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resulted in shoreline deposition for a short period at Muddy Creek and
possibly at Bell Canyon (sections G and H 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 o8litic 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 o¥lite 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
oSlitic 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 A, an oSlitic
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 o8lite 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 any one place.

(2) The Carmel sea was warm. Thick beds of carbonate deposition,
o8lites, 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 dﬁlitic 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 C.

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 C. platessiformis community, except that subordinate

elements are more common. The C. 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, lighfer 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.



51

LITERATURE CITED

Baker, A.A., Dane, C.H., and Reeside, J. B., Jr. 1936. Correlation
of the Jurassic formations of parts of Utah, Arizona, New Mexico,
and Colorado: :U.S. Geol. Survey, Prof. Paper 183, 66 pp.

, Dobbin, C.E., McKnight, E.T., and Reeside, J.B., Jr. 1927.
Notes of the stratigraphy of the Moab region, Utah: Am. Assoc.
Petroleum Geologist, Bull., Volume 11, pp. 785-808.

Brady, L.F. 1935. Preliminary notes on the occurrence of a primitive
theropod in the Navajo: Am. Jour. Sci., Series V: Volume 30,
pp. 210-215.

Dake, D.L. 1919. Horizons of the marine Jurassic in Utah: Jour.
Geology, Volume 27, pp. 634-636.,

Easton, W.H. 1960. Invertebrate Paleontology: New York, Harper
and Brothers, 701 p.

Fagerstrom, J.A. 1964. Fossil communities in paleoecology: Their
recognition and significance: Geol Soc. America, Bull., Volume
75, p. 1197-1216.

Faul, Henry, and Roberts, W.A. 1951. New fossil footprints from the
Navajo Sandstone of Colorado: Jour. Paleont., Volume 25, pp. 266-
274.

Gilluly, James. 1929. Geology, oil and gas prospects of part of the
San Rafael Swell, Utah: U.S. Geol. Survey, Bull. 806. pp. 69-130.

Gilluly, James, and Reeside, J.B., Jr. 1928. Sedimentary rocks of the
San Rafael Swell and some adjacent areas in eastern Utah: U.S.
Geol. Survey, Prof. Paper 150-D, pp. 61-110.

Gregory, Herbert, and Moore, R.C. 1931. The Kaiparowitz region:
U.S. Gecl. Survey, Prof. Paper 164, 161 pp.

Harshbarger, John W., and Repenning, Charlés:Albert and Irwin James
Haskell. 1957.  Sfratigraphy of tRe:uppérmost Triassic and' the
Jurassic rocks of “the:Navajo Country: U.S. Geol. Survey, Prof.
Paper 291, 74 pp.

Hawley, C.C., Robeck, R.C., and Dyer, H.B. 1968. Geology, altered
rocks and ore deposits of the San Rafael Swell, Emery County, Utah:
U.S. Geol. Survey, Bulletin 1239. 115 pp.



52

Hedgpeth, J.W. 1957. Estuaries and lagoons, biological aspects: in

Treatise on marine ecology and paleocecclogy, Volume 1: Geol.
Soc. America, Memoir 67, p. 693-711.

Hunt, D.B., Averitt, Paul, and Miller, Ralph. 1953. Geography and
geology of the Henry Mountains, Utah: U.S. Geol. Survey, Prof.
Paper 228, 234 pp.

Imlay, Ralph. 1967. Twin Creek Limestone (Jurassic) in the western
interior of the United States: U.S. Geol. Survey, Prof. Paper
540, 105 pp.

. 1964. Marine Jurassic pelecypods from central and southern
Utah: U.S. Geol. Survey. Prof Paper 483-C, 42 pp.

. 1957. Jurassic of western America: in Treatise on marine
ecology and paleoecology, Volume 2: Geol. Soc. America, Mem.
67, p. 469-504,

1952, Correlation of the Jurassic formations of North America,
exclusive of Canada: Geol. Soc. America, Bull., Volume 63, pp.
953-992.

Johnson, R.G. 1960. Models and methods for analysis of the mode of
formation of fossil assemblages: Geol. Soc. America, Bull;
Volume 71, pp. 1075-1085.

Jordan, W.M. 1967. Regional environmental study of the early Mesozoic
Nugget and Navajo Sandstones: Univ. Wisconsin (unpublished Ph.D.
dissertation), 206 pp.

Lewis, G.E., Irwin, J.H., and Wilson, R.F. 1961. Age of the Glen
Canyon Group (Triassic and Jurassic) on the Colorado Plateau:
Geol. Soc. America, Bull; Volume 72, pp. 1437-1440.

McAlester, A.L. 1968. The History of Life: Englewood Cliffs, New
Jersey, Prentice-Hall Inc., 152 pp.

Moore, R.C., Lalicker, C.G., and Fischer, A.G. 1952. Invertebrate
Fossils: ©New York, McGraw-Hill Book Company, 766 pp.

Odum, Eugene. 1944. Fundamentals of Ecology: Philadelphia, Sanders
Publ. Co., 384 pp.

Poole, F.G. 1962. Wind directions in late Paleozoic to middle Mesozoic
time on the Colorado plateau: U.S. Geol. Survey, Prof. Paper 450-D
pp. 147-151.

Reeside, J.B., Jr. 1923. Notes on the geology of the Green River Valley
between Green River, Wyoming, and Green River, Utah: U.S. Geol.
Survey, Prof. Paper 132-C pp. 35-50.



53

Rogers, J.E. 1906. The Shell Book, Revised Edition: Boston, Branson
Publ. Co., 503 pp.

Shimer, H.W., and Shrock, R.R. 1344. Index Fossils of North America:
New York, John Wiley and Sons, 837 pp.

Simpson, G.G. 1949. The Meaning of Evolution: New Haven, Yale
University Press, 364 pp.

Sohl, N.F. 1965. Marine Jurassic gastropods, central and southern
Utah: U.S. Geol. Survey, Prof. Paper 503-D, 29 pp.

Stokes, W.L., Peterson, J.A., and Picard, M. D. 1955. Correlation
of Mesozoic formations of Utah: Am. Assoc. Petroleum Geologists,
Bull., Volume 39, pp. 2003-2019.

Thorson, Gunnar. 1957. Level-bottom communities: in Treatise on marine
ecology and paleoecology, Volume 1l: Geol. Soc. America, Mem. 67,
pp. W461-534.

Webb, W.F. 1942, United States Mollusca, Revised Edition: Wellesley
Hills, Massachusetts, Lee Publ. Co., 306 pp.

Wilbur, K.M. and Yonge, C.M., (Eds.). 1964. Physiology of Mollusca,
Volume 1l: New York, Academic Press, 472 pp.

Wright, J.C., and Dickey, D.D. 1963. Relations of the Navajo and
Carmel Formations in southwest Utah and adjoining Arizona:
U.S. Geol. Survey, Prof. Paper 450-E, pp. 63-67.

Zim, H.S. (Ed.). 1962. Seashells of the World: New York, Golden Press,
160 pp.



APPENDIX

54



55

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.



Carmel Formation: Section A, exposure in north side of Buckhorn
Wash, 0.25 mile east of road intersection at upstream entrance to Wash;
Lat. 39°9'30"N, Long. llOOHH'SB"W; SW/4, NE/4, Sec. 13, RIOE, T19S.

Thickness
(Feet)

Erosional top of section
10. O8litic 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 . . . . « ¢ + & ¢ o ¢ 4 e . .o 21.0

8. Anhydrite, abundant gypsum stringers, very dark
red (BR 2/B6) . v v v ¢ v v v v v v e e e e e e e e e 0.25

7. Gypsum, white (N9), weathers very llght gray (N8)
fissile, forms small step. e e .. o . . 3.0

6. Anhydrite, abundant gypsum stringers, very dark
red (R 2/6) v v v v v v o v e e e e e e e e e e e 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. .+ o« v ¢« s 4 v e e s v e e e s s e e e e e e 10.0

4, Siltstone, unconsolidated, gray green (5G 6/1),
fissile, plates average 0.25 inch wide, .0l inch
thick; plates of sand, 0.5 inch thick, 3.0 inches
wide contain casts with appearance of fossil e 0.25

3. Calcisiltite, sandy, moderate red (5R 5/4), locally
medium gray (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, gray green (SG 6/1), rlpples,
fissile at top e e e e s e e . . . e . 0.5

1. Sandstone, quartzose, medium-grained, calcite cement
and some dolomite veins that extend into underlying
Navajo Formation; grayish orange (10YR 7/4) to pale
yellowish orange (10YR 8/6), parallel laminae and
bedding; rare Trigonia o . G« e e o s s s 8 o o e 0.25

Total . ¢« v ¢ ¢ v &« ¢ & v e e e e e e 4t s e e e e e e e 61.0

Navajo Formation



part of Swell; Lat.
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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

R11E, T19S.

18.

17.

16.

15.

14,

13.

12.

11.

10.

Covered interval to crest of hill. . . . . .

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

Calcisitite, with clay admixture, grayish orange
(1OYR 7/4) v v v v v v v e e s v e e e e e e

Calcarenite, light brownish gray, (5YR 7/6),
parallel bedding 4 inches to i foot thick,
interference ripples; cliff-former . . . . .

Calcisiltite, odlitic, medium gray (N-5),
blocky, parallel bedding, ripple marks with
oYlites on ripple crests; cliff-former . . . . .

Calcilutite, medium gray (N- 5), parallel
bedding; slope-former. . . . .o e v s e

08litic limestone, rounded clasts of
carbonate material, broken fossils common;
light olive gray (5Y 6/1); slope-former. . .

Calcilutite, dense, medium gray (N-5);
slope-former . . . . « . ¢ ¢ v « 4 v o 0 4 e o o

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

08litic limestone, light gray (N7), bedding
obscure, common Camptonectes stygius White;
cliff-former . . . . . . . . . .. o000

Sandstone, quartzose, medium-grained, dark
yellowish green (10GY 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 (N8),
fissile; slope-former. . . . . . . . . . .

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

.

39°10'24"N, Long. 110043'45"W; NW/4, NW/4, Sec. 17,

Thickness
(Feet)

. 13.75

8.0

6.25

1.25

. 2.25

. 1.25

10.0

21.0

0.25



Section B (continued) Thickness
(Feet)

5. Calcarenite, rare gypsum stringers in upper

portion: moderate brown (5YR 5/4), fissile,

ripples; cliff-former. . . . . . . « « . + .+ .+ o . . 10.0
4, Siltstone, gray green (5G 6/1), plates of

sand contain casts with appearance of fossils. . . . 0.25
3. Calcisiltite, moderate red (5R 5/4), calcite-

lined vugs, abundant Camptonectes platessiformis

White in middle portion, gradational base. . . . . . 11.0
2. Siltstone, minor sand, fissile at top, gray

green (56 B/1) + v v v v v 4 v v e e e e e e e e e 0.5
1. Sandstone, quartzose, medium-grained, parallel

bedding, calcite cement, dolomite veins,

grayish orange (10YR 7/4), pale yellowish

orange (1OYR 8/6). « « v ¢« v v v v v v v v w e w . 0.25

Total « & v ¢ 4 v v e e e e e e e e e e e e e e e e e e 106.0

Navajo Formation
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Carmel Formation:

59

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,

R12E, T19S.
Thickness
(Feet)
Erosional top of section
12, Calcilutite with calecisiltite, light brownish gray
(5YR6/1), parallel bedding local ripples,
fissile, rare fossil-like casts . . . . . « « + « + « + . . . 14,0
11. Calcisiltite, grayish orange (10YR7/4)
parallel bedding, parallel laminag weather
into plates; slope-former . . . . . . . . . . . o o o . . . 4O
10. Calcisiltite, minor clay
greenish gray (5G6/1), thinly laminated . . . . . . . . . . . 1.0
9. Calcisiltite, lLight brownish gray (5YR6/1),
very thinly lamlnated fissile to platy,
slope-former . . . . . . . . . .+ . . Y ()
8. O08litic limestone, light gray (N-7),
common nggtonectes stygius White;
cliff-former . . .« « « « v ¢ v v v ¢ v e e s 4 e e e e e oW o. 1.5
7. Calcisiltite, light gray (N-7), thin parallel
bedding and laminae, rare fossils, worn and
weathered Camptonectes spp.; slope-former . . . . . . . . . . 2.0
6. Calcilutite, medium light gray (N 6), common
fossils; cliff-former . . . . . . e e e e e e e e e .5
5. Calcisiltite, light’'olive gray (5Y6/1), parallel
beddingy cliff-former . . . . . « + + « « ¢ 4 + & o « « « « . 3.5
4, Calcisiltite, light brownish gray (5YR6/1), interference
ripples, rare Pronoella sp.; cliff-former . . . . . . . . . . 4.5
3. Calcisiltite, dusky red (5R3/4), parallel
bedding and laminae; slope-former . . . . . . . « .+ « . . . . L.5
2. Calcisiltite, grayish orange (10YR7/4), and
dusky red (5R3/4), thin bedding and laminae,
granular appearance; slope-former . . . . . . . . . . . . . . 3.25
1. Sandstone, quartzose, medium-to fine-grained,
calcite cement, dark yellowish orange (10YR6/6),
parallel bedding, nearly paralled laminae;, cliff-former . . . 4.5
Total o ¢ ¢ v v ¢ 0 v v e et e e 4 e e e e e e e e s e e s . . B0.25

Navajo Formation

Long. 110°31'25"W; SW/4, SW/4, Sec. 12,



Wash, 100 feet north of graded road, Lat.
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Carmel Formation: Section D, exposure in north side of Black Dragon

NE/4, NE/4, Sec. 6, T22S, RI4E.

26.

25.

24,

23.

22.

21.

20.

19.

18.

17.

16.

15.

14,

Erosional top of section

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

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

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

Siltstone, fine sandy, grayish orange (10-1R74),
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 . . . e e e e

Calcisiltite, grayish orange (10YR7/4),
wavy parallel bedding; cliff-former . . . . . . . .

Siltstone, locally o8litic, grayish orange
(10YR7/4);Slope-former . . . . . « .+ « .« . . .

08litic limestone, dusky yellow (5Y6/4),
massive; cliff-former . . . . . e e e e e

Silt, unconsclidated, dusky yellow
(5Y6/4), churned; slope~former . . « « « « o « « &

08litic limestone, dusky yellow (5Y6/4), churned,
uncommon Camptonectes sp.; cliff-former . . . . . ,

08litic limestone, dusky yellow (5Y6/4),
unfossiliferous; slope-former . . . . . . . . .

Calcilutite, light gray (N7), parallel to
nonparallel bedding 0.25 to 0.75 foot thick,
unidentifiable fossils in upper part,

interference ripples . « « v & ¢ ¢ 4 4 e e o4 0 oo

38°51'14YN, Long.

110°27'07"W;

Thickness
(Feet)

.o 9.25



Section D (continued)

13.

12,

11.

10.

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

Silt, find sandy, calcareous; yellowish gray (5Y7/2),

wavy parallel bedding with interference ripples;
slope-former .

Siltstone, very calcareous, light brown (5YR6/4),
wavy parallel to nonparallel beddlng, 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 . . . . . . .

Siltstone, unconsolidated, fissile, plates 0.0l
inch thick, 0.5 inch wide, variegated, dusky
red (5R8/4) and graylsh orange (1OYR7/4);
slope-former . . e e e .

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

Sandstone, quartzose, fine - to medium-grained;
poorly consolidated, grayish orange (10YR7/4);
slope-former . . . . . . . . . . o . ¢ o .

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

Sandstone, quartzose, fine-grained, moderate
olive brown (5Y4/4), wavy parallel beddlng,
cliff-former . . . . . . . o .

Silt and sand; poorly consolidated; medium dark
gray (N4), light olive brown (5Y5/6) and
dusky red (5R3/4); slope-former . ..

61

Thickness
(Feet)

0.75



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 . . . . .

Total « v v v ¢ ¢ ¢ v 4 e e e e e e e e e e e e

Navajo Formation

62

Thickness
(Feet)

e 0.25

57.75
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Carmel Formation: Section E, exposure in south side of Straight Wash,
0.25 mile south of stream bed, on jeep trail; Lat. 38°45'44"N, long. 110°
29'47"W; SW/4, NW/4, Sec. 35, R13E, T23S.

Thickness
(Feet)

Erosional top of section
24, Calcisiltite, greenish gray (5GY6/1),

parallel bedding; slope-former . . . . . . . . . . . . . . 2.0
23. Calcilutite, pale red (10R6/2), parallel

bedding and laminae, irregular base; cliff-former . . . . 0.5
22. Calcisiltite, some silt and clay, pale red

(10R6/2); slope-former . . . . « v v v o & o o 4 4 e o0 oo 2.75
21. Calcisiltite, moderate red (5R5/4), parallel

bedding, interference ripples; cliff-former . . . . .-. . 0.75
20. Calcisiltite, pale red (10R6/2), poorly

consolidated; slope-former . . . . . . « « .+ + + ¢« . . . 6.0
19. Calcisiltite, grayish red (5R4/2), bedding

obscure, rare Camptonectes sp.; cliff-former . . . . . . . 0.75
18. Calcisiltite, medium light gray (N-6), parallel

bedding, interference ripples; cliff-former . . . . . . . 1.25
17. Calcisiltite, moderate red (5R5/4), wavy

parallel bedding and laminae; rare

Camptonectes and Vaugonia; cliff-former . . . . . . . . . 3.0
16. Calcisiltite, some silt and clay, moderate

reddish orange (10R6/6), moderately consolidated . . . . . 1.0
15. Calcisiltite, mudstone-calcilutite interbeds and

lenses light red (5R6/6), parallel

bedding, interference ripples; cliff-former . . . . . . . 2.5
14, Calcisiltite, moderate red (5R5/4), parallel

bedding and laminae; cliff-former . . . . . . . . . . . . 3.0
13. Calcisiltite, light red (5R6/6), parallel

bedding; cliff-former . . . . .o e e e e e e e e 1.0
12. Calcisiltite, light gray (N7), very hard parallel

bedding, interference ripples; cliff-former . . . . . . . 2.5

11. Mudstone, moderate red (5R5/4), parallel bedding,
unit slumped and rotated northwards, well
consolidated but not a cliff-former . . . . . . . . . . . 7.0
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Section E (continued)

Thickness
(Feet)

10. OBlitic limestone, moderate red (5R5/4),
interference ripples, common, Camptonectes
stygius White; cliff-former . . . . . . . . « . . o« . .. 2.75

9. Sandstone, quartzose, medium-grained, calcite
cement; grayish orange (10YR7/4), churned;
cliff-former . . . ¢ © v ¢ & v 4 o 4 6 4 e e e e e e e e 4.5

8. Sandstone, quartzose, fine-to medium-grained,
calcareous, grayish orange (10YR7/4),
irregular bedding, churned, cliff-former . . . . . . . . . 2.5

7. Calcilutite, yellowish gray (5Y7/2) parallel
beddingy cliff-former . . . . . . © e e e e e e e e e e 1.0

6. Mudstone, calcareous, yellowish gray (5Y7/2),
parallel bedding; slope-former . . . . « + ¢ o « o« « o+ o & 1.0

5. Mixed siltstone, fine-grained sandstone, and
mudstone; calcareous, dark yellowish orange
(10YR6/6), more friable, unconsolidated, and
calcareous upward; slope-former . . . . . . . . + « & « . . 2.25

4. Sandstone, quartzose, fine-to medium-grained,
dark yellowish orange (10YR6/6), irregular
bedding; slope-former . . « « ¢ ¢« ¢ ¢t 4 4 v 4 e e e e e . 0.75

3. Sandstone, quartzose, fine-grained, calcareous,
dark yellowish orange (10YR6/6), wavy parallel
bedding, ripples and cross strata indistinctly
present; slope-former . . . ¢« ¢« ¢ ¢ ¢ 4 6 4 e e 4 4 e s . s 0.75

2. Sandstone, guartzose, fine-grained, dark yellowish
orange (10YR6/6), wavy parallel bedding;
slope-former . . . ¢ ¢« ¢ v ¢ ¢ 4 e 4 e e e e o 0 e e e e 1.5

1. Sandstone, quartzose, fine-to coarse-grained,
grayish orange (10YR7/4), parallel bedding
sand reworked from underlying Navajo. Formatien . . . . . . 0.5

Total & & ¢« & v ¢ v & + o & o o s s & s o « o o & « s+ 4 s & « o 51.5

Navajo Formation
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Carmel Formation: Section F, exposure in east side of wash just
north of Temple Mountain Wash, Lat. 38°39'31"N, Long. 110°38'13"W; SE/4
SE/4, Sec. 1, R11E, T25S, 125 feet south of graded road through wash.

Thickness
(Feet)

Erosional top of section

11. Mudstone, grayish orange pink (5YR7/2), thin
parallel bedding, interference ripples; cliff-former . . . . 2.25

10, Mudstone, grayish orange pink (5YR7/2), parallel
bedding and thin parallel laminae; slope-former . . . . . . 5.0

9., 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. + « « 4 v v e 4 4 e 4 e e e 4 e e e s e 4w . kO

8. Intraclastic limestone, minor clay and silt,
bedding obscure, medium dark gray (Nui);
slope-former . . .« ¢« « ¢ + ¢ ¢ ¢ ¢« ¢ e 4 o 4 e s 4 e s 4. 0.5

7. O08litic limestone, stylolites at base,
grayish orange (10YR7/4),
interference ripples . + « & ¢ 4 4 v 4 4 4 4 e 4 s e s . . . 3.0

6. O08litic limestone, light gray (N7), thin
bedding, uncommon Camptonectes sp., ripples . . . . . . . . 0.5

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

4, Calcilutite, dense, light red (5R6/6),
interference ripple; cliff-former . . . . . . . . . . . . . 1.0

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

2. Sandstone and siltstone, non-calcareous, grayish
yellow green (5GY7/2) and very pale blue (5B8/2),
bedding obscure; slope-former . . . c e e s e e e 2 e &« 2.5

1. Sandstone, quartzose, medium - to fine-grained,
grayish orange (10YR7/4), parallel bedding and
laminae, locally churned . . + & ¢ ¢ o « & « s « o s & o o« « 7.0

Total & ¢ & & v e et e e s e e e e e e e s e e e e e e e e . . 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. 38°35'23"N, Long.
110°47'55"W; R10E, T25S, 7 miles north of Emery - Wayne County line.

Thickness
(Feet)

Erosional top of section
19. Calcilutite, yellowish gray (5Y7/2), irregular
parallel bedding, large ripples, possible scours;
CLIff-fOrmer . « « v & & + & o o o o + o o o o o o o o . . 3.75

18. Calcilutite, yellowish gray (5Y7/2), thinly laminated,
interference ripples, wavy parallel bedding;
cliff-former . . « « v & o ¢ 4 v 4 o 4 4 4 e e e e e e 0.75

17. Calcisiltite, light b¥own® (5YR6/4), parallel
bedding; cliff-former . . . . . . . e e e e e e e e 1.5

16. Calcisiltite, moderate reddish brown (10R4/6), bedding
obscure, churned; cliff-former . . . . . « « v « « +« v « . 6.5

15. Calcisiltite, local coarse-grained calcarenite,
very light gray (N8), thin wavy parallel
bedding; cliff-former . . . . .« « v & ¢« v ¢ ¢ v v v W . 13.0

14, Calcisiltite, minor sand, pale reddish brown
(10R5/4), shallow scours; cliff-former . . . . . . . . . . 3.0

13, Calcisiltite, pale reddish brown (10R5/4), parallel
bedding; slope-former . . . +« « ¢ ¢ ¢ ¢ ¢ ¢ o« 0 e 4 4 8.0

12, O08litic limestone, silty in upper portion,
medium light gray (N6), weathers light olive_ gray
(5Y6/1), common Camptonectes sp.j; cliff-former . . . . . . 5.0

11. Siltstone, fine sandy, grayish orange.(l10YR7/4),
poorly consolidated; slope-former . . . . . . . . . .+ . . 2.0

10. Sandstone, quartzose, fine-grained, silty,
grayish orange (10YR7/4), wavy parallel laminae,
ripples, friable; cliff-former . . . . . . . . . . . . . . 1.75

9. Mudstone, calcium carbonate along some bedding
surfaces, grayish orange (10YR7/4), thin
parallel laminae; slope-former . . . .« ¢« « + ¢ &« + « 4 o 0.75

8. 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 . . . . . . . . 4.5



Section .G, .(continued)"

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

6. 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
parallel to bedding planes; slope-former . . . . .

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

3. Silt, moderate yellowish brown (10YR5/4), loose, gypsum

stringers 0.25 inch thick; slope-former . . . .

2. Siltstone, variegated, grayish orange (1l0YR7/4),
and dark yellowish orange (10YR6/6), friable,
bedding obscure; slope-former . . . . . . .

1. 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 . . ¢ ¢ ¢ ¢ ¢ 4 v b e e v e e e e e

Total & v ¢« ¢ v v v e e e e e e s e e e e e e e e e e e

Navajo Formation
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Thickness
(Feet)

4.75




34,

33.

32.

31.

30.

29.

28,

27.

26.

25.

24,

23.

22,

21.
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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. 110°56'10"W; ROE, T268, 3 miles north of Bmery - Wayne
County line.

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

08litic limestone, moderate reddish brown
(10R4/6), parallel bedding; cliff-former . . . . . . . . .

Siltstone, moderate reddish brown (10R4/6), bedding
obscure; cliff-former . . . . & « ¢ & ¢ o« v & 4 & « . .

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

Mudstone, grayish yellow (5Y8/4), parallel
bedding; slope-former . . . o e e o e e e s e e e e s

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 . . . . ¢ . . ¢ v o 4 6 4 e 4 e

Mudstone, moderate greenish yellow (10Y7/4),
weathers into nodules, interference
ripples; cliff-former . . . . . . . ¢ ¢ ¢ v ¢« v e 0 . o0

Mudstone, light gray (N7), bedding obscure;
slope-former . . . . . ¢ ¢ o . o 0 o 0 e 4 e s e s e e e

Mudstone, medium light gray: (N6) parallel
bedding; slope-former . . . . S

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

Calcisiltite, light gray (N7), dense,
interference ripples; cliff-former . . . . . . . . + « . &

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

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

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)

2.5

1.25

3.0

0.75

. 6.25

1.25



Section H,

20,

19.

18.

17.

16.

15,

14,

13.

12,

11.

10.

(continued)

Sandstone and siltstone, inter-layered, 1i-
ght bluish gray (5B7/1), parallel beddlng,

interference ripples;

Sandstone, quartzose, fine-grained, light

slope-former .

bluish gray (5B7/1), parallel bedding,

interference ripples, some parallel

laminae; slope-former

Siltstone, pale red (5R6/2),

laminae; slope-former

Siltstone, pale blue (5PB7/2), bedding obscure,
slope former . . e

(parallel ?);

Siltstone, lightred (5R6/6), parallel

bedding; slope-former

Sandstone, quartzose, fine-grained, light brown
parallel bedding, cross-strata

(5YR6/4),

.

possibly present; cliff-former .

Sandstone, quartzose, fine-grained, light brown
scours; cliff-former .

(5YR6/4),

Sandstone,

Sandstone, quartzose, very fine-grained, pale

blue green (5B67/2),

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

Sandstone, quartzose, fine-grained to very fine-
grained, light brown (5YR6/4), parallel bedding
and laminae; cliff-former o e e e e

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

cliff-former . . . .

Sandstone and siltstone, interlayered, grayish
red (1OR4/2), parallel bedding, interference

ripples; cliff-former

.

parallel bedding and

quartzose, fine - to medium-grained, 1i-
ght brown (5YR6/4), parallel bedding and laminae

bedding obscure; cliff-former .

°

°

°

°

°

°

°

°

.
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Thickness
(Feet)

1.75

« » H.75

. . 10.5

1.25

0.75

0.25

1.25

2.25
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Section H, (continued)

Thickness
(Feet)

7. Siltstone and sandstone, quartzose,
fine-grained, interlayered, moderate
reddish brown (10R5/4), contorted laminae, sand injected
up to 6 inches into overlying bed; slope-former . . . . . . 3.25

6. Siltstone and sandstone, quartzose, very fine-
grained, interlayered, pale reddish brown (10R5/4),
laminae possibly contorted, parallel bedding;
slope-former . . . + ¢ « + « o v ¢ v 4 4 e 4 s e s 4 e 4 s & 2.5

5. Sandstone, quartzose, fine-grained, pale reddish
brown (10R5/4), interference ripples, increasingly
calcareous upward; slope-former . . . . . . . . . . . . . . 2,75

4, Sandstone and siltstone, pale reddish brown
(10R5/4), steep cross-laminae, some sand
injections; slope-former . . . . . . . . + + ¢ ¢ ¢+« . . . 4.0

3, Mudstone, dark reddish brown (1O0R3/u4),
contorted; slope-former . . . . . . . . .+ ¢+ .+« v . o« . 0.75

2. Calecisiltite, light red (566/6), dlocal gypsum
and: calcite; parallel bedding, laminae
obscure; slope-former . . . . . . ¢ . ¢ ¢ ¢ v 4 4 4 s . . . 2.5

1. Sandstone, quartzose, medium-grained, moderate
reddish brown (1lOYR5/4), beddlng obscure,
slope-former . . . . . . . . . . . Y ¢ Y S

Total . & ¢ o v o v v v e i e v et e e e s s e e e . 4 . . . 83.0

Navajo Formation



I-15, Justensen Flats, Lat. (approx.) 36°50'35"N, Long.

71

Carmel Formation: Section I, exposure in road cut for Interstate

110°53'40"W; NE/4, NW/4, Sec. 3, R9E, T23S.

24,

23.

22,

21.

20.

19.

18.

17.

16.

15.

14,

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

Calcisiltite, light blue (5B7/6), weathers yellowish
gray (5Y7/2), calcilutite interbeds, wavy
parallel bedding; cliff-former . . . . . . . . . . . .

Calcisiltite, light blue (5B7/6), parallel
bedding; slope-former . . . e e e e e e e e e

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 (5Y8/4), and moderate red (5R5/4),
parallel bedding; cliff-former . . . . . . . . . .

Anhydrite, very light gray (N8), streaks of
dusky red (5R3/4); slope-former . . . . . . « . .+ . .

Gypsum, very light gray (N8), contorted, calcilutite
clasts, veinlets extend into underlying bed . . . . .

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

Calcisiltite, dusky red (5R3/4), parallel

bedding, gypsum stringers parallel to

bedding planes, irregular contact with

underlying and overlying beds . . . . . . . . . . . .

Calcisiltite, pale reddish brown (10R5/4), thin gypsum
veinlets approximately parallel bedding, calcite
along joints, load casts at base; cliff-former . . . .

Calcisiltite, medium light gray (n6) and light
olive gray (5Y5/2), 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 (N5), fissile, ripplemarked calcisiltite
dominates upwards . . . . 0 v 0 v e e e w e e e e

(approx.)

Thickness
(Feet)

36.5

. 1.75

. 16.75

15.0

12.0
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Carmel Formation: Section I, exposure in road cut for Interstate
I1-15, Justensen Flats, Lat (approx.) 36°50'35'"N, Long, (approx.)
110°53'40"W; NE/4, NW/4, Sec. 3, R9E, T23S.

Thickness
(Feet)
Top of measured section; thick monoteonous sequence
of calcisiltite lies above unit 24 at this locality.
24, Calcisiltite, 1t. blue (5B7/6), weathers yellowish
gray (5Y7/2), calcilutite interbeds, wavy .
parallel bedding; cliff-former . . . . . . . . . . . . . . . 36,5
23. Calcisiltite, 1lt. blue (5B7/6), parallel
bedding; slope-former . . . . +« « ¢ ¢ 4+ ¢« 4 + ¢ 4 4+« . . 1.75
22. Mudstone, calcareous, grayish orange (10YR7/4),
locally grayish green (10G4/2), parallel beddlng,
thick laminae; slope-former . . . . . . . . . v e+« . . 16.75
21. Calcisiltite, variegated grayish orange (10YR7/4),
grayish yellow (5Y8/4), and moderate red (5R5/4),
parallel bedding; cliff-former . . . . . . . . . . . . . . . 1.5
20. Anhydrite, very 1lt. gray (N8), streaks of
dusky red (5R3/4); slope-former . . . . + « « « ¢« « « « . . 1.0
19. Gypsum, very lt. gray (N8), contorted, calcilutite
clasts, veinlets extend into underlying bed . . . . . . . . 8.0
18. Calcisiltite, gypsum stringer, contorted,
1t. gray (N7); cliff-former . . . . « ¢« . « v ¢« « v « « « . 2.5
17. Calcisiltite, dusky red (5R3/4), parallel
bedding, gypsum stringers parallel to
bedding planes, irregular contact with
underlying and overlying beds. . . . . . . . . . +« ¢« . .« . . 3.5
16. Calcisiltite, pale reddish brown (10R5/4), thin gypsum
veinlets approximately parallel bedding, calcite
along joints, load casts at base; cliff-former . . . . . . . 15.0
15. Calcisiltite, med. 1lt. gray (N6) and 1t.
olive gray (5Y5/2), with red partings,
deformed at top; parallel beds, thin laminae,
some low-angle bottom-tangent cross-strata that dip
eastward, calcite vugs near tOp . + ¢ « + « ¢« o o « o o & » 12.0

14, Shale and calcisiltite, interlayered, med. gray
(N5), fissile, ripplemarked calcisiltite
dominates upwards . . « +« + ¢ .+t v s 4 e e e e . . o« 9.5
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Section I, (continued)

Thickness
(Feet)
13. Calcilutite, dusky red (5R3/6), wavy parallel
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 . . . P I 0]
10, Mudstone, light gray (N7), fissile, slope-forming
interbeds alternate with cliff-forming interbeds . . . . . . 1.5
9. Mudstone, light gray (N7),.dense, flat,
parallel laminae; cliff-former . . . . . . . . . . . . .. . 0.5
.8. Siltstone, medium light gray.(N6), rare.unidentified
fossils; cliff-forming interbeds alternate
with thin slope-forming interbeds . . . . . . . . . . . . . . 3.5
'7., Siltstone, greenish gray (5G6/1), fissile,
obscure bedding; slope-former . . . . + . ¢ 4 +« s ¢« + s+ o+ « « 0.5
6. Calcarenite and calcisiltite, interlayered,
dark yellowish orange (10YR6/6), parallel
bedding, rare and broken fossils . . . . . . . . . . . . . . 0.75
5. Siltstone, pale green (10G6/2), thin
parallel laminae . . « ¢« ¢ 4 4« « 4 4 e e 4 e 4 e s e e e . . 0.5
4, Calcarenite, light gray (N7), thin
laminae; slope-former . . . . . . . . . . . . . . o v . .. . 1.5
3. 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 . . . . . « « « . . 2.75
2. Siltstone, pale green (5G6/2), wavy parallel
bedding, flat-topped ripples near top of bed . . . . . . . . 0.75
1. Sandstone, quartzose, fine-grained, pale
yellowish orange (10YR8/6), local lenses and
green plates of siltstone; slope-former . . . . . . . . . . . 0.25
Total o« & & ¢ 4 v & 6 e 4 e s 4 4 s 4 4 s s e s e s s . s s . . 133.00

Navajo Formation



Secti

13.

1l2.

11.

10.

Total

on I, (continued)

Calcilutite, dusky red (5R3/6), wavy parallel
bedding, rare Trigonia sp., some vugsj; slope-former .

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

Shell-hash, calcarenite matrix, pale green

(10G6/2) and med. 1lt. gray (N6), probable

cross~stratay slope-former . . . . . . . .« . & ¢ . .
Mudstone, 1lt. gray (N7), fissile, slope-forming
interbeds alternate with cliff-forming interbeds . . .

Mudstone, 1lt. gray (N7), dense, flat, parallel
laminae; cliff-former . . . I

Siltstone, med. 1lt. 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 . . .« ¢« ¢ ¢ ¢ ¢ 4 e v e e e 6 e e e

Calcarenite, 1lt. gray (N7), thin laminae;
slope-former . . . . « & « ¢ ¢ @ o v 4 s 4w e e s

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 . . . . . . . .

° . . . . . . . ° . . . . . . - . . . . . . 3 . .

Navajo Formation
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Thickness
(Feet)

. 1.25

0.25

. 11.0

0.75

0.25

. 133.0
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