jc

Qea o

JcQa t10 Jc

Jp

Je

Jc Qes JnJc

Jp

Qa ec

Qa ec

Je
Je

Qea oJe Qa t8 Qes
Qa ec

Qa ec

Qa ec

Jp
Qfd

Qfd
Qa e

Jc

Qea o

Jn

Jc

Jc
Kd Je

Jc Qes

Je Jp

Qea o

Je

Jc

Qea Qea o
Qa ec

Qa ec
JeQea o JeQa t9

Jp
Qes JpQea o

Qfd Jn
JpJc

Jp

Qes
QesQfd Qa t10

Qa t8

Qa t8Qfd JcJe
Je

Qea

Kd Qa ec

Qa ec

Je

JcQa ec

Jp

Qea
Jn

Qfd

Jp

Je

Qa ec
Je

Jc

Qes

Qa ec
Qea o

Kd Qa t6
Qa t7

Jn
Qea o

Qea o

Qa ec

Qa t7Je

Qfd

Kd

Qa t6
Kd Je

Je
Qea o

Je
Je

Je

Qea

Qa ec

Qa ec

Qa ec

Qa t5
Je

Qea
Qa t6

Qa t5 Qa t4

Qa t5

Qa t2

Jp

Qes

Kd
Je

Je

Qa ec

Kd

Qea

Kd

Qa e

Qa t3
Qa t2

Qa l1

Qea

Jp

Jn

Qea

Lake Powell

Colorado River

Jn

JpJp

Qa t5

Je

Qea

JeQa ec

Qea

JeQa t5

Qa t4
Je

Qea

Qa t5

Qfd

Qa t5

Qa t5

Qea
Je

Qa t2

Qes

Qfd

Je

Qa t8

Je

Qa t10

Qfd
Qa t13

Qa t9

Qa t13

Qa t10
Jp

Jc
Qes

Jp

Jc

Jc

Qa t2

Qa t2

Lake Powell
High Water

Level 1128 m
(3700 ft)

4600

4700

45
00

44
00

4400

3900

4400

4400

4300
4300

430
0

4000

4000

4000

4000

4200

4200

4200

3300

4200

370
0

4100

4100

4100

4100

3800

3800

3800

3800

4300

3400

3500

3200

3200

3400

3400

3500

3500

3300

3300

3900

3900

39
00

3600

3600

3700

3700

111°37'30"W

111°37'30"W

111°35'0"W

111°35'0"W

111°32'30"W

111°32'30"W

111°20'0"W

111°20'0"W

111°30'0"W

111°30'0"W

111°27'30"W

111°27'30"W

111°25'0"W

111°25'0"W

111°22'30"W

111°22'30"W

37°2'30"N

37°0'0"N
37°0'0"N

36°57'30"N

36°55'0"N
36°55'0"N

37°2'30"N

36°57'30"N

Plate 1
Utah Geological Survey Open-File Report 607

Preliminary geologic map of the Glen Canyon Dam area

This open-file release makes information available to the public that may not conform to UGS technical, editorial, or policy standards; this
should be considered by an individual or group planning to take action based on the contents of this report. Although this product represents
the work of professional scientists, the Utah Department of Natural Resources, Utah Geological Survey, makes no warranty, expressed or
implied, regarding its suitability for a particular use. The Utah Department of Natural Resources, Utah Geological Survey, shall not be liable
under any circumstances for any direct, indirect, special, incidental, or consequential damages with respect to claims by users of this
product. For use at 1:24,000 scale only.
This geologic map was funded by the Utah Geological Survey and the National Park Service.  The views and conclusions contained in this
document are those of the author and should not be interpreted as necessarily representing the official policies, either expressed or implied,
of the U.S. Government.
This map was created from Geographic Information System (GIS) data; it contains many features that do not meet UGS cartographic
standards, such as automatically generated labels that may overlap other labels and lines.

Ba se from  U S GS  7.5’ qua dra ngles (1981-85)
Projection: U T M Z one 12  U nits: Meters

Da tum : N AD 1927  S pheroid: Cla rke 1866
Project Ma na ger: Robert F. Biek

GIS  a nd digita l ca rtogra phy: J. Buck Ehler
Utah Geological Survey

1594 West N orth T em ple, S uite 3110
P.O. Box 146100, S a lt L a ke City, U T  84114-6100

(801) 537-3300
geology.uta h.gov

0

1000

2000

3000

4000

5000 Stud Horse Point

Utah    Arizona

Wahweap Bay
Lake Powell Antelope Island Antelope Island Colorado River

Lake Powell Navajo Canyon
Lake Powell

A'A

Lake Powell

Eleva tion
(Feet)

Je
Jc

Jn

J^wm

^c

^m

Je Jc

Jn

J^wm

^c

^m

Jk
Jk

Jp JcJp Jc
Jp

KdKd

West a r e a  o f  o v e r l a p

W i l d  H o r s e  M e s a

Tower Butte

A"

Liilkiizh Shijei
(Labyrinth Canyon)

Tse Binjoobaahi Adeiyi Taah Hooti

R a i n b o w  P l a t e a u

Sei Biilikoon
(Sand Canyon)

Adah H iilini
(Waterfall Ridge) Arizona    Utah

West Canyon
Lake Powell

S urficia l deposits not shownU nd i v i d e d  Pa l e oz oi c  str a t a

Plate 1   Plate 2

0

1000

2000

3000

4000

5000

A'''
Eleva tion
(Feet)

Face Canyon
Lake Powell

Je
Jc

Jn

J^wm

^c

^m

Je
Jc

Jm

Je
Jc

Je
Jc

Jn

J^wm

^c

^m

JkJk

Jp

Jr JmJr Jm

JpJp JcJp

Jr

Jp

Jm

Jp
Jr

Jp

Jn

J^wm

^c

^m

Easta r e a  o f  o v e r l a p

APPROX IMAT E MEAN
DECL IN AT ION , 2012

11°13'

TR
UE

  N
OR

TH
MA

GN
ET

IC
  N

OR
T H

Pla
te 

1
Pla

te 
2

Pa geFerry S wa le

L one Rock

Fa ce Ca nyon

Gregory Butte

L ees Ferry

Gunsight Butte

Wild Horse Mesa

White Dom e

Wa rm  Creek Ba y

L eche-e Rock Ceda r T ree Bench

111°7'30"W

111°7'30"W

111°15'0"W

111°15'0"W

111°22'30"W

111°22'30"W

111°30'0"W

111°30'0"W

111°37'30"W

111°37'30"W

37°0'0"N 37°0'0"N

36°52'30"N 36°52'30"N

Index to pla tes 1 a nd 2 of this m a p a nd U .S . Geologica l S urvey 7.5' qua dra ngles

Utah

Arizona

UTAH GEOLOGICAL SURVEY
a division of
Department of Natural Resources
in cooperation with the
National Park Service

0 1 2 3 4 5 60.5
MIL ES

0 5000 10000 15000 20000 25000 30000
FEET

0 1 2 3 4 5 6 7 80.5
KIL OMET ERS

CON T OU R IN T ERVAL  20 AN D 40 FEET
S T RU CT U RAL  CON T OU R IN T ERVAL  100 FEET

1:24,000S CAL E

PRELIMINARY GEOLOGIC MAP OF THE GLEN CANYON DAM AREA,
GLEN CANYON NATIONAL RECREATION AREA, COCONINO COUNTY,

ARIZONA, AND KANE AND SAN JUAN COUNTIES, UTAH
by

Grant C. Willis
2012

Kane
 County

San J
uan C

ounty



!

!
!

!

!
!

!
!

!

!
!

!
!

!
!
!

!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!
!
!

!
!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!

!
!
!
!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! ! ! ! ! ! !

! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! !

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!
!

!
!

!
!
!
!
!

!
!

!
!
!
!

!
!

!
!

!
!

!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!
!

!
!

!

2 1

Lake P owell

A'''

A''

Qes
Qa e

Jn

Qes

Qes
Qes

Qes

Qes

QesQes
Jn QesQes

QesJc

Jc

Jc

Jp

Qes

Qes Qes

Qes

Qes

Qes

Qes
Jn

Qes

Qm te
Qes Jm

Jm
Qm teQm te

Jn

Qes

Qes

Qes
Jn

Jp

Jn

Jc Qm teQes
Jn

Jc Je
Qes

Jn
Qm te

QesJpJc

Qm teJp Jn Jn

JnQes

Jc

Jp

Qes
Jn

Jc

Jp

Qm te
Jn

Jp

Jc

Jn

JpJc
Jp

Qm te
Jn

Qes

JnJn

Jp

Jc

Jp

Jn

Jc
JeJn Qes JmJc

JnQm te

Jp

Jp Jc

Jp

Qes
Qa ecJe

Jc

Qm te

Qes

Jc

Qm te

Jp

Jc

Qm teJn Qa ec

Jc

Jm

Qes

Jc

Jn

Qm te
Jm

Jr

Jm
Qes

Qes

Jn Jn

Qm te
Jm

Je

Qes
Je

Jn

Jp

Qm te Qes
Qm te

Qm te
QesJm

Jr

JnQes

Jc

Jm

Jn

JnQm te
Jp

Jp

Qes

Jc

Jc Qes

JnQes

Qm te

QesQes

Qes

Je

Qes

Qes

Qes Qes

Je

Qm teQes
Je Qes

Qes Qm teQes
Qes

Qes
Qes

Qm te

Je Jm

Qes

Qes

Jp

Qes Qm te

Qes

Jn

Qm teQes
JnQes

Qes

Jn

Qes
Qm te

Jm

Jc

Qm te
Jn Qm te

Jm
Jn

Jc

Jn
Jc

Qes

Qes
Qa ec

Qm teQes

Qes

Qes
Jc

Qm te Qes
JmQea

Qm te
Qm te

Jn

Qm te

Jc

Lake Powell

Je

Jp

Qes

Jn

Qes

Jp

Jp

Qes

Jn

Jp

Jc

Qes

Qes

Jn

Qes

Jn

Qes

JcJe

Qm te

Jp

Je
QesQea

Qa e

Qes

Qes

Jm

Jp

Jn

Jm

Qm te

Qm te

Qes

Je

Jc

Qm te

Jp

Je

Jn

Jn

Qea

Je

Jp

Qes

Jc

Jc

Jn

Jp

Jp

Jp

Jn

Jp

Jp

Qea

Jn

Jp

Jn

Jp

Jc

Qes

Jn

Jp

Jc
Jn

Jp

Je
Qm te

Jc

Jp

Jn Jc
Jc

Jp

JpJn

Jn

Jr

Qm te

Qm te

Jp

Jp

Qes

Jr

Qa ec

Jr

Qa t8

Jr

Jr

Jr

Jr

Jn

Jn

K ane County

S an Juan County

Lake Powell
High Water

Level 1128 m
(3700 ft)

We st Can yo n

4000

4400

4400

4100

4100

4200

4500
4500

4100

4000

3700

4100

3900

3900

4800

4800

4700
4700

4000

4000

4300

4300

3800

3800

4200

4200

4600 4600

5000

4900

111°12'30"W

111°12'30"W

111°15'0"W

111°15'0"W

111°17'30"W

111°17'30"W

111°10'0"W

111°10'0"W

111°7'30"W

111°7'30"W

37°0'0"N

36°57'30"N 36°57'30"N

36°55'0"N 36°55'0"N

36°52'30"N
36°52'30"N

T ower Butte (right), Boun da ry Butte (left of cen ter),
a n d Leche-e Rock (dista n t cen ter) form  prom in en t
b uttes tha t protrude a b ove the Ra in b ow Pla tea u.  All
a re com posed of En tra da  Sa n dston e ca pped b y
Rom a n a  Sa n dston e a n d M orrison  Form a tion .

Glen  Ca n yon  Da m , which towers 583 feet (178 m ) a b ove the Colora do
River, is a n chored to Na va jo Sa n dston e.

Pla
te 

1
Pla

te 
2

Pa geFerry Swa le

Lon e Rock

Fa ce Ca n yon

Gregory Butte

Lees Ferry

Gun sight Butte

Wild Horse M esa

White Dom e

Wa rm  Creek Ba y

Leche-e Rock Ceda r T ree Ben ch

111°7'30"W

111°7'30"W

111°15'0"W

111°15'0"W

111°22'30"W

111°22'30"W

111°30'0"W

111°30'0"W

111°37'30"W

111°37'30"W

37°0'0"N 37°0'0"N

36°52'30"N 36°52'30"N

In dex to pla tes 1 a n d 2 of this m a p a n d U .S. Geologica l Survey 7.5' qua dra n gles

Utah

Arizona

APPRO XIM AT E M EAN
DECLINAT IO N, 2012

11°13'

TR
UE

  N
OR

TH
M A

GN
ET

IC
  N

O R
T H

This open-file release makes information available to the public that may not conform to UGS technical, editorial, or policy standards; this
should be considered by an individual or group planning to take action based on the contents of this report. Although this product represents
the work of professional scientists, the Utah Department of Natural Resources, Utah Geological Survey, makes no warranty, expressed or
implied, regarding its suitability for a particular use. The Utah Department of Natural Resources, Utah Geological Survey, shall not be liable
under any circumstances for any direct, indirect, special, incidental, or consequential damages with respect to claims by users of this product.
For use at 1:24,000 scale only.
This geologic map was funded by the Utah Geological Survey and the National Park Service.  The views and conclusions contained in this
document are those of the author and should not be interpreted as necessarily representing the official policies, either expressed or implied, of
the U.S. Government.
This map was created from Geographic Information System (GIS) data; it contains many features that do not meet UGS cartographic
standards, such as automatically generated labels that may overlap other labels and lines.

Ba se from  U SGS 7.5’ qua dra n gles (1981-85)
Projection : U T M  Z on e 12  U n its: M eters

Da tum : NAD 1927  Spheroid: Cla rke 1866
Project M a n a ger: Rob ert F. Biek

GIS a n d digita l ca rtogra phy: J. Buck Ehler
Utah Geological Survey

1594 West North T em ple, Suite 3110
P.O . Box 146100, Sa lt La ke City, U T  84114-6100

(801) 537-3300
geology.uta h.gov

Plate 2
Utah Geological Survey Open-File Report 607

Preliminary geologic map of the Glen Canyon Dam area

Glen

Canyon
National

Recreation

Area

111° 110°

37°

38°

37°30'

38°30'

U T AH
ARIZ O NA

Glen  Ca n yon  Da m

Bla n din g

Bluff

Esca la n te

Sm oky M oun ta in

Loa

Na va jo M oun ta in

Ha n ksville
La  Sa l

Hite Crossin g

Ka yen ta Rock
Poin t

5

10

7

1

8

13
9

4

6

2

11

UTAH GEOLOGICAL SURVEY
a division of
Department of Natural Resources
in cooperation with the
National Park Service

0 1 2 3 40.5
M ILES

0 5000 10000 15000 20000
FEET

0 1 2 3 4 5 60.5
KILO M ET ERS

CO NT O U R INT ERV AL 20 AND 40 FEET
ST RU CT U RAL CO NT O U R INT ERV AL 100 FEET

1:24,000SCALE

PRELIMINARY GEOLOGIC MAP OF THE GLEN CANYON
DAM AREA, GLEN CANYON NATIONAL RECREATION

AREA, COCONINO COUNTY, ARIZONA, AND KANE AND
SAN JUAN COUNTIES, UTAH

by
Grant C. Willis

2012

Contact

Norm al fault– d ashe d  whe re  ap p roxim ate ly
locate d ; d otte d  whe re  conc e ale d ; b ar and
b all on d ownthrown sid e

S tructural contours– d rawn on top  of Page
S and stone ; d ashe d  whe re  p roje cte d  ab ove
ground  surface ; contour inte rval 100 fe e t (30 m )

Anticline – d ashe d  whe re  ap p roxim ate ly locate d ;
d otte d  whe re  conc e ale d

S yncline – d ashe d  whe re  ap p roxim ate ly locate d ;
d otte d  whe re  conc e ale d

Bound ary of Gle n Canyon National Re cre ation
Are a

Cross se ction line

S trike  and  d ip

Joint– ne ar-ve rtical

A'A

! ! ! ! ! ! ! ! ! !!

5

Map  S ym b ols

! ! ! ! ! ! ! ! ! !!

! ! ! ! ! ! ! ! ! !!

1    Billingsle y, G.H., Huntoon, P.W., and  Bre e d , W.J., 1987, Ge ologic m ap  of Cap itol Re e f National Park and  vicinity, Em e ry, Garfie ld , K ane , and  Wayne  Countie s, 
U tah:  U tah Ge ological and  Mine ral S urve y Map  87, scale  1:62,500.  Ge ograp hic Inform ation S yste m  (GIS ) d ata - 
http s://irm a.np s.gov/Ap p /Re fe re nc e /Profile /2170728. 

2    Doe lling, H.H., and  Willis, G.C., 2006, Ge ologic m ap  of the  S m oky Mountain 30' x 60' q uad rangle , K ane  and  S an Juan Countie s, U tah, and  Coconino County, 
Arizona: U tah Ge ological S urve y Map  213, 2 p late s, scale  1:100,000.  GIS  d ata - U GS  Map  213DM p ub lishe d  in 2008. 

      Also se e : Doe lling, H.H., and  Davis, F.D., 1989, T he  ge ology of K ane  County, U tah, ge ology, m ine ral re source s, ge ologic hazard s:  U tah Ge ological and  Mine ral 
S urve y Bulle tin 124 (also p ub lishe d  se p arate ly as U GMS  Map  121), 10 p late s, 192 p ., scale  1:100,000.  

3    Doe lling, H.H., and  Willis, G.C., 1999, Inte rim  ge ologic m ap  of the  Escalante  and  p arts of the  Loa and  Hite  Crossing 30' x 60' q uad rangle s, Garfie ld  and  K ane  
Countie s, U tah: U tah Ge ological S urve y Op e n-File  Re p ort 368, 2 p late s, 19 p ., scale  1:100,000.  

4    Doe lling H.H., and  Willis G.C., 2007, Ge ologic m ap  of the  lowe r Escalante  Rive r are a, Gle n Canyon National Re cre ation Are a, e aste rn K ane  County, U tah: U tah 
Ge ological S urve y Misce llane ous Pub lication 06-3DM, GIS  d ata, 1 p late , 8 p ., scale  1:100,000. 

5    Huntoon, P.W., Billingsle y, G.H., Jr., and  Bre e d , W.J., 1982, Ge ologic m ap  of Canyonland s National Park and  vicinity, U tah:  Moab , U tah, Canyonland s Natural 
History Association, scale  1:62,500.  GIS  d ata - http s://irm a.np s.gov/Ap p /Re fe re nc e /Profile /1049061. 

      Also se e : Doe lling, H.H., 2004, Ge ologic m ap  of the  La S al 30'x60' q uad rangle , S an Juan County, U tah:  U tah Ge ological S urve y Map  205, 2 p late s, scale  
1:100,000.  GIS  d ata - U GS  Map  205DM p ub lishe d  in 2006. 

6    Phoe nix, D.A., 2009, Ge ologic m ap  of p art of the  Le e s Fe rry are a, Coconino County, Arizona (d igitize d  and  m od ifie d  from  p late  1 of U .S . Ge ologic al S urve y 
Bulle tin 1137, 86 p ., scale  1:24,000, p ub lishe d  in 1963): U tah Ge ological S urve y Misce llane ous Pub lication 09-2DM, GIS  d ata, scale  1:24,000. 

      Also se e : Billingsle y, G.H., and  Prie st, S .S ., 2012 in p re ss, Ge ologic Map  of the  Gle n Canyon Dam  30' x 60' q uad rangle , Coconino County, Northe rn Arizona: U .S . 
Ge ological S urve y S cie ntific Inve stigations Map . 

7    T had e n, R.E., T rite s, A.F., Jr., Finne ll, T .L., and  Willis, G.C., 2008, Ge ologic m ap  of the  White  Canyon-Good  Hop e  Bay are a, S an Juan and  Garfie ld  Countie s, 
U tah (d igitize d  and  m od ifie d  from  U .S . Ge ological S urve y Bulle tin 1125, p ub lishe d  in 1964): U tah Ge ological S urve y Misce llane ous Pub lication 08-3DM, GIS  
d ata, scale  1:100,000. 

8    Willis, G.C., 2004, Inte rim  ge ologic m ap  of the  lowe r S an Juan Rive r are a, e aste rn Gle n Canyon National Re cre ation Are a and  vicinity, S an Juan County, U tah: 
U tah Ge ological S urve y Op e n-File  Re p ort 443DM, GIS  d ata, scale  1:50,000.  

9    Willis, G.C., 2012, Ge ologic m ap  of the  Hite  Crossing – lowe r Dirty De vil Rive r are a, Gle n Canyon National Re cre ation Are a, Garfie ld  and  S an Juan Countie s, 
U tah: U tah Ge ological S urve y Map  254DM (GIS  d ata), 1 p late , 14 p ., scale  1:62,500. 

10  T his m ap . 
11  Willis, G.C., in p re p ., Inte rim  ge ologic m ap s of the  Bullfrog, Halls Crossing, Halls Crossing NE, T icab oo Me sa, and  K nowle s Canyon q uad rangle s, Gle n Canyon 

National Re cre ation Are a, Garfie ld  and  S an Juan Countie s, U tah: U tah Ge ological S urve y Op e n-File  Re p orts, GIS  d ata, scale  1:24,000. 
 

Printe d  and  GIS  d atab ase  file s for U GS  m ap s availab le  at the  Utah Department of Natural Resources Map and Bookstore: 
UGS website: www.ge ology.utah.gov Bookstore website: www.m ap store .utah.gov; email: b ookstore @utah.gov; phone: (801) 537-3320 


