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Figure 5. Distribution o{"marine (clear) and �n�o�~�-�m�a�r�i�n�e� 
(stippled) deposits of middle Jurassic age (Bajocian), after 
initial transgressive phases of Carmel-Twin Creek Sea. 
Position of San Rafael Swell shown by ruled lines; extents 
of Judd Hollow Tongue and Thousand Pockets Tongue shown by 
dashed lines. Outer line designates present limits of 
Jurassic sediments. (Modified from Imlay, 1957). 
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resulted in shoreline deposition for a short period at Muddy Creek and 

possibly at Bell Canyon (sections £ and ~ respectively). 

At the end of the major transgression, a shoreline at the southern 

edge of the Swell was formed. This shoreline probably trended northeast

southwest. In the southern portion of the Swell, a clastic wedge was 

deposited, while brief deposition of clastics in the northern Swell 

was quickly succeeded by deposition of a carbonate sequence that 

thickened northward. 

A later broad tectonic movement, or a possible differential deposition 

of carbonate material, caused an oolitic shoal to form just offshore. 

In Buckhorn Wash, a bar or island forming there caused a barren, ripple

marked calcarenite to form. A thriving, but impoverished community 

developed widely on the oolite shoal, probably from migrations from 

farther north where the Twin Creek Formation was being deposited, as 

shown by the similarity of faunas (Sohl, 1965, p. 13). 

A slight subsequent regression of the sea (or progradation of the 

beach) caused mudstones to be deposited in the southern Swell, covering 

oolitic limestones as far north as section D. 

Another major transgression of the sea moved the shoreline much 

farther south (possibly to the Utah Border), and caused thick sequences 

of calcisiltite to be deposited in the Swell. In section ~, an oolitic 

shoal formed, and persisted for some time. Restriction of circulation due 

to bars, islands, or reflux conditions caused gypsum to be deposited 

locally. The sequence above the oolite shoal (excluding the one at 

Buckhorn Wash) is thought to be equivalent to the lowermost beds of the 

Judd Hollow Tongue of Wright and Dickey (1963). 

There is no well known modern equivalent of the Carmel sea. Imlay 
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(1957, p. 501) compared the upper Carmel Formation to the Florida-Bahama 

region for depositional characteristics, and compared the whole Carmel 

sea to the Java Sea and the southern portion of the South China Sea for 

shallowness. However, there are few known places today with a shallow 

carbonate sea surrounded by extensive low-relief deserts. An analog 

of the Carmel sea would be produced if the Mediterranean Sea transgressed 

over the Sahara desert. The reworked dune sands of the desert would 

supply a basal sheet of sand overlain by thin, fine-grained clastics, 

and then by carbonate sediments. 



CONCLUSIONS 

Several conclusions based on the present study of the lowermost 

Carmel Formation seem justified: 

(1) The initial Carmel-Twin Creek transgression was swift, but 

neither abrupt nor catastrophic. Imlay (1957, p. 474) stated that the 

earliest invasion of the Jurassic sea proceeded south from Alaska to a 

point near Fernie, British Columbia, near the end of Navajo time. There

after, within a short period, the sea transgressed southward from British 

Columbia to Arizona. Furthermore, churned beds and large marine scours 

are missing along the planar top of the Navajo Formation, so that the 

shoreline probably did not remain long in anyone place. 

(2) The Carmel sea was warm. Thick beds of carbonate deposition, 

oolites, and evaporites occur only in warm, shallow seas today. The 

ratio of epifaunal animals to infaunal animals (Thorson, 1957, p. 464) 

further suggests a tropical sea, although other factors also can control 

this ratio. 

(3) The fossiliferous zones represent energy environments that 

range from high to low. The basal sandstone is coarse grained, and 

represents high-energy conditions. The red calcisiltite of the northern 

Swell is fine-grained, and probably represents low-energy conditions. 

The oolitic limestones imply a shoal somewhat above wave base, and 

therefore, medium-energy conditions. 

(4) Communities show progressive diversity with time. The first 

assemblages, of Trigonia and Ophiomorpha, were characterised by lack of 

diversity on both generic and specific levels. The small biomass of 
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fossils, and the position in the top of the basal sandstone, suggest 

that these were communities just established before they were extinguished. 

The Camptonectes platessiformis assemblage shows more diversity of 

genera, but a small number of species. The large biomass of ~o 

platessiformis White with other, subordinate, elements suggests a 

community better established than the sand assemblages, but with few 

predators or vascular plants present. 

The Camptonectes stygius assemblage shows approximately the same 

diversity as the £. platessiformis community, except that subordinate 

elements are more common. The £. platessiformis assemblage probably 

represents quiet water near or below wave base, whereas the C. stygius 

assemblage probably represents a well established community in shoal 

conditions, perhaps far from shore, with abundant plants, and with 

occasional exposure to air. 

(5) The fossils in the communities were transported short distances. 

The lack of diversity of size ranges in all the communities, and disarti

culation of shells suggest that currents or wave agitation removed 

smaller, lighter members of the communities, leaving larger or heavier 

members. Or, the same physical agents may have washed the larger elements 

in from elsewhere. However, lack of breakage shows that transportation 

was not far. Conversely, uniform size ranges could indicate cyclic 

spawning periods. 

This study of the Carmel Formation defines some of the environmental 

parameters of an epeiric sea in an arid area. Other such studies, and 

closer study of the Carmel and Twin Creek Formations can only uncover 

even more interesting and useful facts about shallow, interior seas 

of the past. 
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Measured Geologic Sections 

The nine sections measured are designated by letters from A to I, 

beginning clockwise from Buckhorn Wash in the north of the San Rafael 

Swell, and ending at Justensen Flats in the west. Sections were measured 

up to thick monotonous calcisiltite sequences, or up to the top of the 

exposed section. Thicknesses thus range from 37 to 133 feet. 

Measurements were made with a folding rule marked in inches and tenths. 

Covered intervals were trenched; such intervals and slumped sequences 

were traversed by means of a Jacobs staff and Brunton Compass. Color 

notations are those of the Munsell Rock Color Chart. Exposures of all 

measured sections were in good condition in the autumn of 1967. 
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Carmel Formation: SectionwA, exposure in north side of Buckhorn 
Wash, 0.25 mile east of road intersection at upstream entrance to Wash; 
Lat. 3909'30"N, Long. 110044'5B''W; SW/4, NE/4, Sec. 13, RIDE, T19S. 

Thickness 
(Feet) 

Erosional top of section 

10. Db1.itic limestone, light gray(N7), raindrop impressions, 
parallel bedding 4 to 6 inches thick, fossiliferous: 
chiefly Camptonectes stygius White. ......... 10.0 

9. Calcisiltite, gray green (5G 6/1), fissile, contains 
colored silicate nodules, becomes nodular at upper 
contact; slope-former . . . . . . . . 21.0 

B. Anhydrite, abundant gypsum stringers, very dark 
red (5R 2/6) . . . . . . . . . . . . . . . 0.25 

7. Gypsum, white (N9), weathers very light gray (NB), 
fissile, forms small step. ........ 3.0 

6. Anhydrite, abundant gypsum stringers, very dark 
red (5R 2/6) . . . . . . . 4.5 

5. Calcarenite, moderate brown (5YR 5/4), gypsum stringers 
in upper 2 feet, fissile, current ripples on bedding 
surfaces, casts with appearance of fossils; cliff-
former. .................... 10.0 

4. Siltstone, unconsolidated, gr~y green (5G 6/1), 
fissile, plates average 0.25 inch wide, .01 inch 
thick; plates of sand, 0.5 inch thick, 3.0 inches 
wide contain casts with appearance of fossil 0.25 

3. Calcisiltite, sandy, moderate red (5R 5/4), locally 
medium gr~ (N5), calcitic vugs, bedding obscure, 
abundant Camptonectes platessiformis White in 
upper and lower portions, very abundant in middle 
portion, gradational base . . . . . . . . . . . . 11.25 

2. Siltstone, fine sandy, gr~ green (5G 6/1), ripples, 
fissile at top . . . . . . . . . . . . . . .. 0.5 

1. Sandstone, quartzose, medium-grained, calcite cement 
and some dolomite veins that extend into underlying 
Navajo Formation; grayish orange (lOYR 7/4) to pale 
yellowish orange (lOYR B/6), parallel laminae and 
bedding; rare Trigonia 0.25 

Total . . . 61.0 

Navajo Formation 
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Carmel Formation: Section B, exposure in west wall of small, south
draining tributary of Buckhorn Wash, next to east-west road across north 
part of Swell; Lat. 39010'24"N, Long. 110043'45"W; NW/4, NW/4, Sec. 17, 
RIlE, T19S. 

Covered interval to crest of hill. . .. 

lB. Calcisiltite, light gray (N-7), parallel bedding 
4 to 6 inches thick, interference ripples .... 

17. Calcisitite, with clay admixture, grayish orange 
(lOYR 7/4) .••.............. 

16. 

15. 

14. 

13. 

12. 

11. 

10. 

9. 

B. 

7. 

6. 

Calcareni te, light nrownish gray, (5YR 7/6), 
parallel bedding 4" inches to 1 f60t thick, 
interference ~ipples; cliff-former . . . . . 

Calcisiltite, oolitic, medium gray (N-5), 
blocky"parallel bedding, ripple marks with 
o~lites on ripple crests; cliff-former. 

Calcilutite, medium gray (N-5), parallel 
bedding; slope-former. . . . . ... 

Oolitic limestone, rounded clasts of 
carbonate material, broken fossils common; 
~i:ght':olive gray (5Y 6/1); slope-former .. 

Calcilutite, dense, medium gray (N-5); 
slope-former . . . . . . . 

Calcisiltite, light olive gray (5Y 6/1), 
block~ uncommon Pronoella; slope-former. 

Oolitic limestone, light gray (N7), bedding 
obscure, common Camptonectes stygius White; 
cliff-former . . . . . . . . . . . . . . . . 

Sandstone, quartzose, medium-grained, dark 
yellowish green (lOGY 4/4), bedding obscure, 
local cross-strata, rare Pronoella . . . . . 

Anhydrite with gypsum stringers, very dark 
red (5R 2/6), locally white; slope-former. 

Gypsum, white, (N9), locally gray (NB), 
fissile; slope-former. . .. . ... 

Anhydrite with gypsum stringers, very dark 
red (5R 2/6); slope-former ....... . 

Thickness 
(Feet) 

4.0 

B.O 

13.75 

B.O 

6.25 

1.25 

2.25 

0.5 

1.25 

10.0 

21.0 

0.25 

3.0 

4.5 



5. 

Section B (continued) 

Calcarenite, rare gypsum stringers in upper 
portion: moderate brown (5YR 5/4), fissile, 
ripples; cliff-former ........ . 

4. Siltstone, gray green (5G 6/1), plates of 
sand contain casts with appearance of fossils. 

3. Calcisiltite, moderate red (5R 5/4), calcite
lined vugs, abundant Camptonectes platessiformis 
White in middle portion, gradational base .. 

2. Siltstone, minor sand, fissile at top, gray 
green (5G 6/1) . • .......... . 

1. Sandstone, quartzose, medium-grained, parallel 
bedding, calcite cement, dolomite veins, 
grayish orange (lOYR 7/4), pale yellowish 
orange (lOYR 8/6). 

Total . . . 

Navajo Formation 

Thickness 
(Feet) 

10.0 

0.25 

11.0 

0.5 

0.25 

106.0 
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Carmel Formation: Section C, exposure in north side of east-flowing 
tributary to Joe Hole Wash, 750 feet north of east-west road across north 
part of Swell; Lat .. 39°10' 36"N, Long. 110031'25"W; SW/4, SW/4, Sec. 12, 
RI2E, TI9S. 

Erosional top of section 

12. Calcilutite with calcisiltite, light brownish gray 
(5YR6/1) , parallel bedding local ripples, 

Thickness 
(Feet) 

fissile, rare fossil-~ike casts . . . . . .... 14.0 

11. 

10. 

Calcisiltite, grayish orange (10YR7/4) 
parallel bedding, parallel laminae weather 
into plates; slope-former ........ . 

Calcisiltite, minor clay 
greenish gray (5G6/1), thinly laminated .. 

9. Calcisiltite, light brownish gray (5YR6/1), 
very thinly lamina~ed, fissile to platy; 

4.0 

1.0 

slope-former . . . . . . . . . . . . . . . . . 16.5 

8. Oolitic limestone, light gray (N-7), 
common Camptonectes stygius White; 

7. 

6. 

cliff-former . . . . . . 

Calcisiltite, light gray (N-7), thin parallel 
bedding and laminae, rare fossils, worn and 
weathered Camptonectes spp.; slope-former .. 

Calcilutite, medium light gray (N":'6), common 
fossils; cliff-former ........... . 

5. Calcisiltite, light'olive gray (5Y6/1), paraliel 
bedding; cliff-former . . . . . . 

4. Calcisil ti te, light brownish g:ray (5YR6/1), interfer'ence 

1.5 

2.0 

.5 

3.5 

ripples, rare Pronoella sp.; cliff-former. . . . . . . . 4.5 

3. 

2. 

Calcisiltite, dusky red (5R3/4), parallel 
bedding and laminae; slope-former .... 

Calcisiltite, grayish orange (10YR7/4), and 
dusky red (5R3/4), thin bedding and laminae, 
granular appearance; slope-former ..... . 

1. Sandstone, quartzose, medium-to fine-grained, 
calcite cement, dark yellowish orange (10YR6/6), 
parallel bedding, nearly paralled laminae; cliff-former 

Total . . . . . . . . 

Navajo Formation 

4.5 

3.25 

4.5 

60.25 
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Carmel Formation: Section D, exposure in north side of Black Dragon 
Wash, 100 feet north of graded road, Lat. 38 0 51' 14"N, Long. 1100 27' 07"W; 
NE/4, NE/4, Sec. 6, T22S, R14E. 

26. 

25. 

Erosional top of section 

Calcarenite, fine-grained, g~ayish orange 
(10YR7/4), thin bedding, laminae wavy parallel; 
some burrows in basal portion . . . . . . . . . 

Calcisiltite, grayish orange (10YR7/4), churned; 
gypsum stringers perpendicular to bedding . . . . 

24. Siltstone, calcareous; yellowish gray (5Y7/2), 
with pale brown streaks (5YR5/2); slope-former 

23. 

22. 

21. 

20. 

19. 

18. 

17. 

16. 

15. 

Siltstone, fine sandy, grayish orange (10-lR74), 
wavy parallel to wavy non-parallel bedding, 
shallow scours, ripples; slope-former ..... . 

Siltstone, dusky yellow (5Y6/4), thin 
bedding, wavy parallel laminae; cliff-former 

Calcisiltite, local gypsum stringers parallel 
to bedding; grayish orange (10YR7/4) wavy 
parallel bedding, thin laminae .... 

Calcisiltite, gr~yish orange (10YR7/4), 
wavy parallel bedding; cliff-former 

Siltstone, locally oolitic, grayish orange 
(10YR7/4j;Slope-former 

Oolitic limestone, dusky yellow (5Y6/4), 
massive; cliff-former 

Silt, unconsolidated, dusky yellow 
(5Y6/4), churned; slope-former 

Oolitic limestone, dusky yellow (5Y6/4), churned, 
uncowmon Camptonectes sp.; cliff-former ..... 

Oolitic limestone, dusky yellow (5Y6/4), 
unfossiliferous; slope-former ..... . 

14. Calcilutite, light g~ay (N7), parallel to 
nonparallel bedding 0.25 to 0.75 foot thick, 
unidentifiable fossils in upper part, 
interference ripples 

Thickness 
(Feet) 

7.5 

4.5 

2.0 

0.5 

9.25 

6.0 

0.5 

4.0 

1.25 

1.0 

0.5 

0.75 

3.0 



Section D (continued) 

13. Calcilutite, silty yellowish gray (5Y7/2), 
stylotites at upper contact with overlying 
bed; cliff-former . . . . . . . . . . . 

12. Silt, find sandy, calcareous; yellowish gray (5Y7/2), 
wavy parallel bedding with interference ripples; 

11. 

10. 

g. 

slope-former . . . . . . . . . . . . 

Siltstone, very calcareous, light brown (SYR6/4), 
wavy parallel to nonparallel bedding, flat-topped 
ripples; cliff-former ........... . 

Silt, fine sandy, calcareous, grayish orange 
(10YR7/4), wavy parallel bedding; 
slope-former . . . . . . . . . 

Calcarenite, fine-grained, fine sandy siltstone 
at base, very sandy throughout, dusky red 
(SR3/4); slope-former. . . .. . ..... 

8. Siltstone, unconsolidated, fissile, plates 0.01 
inch thick, O.S inch wide, variegated, dusky 
red (5R3/4) and grayish orange (10YR7/4); 

7. 

6. 

5. 

4. 

3. 

slope-former 

Sandstone, quartzose, fine - to medium-grained; 
light olive brown (5Y5/6); 
slope-former . . . . . . . . . . . . . . . . . 

Sandstone, quartzose, fine - to medium-grained; 
poorly consolidated, grayish orange (lOYR7/4); 
slope-former . . . . . Q • • • • 

Silt, variegated medium dark gray (N4), light 
olive (5Y5/6), and brown and dusky red (5R3/4), 
unconsolidated; slope-former . Q • • • • 

Sandstone, quartzose, fine-grained, moderate 
olive brown (SY4/4), wavy parallel bedding; 
cliff-former . . . . . . . . . . . . . 0 • • • 

Silt and sand; poorly consolidated; medium dark 
gray (N4), light olive brown (5Y5/6) and 
dusky red (SR3/4); slope-former ....... . 

61-

Thickness 
(Feet) 

1.0 

0.25 

2.5 

0.5 

2.5 

0.7S 

0.5 

0.75 

1.0 

1.0 

3.5 



Section D (continued) 

2. Sand, quartzose, fine-grained, unconsolidated, 
bluish white (5B9/1); slope-former .... 

1. Silt and sand, poorly consolidated, bluish 
white (5B9/1); some clay admixture .... 

62 

Thickness 
(Feet) 

0.25 

2.5 

Total ............................. 57.75 

Navajo Formation 
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Carmel Formation: Section E, exposure in south side of Straight Wash, 
0.2S mile south of stream bed, on jeep trail; Lat .. 38°4S'44"N, long. 110° 
29'47"W; SW/4, NW/4, Sec. 3S, R13E, T23S. 

24. 

Erosional top of section 

Calcisiltite, greenish gray (SGY6/1), 
parallel bedding; slope-former ..... 

23. Calcilutite, pale red (10R6/2), parallel 
bedding and laminae, irregular base; cliff-former 

22. Calcisiltite, some silt and clay, pale red 
(10R6/2); slope-former ..... . 

21. Calcisiltite, moderate red (SRS/4), parallel 

Thickness 
(Feet) 

2.0 

O.S 

2.7S 

bedding, interference ripples; cliff-former . . . . .... 0 . 7 S 

20. Calcisiltite, pale red (10R6/2), poorly 
consolidated; slope-former . . . . ... 

19. Calcisiltite, grayish red (SR4/2), bedding 
obscure, rare Camptonectes sp.; cliff-former 

18. Calcisiltite, medium light gray (N~6), parallel 
bedding, interference ripples; cliff-former 

17. 

16. 

IS. 

Calcisiltite, moderate red (SRS/4), wavy 
parallel bedding and laminae; rare 
Camptonectes and Vaugonia; cliff-former 

Calcisiltite, some silt and clay, moderate 
reddish orange (10R6/6), moderately consolidated 

Calcisiltite, mudstone-calcilutite interbeds and 
lenses light red (SR6/6), parallel 
bedding, interference ripples; cliff-former 

14. Calcisiltite, moderate red (SRS/4), parallel 

6.0 

0.7S 

1.2S 

3.0 

1.0 

2.S 

bedding and laminae; cliff-former . . . . . . . . . . .. 3.0 

13. 

12. 

11. 

I 

Calcisiltite, light red (SR6/6), parallel 
bedding; cliff-former ......... . 

Calcisiltite, light gray (N7), very hard parallel 
bedding, interference ripples; cliff-former 

Mudstone, moderate red (SRS/4), parallel bedding, 
unit slumped and rotated northwards, well 
consolidated but not a cliff-former . . . . . . . 

1.0 

2.S 

7.0 



Section E (continued) 

10. 

9. 

8. 

7 • 

6. 

5. 

4. 

3. 

Oolitic limestone, moderate red (5R5/4), 
interference ripples, common, Camptonectes 
stygius White; cliff-former ...•..... 

Sandstone, quartzose, medium-grained, calcite 
cement; grayish orange (10YR7/4), churned; 
cliff-former . . . . . • • . . . • . . . . • 

Sandstone, quartzose, fine-to medium-grained, 
calcareous, grayish orange (10YR7/4), 
irregular bedding, churned, cliff-former 

Calcilutite, yellowish gray (5Y7/2), parallel 
bedding; cliff-former . . . . . . . 

Mudstone, calcareous, yellowish gray (5Y7/2), 
parallel bedding; slope-former •••.... 

Mixed siltstone, fine-grained sandstone, and 
mudstone; calcareous, dark yellowish orange 
(10YR6/6), more friable, unconsolidated, and 
calcareous upward; slope-former . . . . . . . 

Sandstone, quartzose, fine-to medium-grained, 
dark yellowish orange (10YR6/6), irregular 
bedding; slope-former . . . . . . . • . . . . . 

Sandstone, quartzose, fine-grained, calcareous, 
dark yellowish orange (10YR6/6), wavy parallel 
bedding, ripples and cross strata indistinctly 
present; slope-former .•....•...... 

2. Sandstone, quartzose, fine-grained, dark yellowish 
orange (10YR6/6), wavy parallel bedding; 
slope-former . . . . . . . . . . • . . . . . 

1. Sandstone, quartzose, fine-to coarse-grained, 
grayish orange (10YR7/4), parallel bedding 
sand reworked from underlying Navajo Formation 
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Thickness 
(Feet) 

2.75 

4.5 

2.5 

1.0 

1.0 

2.25 

0.75 

0.75 

1.5 

0.5 

Total . . . • . . . . •• ~QO.OO •••• "'O.8 ••••• 51.5 

Navajo Formation 



65 

Carmel Formation: Section F, exposure in east side of wash just 
north of Temple Mountain Wash, Lat. 38°39'31"N, Long. 110038'13''W; SE/4 
SE/4, Sec. 1, RIlE, T25S, 125 feet south of graded road through wash. 

11. 

10. 

9. 

8. 

7. 

Erosional top of section 

Mudstone, grayish orange pink (5YR7/2), thin 
parallel bedding, interference ripples; cliff-former 

Mudstone, grayish orange pink (5YR7/2), parallel 
bedding and thin parallel laminae; slope-former 

Intraclastic limestone, clasts abundant in 
basal portion but less abundant upward, light 
brown (5YR6/4), basal section has low-angle 
cross-strata near base, parallel bedding in 
upper portion. . . . . . . . . .. 

Intraclastic limestone, minor clay and silt, 
bedding obscure, medium dark gray (N4); 
slope-former . . • . . . . • . . 

Oolitic limestone, stylolites at base, 
grayish orange (10YR7/4), 
interference ripples . . . . . . . . . . 

6. Oolitic limestone, light gray (N7), thin 
bedding, uncommon Camptonectes sp., ripples 

5. 

4. 

3. 

Calcisiltite, light gray (N7), parallel 
bedding; cliff-former . . . . . . . .. 

Calcilutite, dense, light red (5R6/6), 
interference ripple; cliff-former 

Thickness 
(Feet) 

2.25 

5.0 

4.0 

0.5 

3.0 

0.5 

0.75 

1.0 

Sandstone, quartzose, fine-grained, 
calcareous, minor clay and silt, dusky 
yellow green (5GY5/2); slope-former . . . . . . 11.0 

2. 

1. 

Sandstone and siltstone, non-calcareous, grayish 
yellow green (5GY7/2) and very pale blue (5B8/2), 
bedding obscure; slope-former ........ . 

Sandstone, quartzose, medium - to fine-grained, 
grayish orange (10YR7/4), parallel bedding and 
laminae, locally churned ....•....... 

2.5 

7.0 

Total . . . . . . . • . . . . . . . . . . . . . . 37.5 

Navajo Formation 
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Carmel Formation: Section G, exposure in east side of canyon just 
east of Bell Canyon, 0.75 mile north of road; Lat. 3so35'23"N, Long. 
110047'55''W; RIOE, T25S, 7 miles north of Emery - Wayne County line. 

Erosional top of section 

19. Calcilutite, yellowish gray (5Y7/2), irregular 
parallel bedding, large ripples, poss~ble scours; 
cliff-former . . . . . . . . . . . . . • . . . . . 

lS. Calcilutite, yellowish gray (5Y7/2), thinly laminated, 
interference ripples, wavy parallel bedding; 
cliff-former . . . . . . . . . . . . . . . . . . . . . 

17. Calcisil ti te, light"'browtf~ C5YR6/4), parallel 
bedding; cliff-former . . . . . . . . . 

16. Calcisiltite, moderate reddish brown (10R4/6), bedding 
obscure, churned; cliff-former ...•..... 

15. Calcisiltite, local coarse-grained calcarenite, 
very light gray (NS), thin wavy parallel 
bedding; cliff-former . . . . . . . . 

14. Calcisiltite, minor sand, pale reddish brown 
(10R5/4), shallow scours; cliff-former ..... 

13. Calcisiltite, pale reddish brown (10R5/4), parallel 
bedding; slope-former . . . . . . . . . . . . ... 

12. 

11. 

10. 

9. 

8. 

Oolitic limestone, silty in upper portion, 
medium light gray (N6), weathers light olive_gray 
(5Y6/1), common Camptonectes sp.; cliff-former. 

Siltstone, fine sandy, grayish orange, (10YR7/4) , 
poorly consolidated; slope-former . . . . 

Sandstone, quartzose, fine-grained, silty~ 
grayish orange (10YR7/4), wavy parallel laminae, 
ripples, friable; cliff-former ...... 0 •• 

Mudstone, calcium carbonate along some bedding 
surfaces, grayish orange (10YR7/4), thin 
parallel laminae; slope-former ........ . 

Siltstone, minor clay, carbonate cement, grayish 
orange (10YR7/4), moderate reddish brown (10R4/6) 
at base, parallel bedding, flat-topped ripples, 
grades into fine sand at top; cliff-former .... 

Thickness 
(Feet) 

3.75 

0.75 

1.5 

6.5 

13.0 

3.0 

S.O 

5.0 

2.0 

1.75 

0.75 

4.5 



Section G ~ ,(continued)-

7. 

6. 

Siltstone, minor clay, moderate reddish 
brown (10R4/6), wavy parallel and locally 
irregular bedding, ripples; slope-former. 

Siltstone, minor clay, pale reddish brown 
(10R5/4), wavy parallel and locally 
irregular bedding; cliff-former . . . . . 

5. Mudstone, moderate reddish brown (10R4/6), parallel 
bedding, thin parallel laminae, calcite stringers 
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Thickness 
(Feet) 

6.0 

6.5 

parallel to bedding planes; slope-former. . . . . . 4.75 

4. Siltstone, dark yellowish orange (10YR6/6), friable, 
parallel bedding; slope-former. . . . . . . . . 0.5 

3. Silt, moderate yellowish brown (10YR5/4), loose, gypsum 
stringers 0.25 inch thick; slope-former . . . . . . . .. 0.5 

2. 

1. 

Siltstone, variegated, grayish orange (10YR7/4), 
and dark yellowish orange (10YR6/6), friable, 
bedding obscure; slope-former . . . . . . . 

Sandstone, quartzose, coarse-grained, light 
brown (5YR6/4), weathers dark yellowish 
orange (10YR6/6), bedding irregular and 
discontinuous but locally parallel, churned 
locally, iron concretions and Ophiomorpha 
burrows present . . . . • . . . . . . . . . 

Total 

Navajo Formation 

1.25 

3.5 

73.5 
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Carmel Formation: Section H, exposure in east side of canyon cut 
by Muddy Creek, 1 mile south of Hidden Splendor Uranium Mine; Lat. 
38°32'30"N, Long. 110056'lO''W; R9E, 1268, 3 miles north of Emery - Wayne 
County line. 

34. 

33. 

32. 

31. 

30. 

29. 

28. 

27. 

Top of measured section; nearly vertical rock face 
limited further measurement at this locality. 

Oolitic limestone, moderate reddish brown 
(10R4/6), parallel bedding; cliff-former. 

Siltstone, moderate reddish brown (10R4/6), bedding 
obscure; cliff-former .........• 

Siltstone, varigated grayish yellow (5Y8/4) and 
pale red (10R6/2), bedding obscure; slope-former 

Mudstone, grayish yellow (5Y8/4), parallel 
bedding; slope-former ....... Q •• 

Mudstone, moderate yellow green (5GY7/4), flat-
tipped fipples; cliff-former ....... . 

Mudstone, moderate greenish yellow (10Y7/4), 
parallel bedding and laminae, interference 
ripples; slope-former ..•.... 0 ••• 

Mudstone, moderate greenish yellow (10Y7/4), 
weathers into nodules, interference 
ripples; cliff-former 0 •••• 0 ••• 

Mudstone, light gray (N7), bedding obscure; 
slope-former . . . . . . . . . . . 

26. Mudstone, medium light gray (N6), parallel 
bedding; slope-former . . . . . . .. 0 • 

25. Mudstone, medium light gray (N6); slope former 

24. Calcisiltite, light gray (N7)~ dense, 
interference ripples; cliff-former .. 

23. Mudstone, greenish gray (5GY6/1), parallel 
bedding and laminae; cliff-former .... 

22. Mudstone, greenish gray (5GY6/1), parallel laminae 
and steep cross laminae; slope-former .... 

21. Sandstone, quartzose, very fine-grained, bluish white 
(5B9/1), parallel bedding, wavy parallel laminae; 
increasingly calcareous upward, stylolites at contact 
with overlying bed; slope-former . . . . . . . . . . . 

Thickness 
(Feet) 

1.25 

3.0 

0.75 

2.75 

6.25 

5.25 

4.5 

4.5 

1.0 

0.5 

1.0 

1.25 

1.25 



Section H, (continued) 

20. 

19. 

18. 

Sandstone and siltstone, inter~layered, li
ght bluish gray (5B7/1), parallel bedding, 
interference ripples; slope-former ... ~ . 

Sandstone, quartzose, fine-grained, light 
bluish gray (5B7/1), parallel bedding, 
interference ripples, some parallel 
laminae; slope-former .......... . 

Siltstone, pale red (5R6/2), parallel bedding and 
laminae; slope-former . . . . . . . . . . . 

17. Siltstone, pale blue (5PB7/2), bedding obscure, 
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Thickness 
(Feet) 

1.75 

1.5 

4.75 

(parallel ?); slope former. . . ........... 10.5 

16. 

15. 

14. 

13. 

12. 

11. 

10. 

Siltstone, lti.ght red (5R6/6), parallel 
bedding; slripe-former . . . . . . . 

Sandstone, quartzose, fine-grained, light brown 
(5YR6/4), parallel bedding, cross-strata 
possibly present; cliff-former ........ . 

Sandstone, quartzose, fine-grained, light brown 
(5YR6/4), scours; cliff-former ........ . 

Sandstone, quartzose, fine - to medium-grained, li
ght brown (5YR6/4), parallel bedding and laminae 

Sandstone, quartzose, very fine-grained, pale 
blue green (5B67/2), bedding obscure; cliff-former 

Sandstone, quartzose, fine-grained, light brown 
(5YR6/4), parallel bedding, cross-strata dip 
steeply southward; cliff-former ..... 

Sandstone, quartzose, fine-grained to very fine
grained,~t brown (5YR6/4), parallel bedding 
and laminae; cliff-former ........... . 

9. Sandstone, quartzose, fine - to very fine-grained, 
silty admixture,l~ brown (5YR6/4), parallel 
bedding, steep bottom-tangent cross-strata; 

3.5 

1.25 

0.75 

1.0 

0.25 

1.25 

1.25 

cliff-former 0 • • • • • • • 0 • • • • • 0 • 0 • • • • • • • 2.25 

8. Sandstone and siltstone, interlayered, grayish 
red (10R4/2), parallel bedding, interference 
ripples; cliff-former 0 ••••••••••• 0.75 



Section H, (continued) 

7. 

6. 

5. 

4. 

3. 

2. 

1. 

Siltstone and sandstone, quartzose, 
fine-grained, interlayered, moderate 
reddish brown (10R5/4); contorted laminae, sand 
up to 6 inches into overlying bed; slope-former 

injected 

Siltstone and sandstone, quartzose, very fine
grained, interlayered, pale reddish brown (10R5/4), 
laminae possibly contorted, parallel bedding; 
slope-former . . . . . . . . . . . . . . . . . . 

Sandstone, quartzose, fine-grained, pale reddish 
brown (10R5/4), interference ripples, increasingly 
calcareous upward; slope-former ..... . 

Sandstone and siltstone, pale reddish brown 
(10R5/4), steep cross-laminae, some sand 
injections; slope-former ...... . 

Mudstone, dark reddish brown (10R3/4), 
contorted; slope-former ..... 

Calcisiltite, ltghtreo, (.5,86/9 ),\jJ.,o"cal gypsum 
and'-calcite; parallel bedding, laminae 
obscure; slope-former . . . . . . . . . . . . 

Sandstone, quartzose, medium-grained, moderate 
reddish brown (10YR5/4), bedding obscure; 
slope-former . . . . . • . . . . . . . . . . . 
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Thickness 
(Feet) 

3.25 

2.5 

2.75 

4.0 

0.75 

2.5 

0.75 

Total . . . . . . . . . . . . . . . . . . . . . . 83.0 

Navajo Formation 
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Carmel Formation: Section I, exposure in road cut for Interstate 
I-IS, Justensen Flats, Lat. (approx.) 36°S0'3S"N, Long. (approx.) 
110oS3'40"W; NE/4, NW/4, Sec. 3, R9E, T23S. 

24. 

Top of measured section; thick monotonous sequence 
of calcisiltite lies above unit 24 at this locality. 

Calcisiltite, light blue (SB7/6), weathers yellowish 
gray (SY7/2), calcilutite interbeds, wavy 
parallel bedding; cliff-former . . . . . . . . . . . 

23. Calcisiltite, light blue (SB7/6), parallel 
bedding; slope-former . . . . . . . 

22. 

21. 

20. 

19. 

lB. 

17. 

Mudstone, calcareous, grayish orange (10YR7/4), 
locally grayish green (10G4/2), parallel bedding, 
thick laminae; slope-former ........ . 

Calcisiltite, variegated grayish orange (10YR7/4), 
grayish yellow (SYB/4), and moderate red (SRS/4), 
parallel bedding; cliff~former ..... 

Anhydrite, very light gray (NB), streaks of 
dusky red (SR3/4); slope-former .... 

Gypsum, very light gray (NB), contorted, calcilutite 
clasts, veinlets extend into underlying bed .... 

Calcisiltite, gypsum stringer, contorted, 
light gray (N7); cliff-former ..... . 

Calcisiltite, dusky red (SR3/4), parallel 
bedding, gypsum stringers parallel to 
bedding planes, irregular contact with 
underlying and overlying beds . . . . 

16. Calcisiltite, pale reddish brown (lORS/4), thin gypsum 
veinlets approximately parallel bedding, calcite 

IS. 

14. 

along joints, load casts at base; cliff-former .... 

Calcisiltite, medium light gray (n6) and light 
olive gray (SYS/2), with red partings, 
deformed at top; parallel beds, thin laminae, 
some low-angle bottomOtangent cross-strata that 
dip eastward, calcite vugs near top .... 

Shale and calcisiltite, interlayered, medium 
gray (NS), fissile, ripplemarked calcisiltite 
dominates upwards . . . . . . . . . . . . . . 

Thickness 
(Feet) 

36.5 

1.7S 

16.75 

1.5 

1.0 

B.O 

2.S 

3.S 

lS.O 

12.0 

9.S 



Carmel Formation: Section I, exposure in road cut for Interstate 
I-IS, Justensen Flats, Lat (approK.) 36°S0'35 l 'N, Long, (approx.) 
110oS3'40 l 'W; NE/4, NW/4, Sec. 3, R9E, T23S~ 
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Thickness 
(Feet) 

24. 

23. 

Top of measured section; thick monotonous sequence 
of calcisiltite lies above unit 24 at this locality. 

Calcisiltite, It. blue (SB7/6), weathers yellowish 
gray (SY7/2), calcilutite interbeds, wavy 
parallel bedding; cliff-former . . . . . • . . . . 

Calcisiltite, It. blue (SB7/6), parallel 
bedding; slope-former • . . . . • . 

22. Mudstone, calcareous, grayish orange (10YR7/4), 
locally grayish green (10G4/2), parallel bedding, 

. 36.S 

1.75 

thick laminae; slope-former .............. 16.7S 

21. Calcisiltite, variegated grayish orange (10YR7/4), 
grayish yellow (SYB/4), and moderate red (SRS/4), 
parallel bedding; cliff-former . . .. . ... 

20. Anhydrite, very It. gray (NB), streaks of 
dusky red (SR3/4); slope-former 

19. 

lB. 

17. 

Gypsum, very It. gray (NS), contorted, calcilutite 
clasts, veinlets extend into underlying bed 

Calcisiltite, gypsum stringer, contorted, 
It. gray (N7); cliff-former ..... 

Calcisiltite, dusky red (SR3/4), parallel 
bedding, gypsum stringers parallel to 
bedding planes, irregular contact with 
underlying and overlying beds .. 

16. Calcisiltite, pale reddish brown (10RS/4), thin gypsum 
veinlets approximately parallel bedding, calcite 

1.S 

1.0 

B.O 

2.S 

3.S 

along joints, load casts at base; cliff-former ....... lS.O 

IS. Calcisiltite, med. It. gray (N6) and It. 
olive gray (SY5/2), with red partings, 
deformed at top; parallel beds, thin laminae, 
some low-angle bottom-tangent cross-strata that dip 
eastward, calcite vugs near top . . . . . . ... 12.0 

14. Shale and calcisiltite, interlayered, med. gray 
(N5), fissile, ripplemarked calcisiltite 
dominates upwards 0 • • • • • • • • • • • 9.5 



Section I, (continued) 

13. Calcilutite, dusky red (5R3/6), wavy parallel 
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Thickness 
(Feet) 

bedding, rare Trigonia sp., some vugs; slope-former 1.25 

12. Shale, dusky red (5R3/6), bedding obscure; slope-former. 0.25 

11. Shell-hash, calcarenite matrix, pale green 
(10G6/2) and medium light gray (N6), probable 
cross-strata; slope-former . . . . . . . . . . . . . . . 11.0 

10. 

g. 

',7. 

6. 

5. 

Mudstone, light gray (N7), fissile, slope-forming 
interbeds alternate with cliff-forming interbeds 

Muds tonE;, 14,gh t gr.9Y·. (N 7 ) ,~dens E; , 'flat, 
parallel laminae; cliff-former . . . . 

Siltstone, medium l.!ght grg.y . (No), rare,unidentified 
fossils; cliff-forming interbeds alternate 
with thin slope-forming interbeds . . . . . . . . . . 

Siltstone, greenish gray (5G6/1), fissile, 
obscure bedding; slope-former ..... 

Calcarenite and calcisiltite, interlayered, 
dark yellowish orange (10YR6/6), parallel 
bedding, rare and broken fossils 

Siltstone, pale green (10G6/2), thin 
parallel laminae . . . . 

4. Calcarenite, light gray (N7), thin 

3. 

2. 

1. 

laminae; slope-former . . . . . 

Sandstone, quartzose, fine-grained at base, 
siltstone with some fine sand at top, parallel 
bedding, calcitic lenses and intraclasts, dark 
yellowish orange (10YR6/6); slope-former 

Siltstone, pale green (5G6/2), wavy parallel 
bedding, flat-topped ripples near top of bed 

Sandstone, quartzose, fine-grained, pale 
yellowish orange (10YR8/6), local lenses and 
green plates of siltstone; slope-former ... 

1.5 

0.5 

3.5 

0.5 

0.75 

0.5 

1.5 

2.75 

0.75 

0.25 

Total ...................... 133.00 

Navajo Formation 



Section I, (continued) 

13. Calcilutite, dusky red (5R3/6), wavy parallel 
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Thickness 
(Feet) 

bedding, rare Trigonia spo, some vugs; slope-former 1.25 

12. Shale, dusky red (5R3/6), bedding obscure; slope-former.. 0.25 

11. 

10. 

9. 

B. 

7. 

6. 

5. 

4. 

3. 

2. 

1. 

Total 

Shell-hash, calcarenite matrix, pale green 
(10G6/2) and med. It. gray (N6), probable 
cross-strata; slope-former . . . . . 

Mudstone, It. gray (N7), fissile, slope-forming 
interbeds alternate with cliff-forming interbeds 

Mudstone, It. gray (N7), dense, flat, parallel 
laminae; cliff-former . . • . . . . . . . . 

Siltstone, med. It. gray (N6), rare unidentified 
fossils, cliff-forming interbeds alternate 
with thin slope-forming interbeds • . . . • 

Siltstone, greenish gray (5G6/1), fissile, 
obscure bedding; slope-former ..... 

Calcarenite and calcisiltite, interlayered, 
dark yellowish orange (10YR6/6), parallel 
bedding, rare and broken fossils 

Siltstone, pale green (10G6/2), thin 
parallel laminae 

Calcarenite, It. gray (N7), thin laminae; 
slope-former . . . . . . . . . 

Sandstone, quartzose, fine-grained at base, 
siltstone with some fine sand at top, parallel 
bedding, calcitic lenses and intraclasts, dark 
y~llowish orange (10YR6/6), slope-former 

Siltstone, pale green (5G6/2), wavy parallel 
bedding, flat-topped ripples near top of bed 

Sandstone, quartzose, fine-grained, pale 
yellowish orange (10YRB/6), local lenses and 
green plates of siltstone; slope-former 0 • 0 

Navajo Formation 

11.0 

1.5 

0.5 

3.5 

0.5 

0.75 

0.5 

1.5 

2.75 

0.75 

0.25 

133.0 
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