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Abstract—In Colorado National Monument near Grand Junction in western Colorado, we assign the Jurassic strata
between the Entrada Sandstone and the Brushy Basin Member of the Morrison Formation to the Summerville For-
mation and overlying Salt Wash Member of the Morrison Formation. This differs from recent mapping by Scott et al.,
who assigned these strata to the Wanakah Formation (= lower Summerville of our usage), Tidwell Member of Morrison
Formation (= upper Summerville and lower Salt Wash of our usage) and Salt Wash Member of Morrison Formation
( = upper Salt Wash of our usage). In our view, assignment of the lower part of the Salt Wash Member to the Tidwell
Member by Scott et al. is not supported by the lithology of the strata in question, and is confusing for regional
stratigraphic correlations. Strata of Tidwell lithology at Colorado National Monument form only a thin (~8 m thick)
succession of thin-bedded strata that we treat as sandy upper Summerville Formation because the lithologic change at
the base of the Salt Wash Member (of our usage) is more pronounced and of great utility in regional correlation.

INTRODUCTION

In western Colorado at the northern end of the Uncompahgre Pla-
teau, in the vicinity of Grand Junction, the base of the Upper Jurassic
Morrison Formation was long placed at the base of the Salt Wash Member,
directly overlying the Summerville Formation (e.g., Craig et al., 1955, 1959;
Wright et al., 1962; Lohman, 1963, 1965, 1981; Cashion, 1973; Jamison
and Stearns, 1982). However, recent mapping in the Grand Junction area
by Scott et al. (2001, 2002; also see Cole et al., 1999) has altered that
stratigraphy by identifying the Tidwell Member of the Morrison Formation
between Salt Wash Member strata (above) and strata of the Wanakah For-
mation (below). Here, we contend that this new approach to the Morrison
Formation stratigraphy in the Grand Junction area is based on a
misappreciation of the nature and regional stratigraphic position of the
Tidwell Member and thus promulgates a miscorrelation of that unit. In-
stead, the previously advocated stratigraphy of this interval (see especially
Lohman, 1965) is correct and should continue to be employed.

To document our conclusion, we review in detail the lithostratigraphy
of the interval between the Entrada Sandstone and the Brushy Basin Mem-
ber of the Morrison Formation at Artists Point in Colorado National Monu-
ment (Figs. 1-4). This very accessible section is excellently exposed and
well represents the Entrada-Morrison interval in the Grand Junction area;
thus, it has been considered exemplary of that stratigraphy by previous
workers, especially Lohman (1965, p. 47-48, fig. 18; 1981, fig. 20) and
Scott et al. (2001, p. 15).

LITHOSTRATIGRAPHY

Introduction

We measured a stratigraphic section at Artists Point from the top of
the Entrada Sandstone to the base of the Brushy Basin Member of the
Morrison Formation (Figs. 2-4, Appendix). Here, we describe that section
using the lithostratigraphic nomenclature we advocate (also see Appen-
dix).

Entrada Sandstone

At Artists Point, the top of the Entrada Sandstone is exposed just
east of Rim Rock Drive (Figs. 1, 3). It is a yellowish-gray sandstone with
thick, tabular bedding that was assigned to the Moab Member by Wright et
al. (1962) and Lohman (1965), among others. Scott et al. (2001) rejected
that assignment, but discussion of regional Entrada Sandstone stratigraphy
is beyond the scope of this paper. The important point is that all workers
agree that the top of the Entrada Sandstone is exposed just east of the road
at Artists Point.

FIGURE 1. Index map of Colorado National Monument and simplified geologic
map of Artists Point (modified from Scott et al., 2001) showing location of measured
section in Figure 2.
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Summerville Formation

At Artists Point, the Summerville Formation is ~ 18 m thick and
rests with a sharp, planar contact on the Entrada Sandstone (Figs. 2-3).
About two-thirds of the Summerville thickness (69% of the measured sec-
tion) is mudstone/shale; sandy siltstone (9% of the section) and sandstone
(22%) comprise the rest of the formation. These strata are color banded
green (greenish gray, olive gray and yellowish gray) and red (grayish red,
moderate red and reddish brown), and the bedding is generally tabular,
laterally (locally) continuous and repetitive, a characteristic of Summerville

strata throughout their outcrop belt (e.g., Anderson and Lucas, 1992, 1994,
1996; Lucas and Anderson, 1997).

 The Summerville strata at Artists Point can be divided into two in-
tervals. A lower interval (units 2-8 of the measured section: Fig. 2) consists
of red- and green-banded mudstone and siltstone. The upper interval (units
9-15 of the measured section: Fig. 2) is sandstone and shale dominated.
The base of unit 9 marks the boundary between the two intervals and is
marked by a sharp increase in grain size from underlying Summerville strata.
Indeed, the lower part of unit 9 contains scattered chert, lithic and mud
pebbles and has a sharp contact on underlying strata, which are bleached
green immediately below that contact (Fig. 2, unit 8; Fig. 4A-B). Also,
bedding is somewhat more lenticular above the base of unit 9 than below.

No gypsum is present in the Summerville Formation at Artist’s Point,
but halite pseudomorphs are present in units 9 and 13 (Fig. 4D). Bioturbation
in some beds consists of horizontal invertebrate feeding traces, and unit 13
contains the pterosaur footprint Pteraichnus (Fig. 4C), a common type of
track in Summerville strata (Lockley et al., 1996).

Morrison Formation

Salt Wash Member

At Artists Point, the stratigraphic interval we assign to the Salt Wash
Member is approximately 68 m thick and consists of mudstone (62% of
the measured section), sandstone (37% of the section) and minor conglom-
eratic sandstone (Fig. 2). The mudstone is red (dark reddish brown, pale
brown, moderate red and pale red) and green (pale olive, light greenish
gray), sandy or silty, calcareous and forms relatively thick (up to 8 m) slopes
between sandstone ledges. Some mudstone intervals contain thin, lenticu-
lar sandstones and thin ledges of sandy limestone that are of both lacus-
trine and pedogenic origin.

The sandstone beds are yellowish gray to greenish gray, quartzose
with some feldspar grains, very fine to medium grained and mostly display
trough crossbeds and/or ripple laminations (Fig. 4E-F). They form ledges
and benches throughout the section, and one thick, multistoried sandstone
interval near the middle of the section (Fig. 2, units 29-31) forms the “is-
lands in the sky” around Artists Point. The base of the Salt Wash Member
is a 0.6-m-thick ledge of conglomeratic sandstone (Fig. 2, unit 16; Fig. 4E)
that has a sharp and scoured base into the underlying sandstone at the top
of the Summerville Formation.

Brushy Basin Member

We picked the base of the Brushy Basin Member at the top of the
highest, laterally persistent ledge of Salt Wash Member sandstone beneath
a thick, mudstone-dominated slope (Fig. 2).

DISCUSSION

Our placements of the top of the Entrada Sandstone and the base of
the Brushy Basin Member of the Morrison Formation are the same as those
of previous workers, including Scott et al. (2001). However, as mentioned
above, Scott et al. (2001) used a different lithostratigraphic nomenclature
than we advocate for the interval between the Entrada Sandstone and Brushy
Basin Member (Fig. 5).

Wanakah vs. Summerville

Scott et al. (2001) used the term Wanakah Formation for the inter-
val we term lower interval of the Summerville Formation (Fig. 2, units 2-
8). Scott et al. (2001) justified that decision by arguing that these strata lack
gypsum, which distinguishes them from Summerville strata to the south
and west (though Summerville sections that lack gypsum are known: Lucas
and Anderson, 1997). Furthermore, they cited O’Sullivan’s (1980, 1992)
conclusion that no Summerville strata are present in western Colorado, so
the name Wanakah Formation should be applied to strata in this region
previously termed Summerville Formation.

However, Anderson and Lucas (1992, 1994, 1996, 1998) and Lucas

FIGURE 2. Measured section of the stratigraphic interval between the Entrada
Sandstone and the Brushy Basin Member of the Morrison Formation at Artists Point
in Colorado National Monument. See Appendix for description of numbered
lithologic units and Figure 1 for location. Units 9-15 have the lithology of the Tidwell
Member as mapped by other workers elsewhere.
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and Anderson (1997) have questioned O’Sullivan’s (1980, 1992) conclu-
sions, pointing out that: (1) Wanakah Formation, as proposed for Jurassic
strata in western Colorado by Burbank (1930), is a preoccupied stratigraphic
name and should not be used; and (2) Summerville strata thin eastward but
are continuous from eastern Utah into western Colorado, so the name
Wanakah Formation for these strata is unnecessary. Therefore, recognition
of a thin Summerville section in western Colorado should continue, fol-
lowing longstanding usage. The name Wanakah Formation as used by Scott
et al. (2001) at Colorado National Monument is disfavored here. Also, note
that whether the name Wanakah or Summerville is used locally for strata
between the Entrada Sandstone and the Morrison Formation does not af-
fect our arguments regarding the correct placement of the base of the Salt
Wash Member of the Morrison Formation.

Tidwell Base

At Artists Point, the Summerville Formation can be divided into two
intervals marked by a distinctive sandstone bed approximately 10 m above
its base (Fig. 2, unit 9). Scott et al. (2001) identified this sandstone as “Bed
A,” which is considered to mark the Tidwell Member base in western Colo-
rado (e.g., O’Sullivan, 1992), so they mapped it as the base of the Tidwell
Member. We agree tentatively with this correlation (though O’Sullivan and
Pipiringos, 1983, clearly did not), and correlate the upper part of the
Summerville Formation of our section (Fig. 2, units 9-15) to the Tidwell
Member. However, we follow Anderson and Lucas (1992, 1994, 1995,
1996, 1997, 1998) and Lucas and Anderson (1997) in considering the
Tidwell to be a member of the Summerville Formation, not of the Morrison
Formation. Furthermore, we emphasize that correlation of unit 9 in our
section to Bed A is tentative, as Bed A is much thicker to the south
(O’Sullivan, 1992) and not even identified in some Tidwell sections to the
west, in eastern Utah (Bernier, 2003).

Salt Wash Base

 We identify the base of the Salt Wash Member of the Morrison
Formation as a 0.6-m thick conglomeratic, trough-crossbedded sandstone
with a scour base into underlying Summerville sandstone (Fig. 2, unit 16;
Fig. 4E). Above this bed is a 6.5-m thick interval of red and green banded
sandy mudstone with a few thin (0.1-m thick) sandstone ledges. Above

that is an approximately 3 m thick bench of coarse-grained, trough-
crossbedded sandstone (Fig. 2, unit 18; Fig. 4F) that is essentially identical
in lithology to unit 16, except that it is not as pebbly. Indeed, the entire Salt
Wash Member section we identify is a succession of sandstones similar to
units 16 and 18 and interbedded mudstone slopes.

Identification of these strata as Salt Wash Member is readily justi-
fied by comparing them to the type Salt Wash Member section northwest
of Moab, Utah, which they closely resemble in lithology, stratigraphic posi-
tion and weathering characteristics (Lupton, 1914; see especially Ander-
son and Lucas, 1998, fig. 6, p. 67-69). Indeed, assignment of these strata
to the Salt Wash Member has been advocated by all workers (e.g., Craig et
al., 1955, 1959; Wright et al., 1962; Lohman, 1963, 1965; Cashion, 1973;
Jamison and Stearns, 1982; Peterson and Tyler, 1985; Peterson and Turner-
Peterson, 1987) except Scott et al. (2001, 2002).

Instead, Scott et al. (2001) included the lower part of the Salt Wash
Member (units 16-28 of our measured section, an interval about 35 m
thick: Fig. 2) in the Tidwell Member of the Morrison Formation. However,
they did not address the fact that this differed from previous stratigraphic
usage. We reject Scott et al.’s inclusion of much of the Salt Wash Member
in the Tidwell Member as a stratigraphic designation that is lithologically
inappropriate. Particularly significant is the fact that Tidwell strata at the
type section in eastern Utah and throughout their outcrop area do not at all
resemble most of the strata at Colorado National Monument that Scott et
al. (2001) included in that unit.

Thus, the Tidwell Member is characterized by the following litholo-
gies (in descending order of abundance): (1) laminated to very thin-bed-
ded, calcareous mudstone or siltstone with nodular gypsum; (2) very thin-
to thin-bedded, tabular bodies of very fine- to fine-grained, calcareous sand-
stone that typically display ripple marks or climbing ripples; (3) thin, sheet-
like bodies of thinly-bedded, very fine- to fine-grained, calcareous sand-
stone; (4) thin-bedded calcareous siltstone; (5) nodular chert concretions;
and (6) lenticular beds of fine-grained, calcareous sandstone that display
trough crossbeds, ripple laminations or are massive (O’Sullivan, 1984, 1992;
Peterson, 1988; Lucas and Anderson, 1997; Bernier, 2003). These litholo-
gies are well displayed by the type section of the Tidwell Member (Fig.6),
but are not present in the majority of the strata at Colorado National Monu-
ment that Scott et al. (2001) mapped as Tidwell Member.

Clearly, in the Colorado National Momunent, the mapping base of

FIGURE 3. Overview of lower part of section measured at Artists Point (essentially the same photograph as published by Scott et al., 2001, p. 15).
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FIGURE 4. Selected photographs of Summerville Formation and Salt Wash Member strata at Artists Point. A, Overview of upper part of Summerville Formation; light-
colored bed at man’s waist is unit 9 of measured section (Fig. 2). B, Closeup of unit 9 of measured section (light colored bed). C, Footprint of Pteraichnus (below pen) in
bed 13. D, Halite pseudomorphs in bed 9. E, Basal trough-crossbedded, pebbly sandstone (unit 16 of measured section) of Salt Wash Member. F, Typical trough-
crossbedded sandstone of Salt Wash Member (unit 18 of measured section).
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FIGURE 5. Comparison of stratigraphic nomenclature of Entrada-Brushy Basin
interval at Artists Point used by Scott et al. (2001) and that advocated in this paper.

the Salt Wash Member of Scott et al. (2001, 2002) is the large,
multistoried sandstone complex (Fig. 2, units 29-31) that forms the
“islands in the sky” around Artists Point. However strata of this com-
plex and overlying strata (Fig. 2, units 29-41) that Scott et al. (2001)
mapped as Salt Wash Member do not differ from the immediately un-
derlying strata (Fig. 2, units 16-28) that they assigned to the Tidwell
Member. The only possible difference, and this was stressed by Scott
et al. (2001), is the presence of thin limestone beds in the interval they
mapped as Tidwell Member (Fig. 2, unit 24). However, such lime-
stone beds, which are either of lacustrine or pedogenic origin, are found
regionally in the Salt Wash Member (e.g., Craig et al., 1955, 1959)
and are not characteristic of the Tidwell Member.

Therefore, we advocate returning most of the section Scott et al.
(2001) mapped as Tidwell Member to the Salt Wash Member. This elimi-
nates an evident miscorrelation caused by Scott et al.’s mapping, which
equated a substantial portion of the Salt Wash Member to strata that are
older, namely those of the Tidwell Member.

Our conclusion, then, is largely a redux of earlier mapping and re-
gional stratigraphy. In the Colorado National Monument, the base of the
Morrison Formation is the base of the Salt Wash Member on strata of the
Summerville Formation. The Summerville Formation can be divided into
two intervals, and the upper interval is probably the Tidwell Member.

ACKNOWLEDGMENTS

The Colorado National Monument generously permitted field re-
search. Joshua Smith assisted in the field. Reviews by Orin Anderson,
William Chenoweth and Richard Livaccari improved the manuscript.

REFERENCES

Anderson, O. J. and Lucas, S. G., 1992, The Middle Jurassic Summerville Forma-
tion, northern New Mexico: New Mexico Geology, v. 14, p. 79-92.

Anderson, O. J. and Lucas, S. G., 1994, Middle Jurassic stratigraphy, sedimentation
and paleogeography in the southern Colorado Plateau and southern High Plains;
in Caputo, M. V., Peterson, J. A. and Franczyk, K. J., eds., Mesozoic systems of
the Rocky Mountain region: Denver, RMS-SEPM, p. 299-314.

Anderson, O. J. and Lucas, S. G., 1995, Base of the Morrison Formation, Jurassic,
of northwestern New Mexico and adjacent areas: New Mexico Geology, v. 17,
p. 44-53.

Anderson, O. J. and Lucas, S. G., 1996, Stratigraphy and depositional environ-
ments of Middle and Upper Jurassic rocks, southeastern San Juan Basin, New
Mexico: New Mexico Geological Society, Guidebook 47, p. 205-210.

Anderson, O. J. and Lucas, S. G., 1997, The Upper Jurassic Morrison Formation in
the Four Corners region: New Mexico Geological Society, Guidebook 48, p.
139-155.

Anderson, O. J. and Lucas, S. G., 1998, Redefinition of Morrison Formation (Upper
Jurassic) and related San Rafael Group strata, southwestern U. S.: Modern Ge-
ology, v. 22, p. 39-69.

Bernier, J. C., 2003, Stratigraphy and sedimentology of the Tidwell Member, Upper
Jurassic Morrison Formation, east-central Utah [M. S. thesis]: Salt Lake City,
University of Utah, 232 pp.

Burbank, W. S., 1930, Revision of geologic structure and stratigraphy in the Ouray
district of Colorado and its bearing on ore deposition: Colorado Scientific Soci-
ety Proceedings, v. 12, no. 6, 221 pp.

Cashion, W. B., 1973, Geologic and structure map of the Grand Junction quad-
rangle, Colorado and Utah: U. S. Geological Survey, Miscellaneous Investiga-
tions Map I-736, scale 1:250,000.

Cole, R. D., Hood, W. C. and Scott, R. B., 1999, Sedimentologic reevaluation, high-
resolution gamma-ray log, and landslide hazards of the stratigraphic section at

Colorado National Monument, western Colorado: Geological Society of America,
Abstracts with Programs, v. 31, no. 7, p. A-283.

Craig, L. C., Holmes, C. N., Cadigan, R. A., Freeman, V. L., Mullens, T. E. and
Weir, G. W., 1955, Stratigraphy of the Morrison and related formations, Colo-
rado Plateau region, a preliminary report: U.S. Geological Survey, Bulletin 1009-
E, p. 125-168.

Craig, L. C., Holmes, C. N., Freeman, V. L., Mullens, T. E. and others, 1959, Mea-
sured sections of Morrison and adjacent formations: U. S. Geological Survey,
Open-file Report 59-24.

Jamison, W. R. and Stearns, D. W., 1982, Tectonic deformation of Wingate Sand-
stone, Colorado National Monument: American Association of Petroleum Ge-
ologists Bulletin, v. 66, p. 2584-2608.

Lockley, M. G., Hunt A. P. and Lucas, S. G., 1996, Vertebrate track assemblages
from the Jurassic Summerville Formation and correlative deposits: Museum of
Northern Arizona Bulletin 60, p. 249-254

Lohman, S. W., 1963, Geologic map of the Grand Junction area, Colorado: U. S.
Geological Survey, Miscellaneous Investigations Map I-404, scale 1:31,680.

Lohman, S. W., 1965, Geology and artesian water supply, Grand Junction area,
Colorado: U. S. Geological Survey, Professional Paper 451, 149 p.

Lohman, S. W., 1981, The geologic story of Colorado National Monument: U. S.
Geological Survey, Bulletin 1508, 142 p.

Lucas, S. G and Anderson, O. J., 1997, The Jurassic San Rafael Group, Four Cor-
ners region: New Mexico Geological Society, Guidebook 48, p. 115-132.

Lupton, C. T., 1914, Oil and gas near Green River, Grand County, Utah: U. S.
Geological Survey, Bulletin 541, p. 115-133.

O’Sullivan, R. B., 1980, Stratigraphic sections of Middle Jurassic San Rafael Group
and related rocks from the Green River to the Moab area in east-central Utah: U.
S. Geological Survey, Miscellaneous Field Studies Map MF-1247.

O’Sullivan, R. B., 1984, The base of the Upper Jurassic Morrison Formation in



14
east-central Utah: U. S. Geological Survey, Bulletin 1561, 17 p.

O’Sullivan, R. B., 1992, The Jurassic Wanakah and Morrison formations in the
Telluride-Ouray-Western Black Canyon area of southern Colorado: U. S. Geo-
logical Survey, Bulletin 1927, 24 p.

O’Sullivan, R. B. and Pipiringos, G. N., 1983, Stratigraphic sections of Middle
Jurassic Entrada Sandstone and related rocks from Dewey Bridge, Utah, to
Bridgeport, Colorado: U. S. Geological Survey, Oil and Gas Investigations Chart
OC-122.

Peterson, F., 1988, Stratigraphy and nomenclature of Middle and Upper Jurassic
rocks, western Colorado Plateau, Utah and Arizona: U. S. Geological Survey,
Bulletin 1633-B, p. 17-56.

Peterson, F. and Turner-Peterson, C. E., 1987, The Morrison Formation of the Colo-
rado Plateau: Recent advances in sedimentology, stratigraphy and
paleotectonics:Hunteria, v. 2, no. 1, 18 p.

Peterson, F. and Tyler, N., 1985, Field guide to the upper Salt Wash alluvial com-
plex; in Flores, R. M. and Harvey, M. D., eds., Field guidebook to modern and
ancient fluvial systems in the United States: Proceedings, Third International
Fluvial Sedimentology Conference, Fort Collins, Colorado, p. 45-64.

Scott, R. B., Carrara, P. E., Hood, W. C. and Murray, K. E., 2002, Geologic map of
the Grand Junction quadrangle, Mesa County, Colorado: U. S. Geological Sur-
vey, Miscellaneous Field Studies Map MF-2363, scale 1:24,000.

Scott, R. B., Harding, A. E., Hood, W. C., Cole, R. D., Livaccari, R. F., Johnson, J.
B., Shroba, R. R. and Dickerson, R. P., 2001, Geologic map of Colorado Na-
tional Monument and adjacent areas, Mesa County, Colorado: U. S. Geological
Survey Geologic Investigation Series I-2740, 40 p, scale 1:24,000.

Wright, J. G., Shawe, D. R. and Lohman, S. W., 1962, Definition of members of
Jurassic Entrada Sandstone in east-central Utah and west-central Colorado:
American Association of Petroleum Geologists Bulletin, v. 46, p. 2057-2070.

APPENDIX 1

Measured stratigraphic section at Artists Point

Measured in NW1/4 sec. 30 (unsurveyed), T11S, R2W, Mesa County, Colo-
rado. Base at UTM zone 12, 0696935E, 4327101N (NAD 27) just below Rim
Rock Drive, and top at 696147E, 4326845N.
Unit lithology thickness (m)
Morrison Formation:
Brushy Basin Member:
42.   Sandy mudstone; pale red (10R6/2); not calcareous. not measured
Salt Wash Member:
41.   Sandstone; yellowish gray (5Y8/1); very fine to fine grained;
quartzose; calcareous; trough crossbeds; forms a bench. 1.1
40.   Sandy mudstone; same color and lithology as unit 36; forms a slope
with a sandstone lens in it that has same lithology as unit37.  2.2
39.   Sandstone; yellowish gray (5Y8/1); very fine grained; quartzose;
calcareous; ripple laminated and bioturbated. 0.4
38.   Sandy mudstone; same color and lithology as unit 36. 0.4
37.   Sandstone; yellowish gray (5Y8/1); very fine grained; quartzose;
not calcareous; ripple laminated.          0.4
36.   Sandy mudstone; dark reddish brown (10R3/4); calcareous. 3.7
35.   Sandstone; yellowish gray (5Y8/1); medium grained; quartzose;
not calcareous; trough crossbeds; ledge.        2.2
34.   Mudstone; same color and lithology as unit 32. 4.7
33.   Sandstone; light greenish gray (5GY8/1); fine to medium
grained; quartzose; trough crossbeds; bench.          1.9
32.   Mudstone; banded grayish red (5R4/2) and pale olive
 (10Y6/2); slightly sandy.               8.0
31.   Sandstone; light greenish gray (5GY8/1); fine to medium grained;
quartzose; not calcareous; trough crossbeds; units 29-31form a large bench.     6.3
30.   Sandstone; yellowish gray (5Y7/2); very fine grained;
silty; quartzose; very calcareous; ripple laminated; flaggy,
with a few thin mudstone lenses; forms a notch between units 29 and 31.    1.9
29.   Sandstone; light greenish gray (5GY8/1); very fine to finegrained;
quartzose; calcareous; trough crossbeds.  3.1
28.   Silty mudstone; banded pale brown (5YR5/2) and light
 greenish gray (5GY8/1); very calcareous; forms a slope with some
sandstone lenses like unit 21.               3.6
27.   Sandstone; light greenish gray (5GY8/1); very fine grained;
quartzose; calcareous; trough crossbeds; forms a bench.                                     1.9
26.   Mudstone; same color and lithology as unit 24. 2.5
25.   Sandstone; yellowish gray (5Y8/1); very fine to fine grained;
quartzose; very calcareous; trough crossbeds; forms a ledge.                              2.0
24.  Mudstone; greenish gray (5GY6/1); very calcareous;

forms a slope with some nodular ledges of light greenish gray
(5GY8/1) sandy limestone (calcrete).       6.5
23.   Sandstone; yellowish gray (5Y8/1); very fine to fine grained;
quartzose; moderately calcareous; trough crosbbeds and ripple
laminations; forms a ledge.   0.9
22.   Mudstone; banded moderate red (5R5/4) and light greenish
gray (5GY8/1); moderately calcareous.             3.0
21.   Sandstone; light brownish gray (5YR6/1); very fine to fine grained;
quartzose; hematitic; very calcareous; ripple laminated; forms a bench.             0.6
20.   Mudstone; same color and lithology as unit 17.               2.2
19.   Sandstone; pale greenish yellow (10Y8/2); very fine to medium
 grained; hematitic; very calcareous; laminar bedding; friable; units
 18-19 form a bench.                                 0.4
18.   Sandstone; light greenish gray (5GY8/1); very fine to medium
 grained; quartzose; very calcareous; trough crossbeds.                                 2.4
17.   Mudstone; pale red (10R6/2); very calcareous; with a few thin
(0.1 m) light greenish gray (5GY 8/1) beds of very fine to medium
grained, quartzose sandstone.                                  6.5
16.   Conglomeratic sandstone; light greenish gray (5GY8/1);
 mudstone chips up to 5 mm in diameter in a very fine- to coarse-grained
quartzose sandstone matrix; very calcareous; trough crossbeds;
 scour base; forms a bench.             0.6
Summerville Formation:
15.   Sandstone; yellowish gray (5Y7/2); very fine grained;  quartzose;
very calcareous; some lenses of shale like unit 14; ripple laminated
and small trough crossbeds.                                                   1.4
14.   Shale; greenish gray (5GY6/1); not calcareous.                                           2.1
13.    Sandstone; grayish yellow green (5GY 7/2); quartzose; silty
 and very fine grained; very calcareous; ripple laminated with horizontal
 burrows, Pteraichnus and halite pseudomorphs; forms a ledge.             0.7
12.   Sandstone; dusky yellow (5Y6/4); quartzose; silty and very fine grained;
very calcareous; ripple laminated.  0.8
11.   Sandstone; light greenish gray (5GY8/1); quartzose;  silty and
 very fine grained; very calcareous; ripple  laminated; forms a ledge.               0.4
10.   Siltstone; light olive gray (5Y6/1); moderately calcareous;
forms a ribbed cliff.              1.5
9.    Sandstone; pale reddish brown (5YR5/2) andlight greenish gray
 (5GY8/1); quartzose; silty and very fine grained; has pebbles at
base of chert, lithics and mudstone; slightly calcareous; very finely
 laminated; ripple laminated; horizontal burrows and halite
pseudomorphs; forms a ledge.                                                    0.7
8.    Sandy siltstone; greenish gray (5GY6/1); moderately calcareous.            0.1
7.    Sandy mudstone; light olive gray (5Y6/1); very calcareous;
has nodules of limestone.             1.4
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6.    Mudstone; greenish gray (5GY6/1); slightly sandy; very calcareous;
polygonal shrinkage fractures.              1.2
5.    Shale; light greenish gray (5GY8/1); not calcareous; contains
thin bands of sandy limestone.               2.5
4.    Silty mudstone; moderate red (5R5/4); moderately calcareous.  0.7
3.    Silty shale; purple band; not calcareous.  0.2
2.    Sandy mudstone; grayish red (5R4/2); calcareous; with light

 greenish gray (5GY8/1) limestone nodules.                   4.2
Entrada Sandstone:
1.    Sandstone; yellowish gray (5Y8/1) with light brown (5YR6/4)
 speckles; fine to medium grained; quartzose;  hematitic; moderately
 calcareous; thickly laminated; top bioturbated.               not measured
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