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3,272-3,475 ft, 8 readings

2,901-3,025 ft, 23 readings

1,593-1,621 ft, 19 readings

1,728-1,903 ft, 27 readings

1,623-1,837 ft, 8 readings

Gray shale, silty, sandy, and calcareous gray shale of offshore
marine origin

Sandstone deposited in shoreface, nearshore marine, and marine
shelf environments

Coal-forming environments consisting of medium to dark-gray shale
carbonaceous shale, coal, lenticular fluvial channel sandstone,
and thin, persistent crevasse splay sandstones.

Fluvial sandstones and gray shales with carbonaceous shale
and sparse coal beds generally less than 3 ft thick

Sandy fluvial deposits consisting mostly of thick, amalgamated
fluvial sandstones and gray shale.

Mostly gray mudstone and siltstone with
sparse, generally mud-filled channel sandstones.

Marginal lacustrine sandstone, siltstone,  and mudstone typically
forming sanding upwards cycles

Gray shale, silty and sandy gray shale, siltststone, and mudstone
sandstone, and minor carbonaceous shale and coal deposited
in nearshore marine and estuarine setting

Abbreviations used: Ss, sandstone; Ls, limestone; biot. bioturbated;
ft, feet; in, inch; lam, laminae; carb, carbonaceous
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Bioturbated

Coal stringers, conspicuous band

Fissile

0.75 in diameter,
smooth
0.5 in diameter,
smooth

Ophiomorpha

Bidirectional

2 ft thick, dirty

Very carbonaceous

1.5 ft thick, dirty

Bidirectional?

Bidirectional

6.5 ft thick, dull to bright

1 ft thick, dull

3.5 ft thick, dull, some bright
Clay laminae

Sandstone channels,
300-600 ft wide

1.25 ft thick, dull

2 ft thick, dull

?

1 ft thick, bright

2 ft thick, dull

3.5 ft thick, dull to bright

Brown

1 ft thick, dull

1.5 ft thick, dull

1.5 ft thick, dull

2 ft thick, dull

2.5 ft thick

200 ft wide, carbonaceous drapes

Rooted siltstone

0.5 ft thick, dull to bright
0.5 ft thick, dull

1 ft thick, dull

1 ft thick, dull

Oil staining

Mudstone drapes

1.5 ft thick, dull to bright

Oil staining
0.5 ft thick, dull

Oil staining

Planar cross-strata
to 2 ft high

Trough cross-strata
to 5 ft high

Ironstone ripups
near base

0.75 ft thick, dull

1.5 ft, dull

0.5 ft thick, dull
Oil staining

Oil staining

Bentonitic

Coal stringers

Coal stringers

Bentonitic

Slightly bentonitic

Double mud drapes

Pelcypod
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Coalbank Hills

2422

Locations of measured sections

x Waltman tongue exposed
in gully bottom

Bioturbated

Bioturbated

Indistinct bedding

Sandy mudstone

Unusual bulbous concretions
near top

Scours 3 ft into
underlying mudstone

Scours down 5 ft into
underlying mudstone
along outcrop

Smooth, 0.25 in
diameter

Channel thickens to 18 ft
along oucrop

Carbonaceous shale beds

Thickens to 15 ft
along outcrop

Persists for at least 1,000 ft
along outcrop

Carbonaceous near top

Mostly indistinct bedding

Mostly indistinct bedding

Mostly indistinct bedding

Mudstone and carbonaceous
shale ripups

Thickens to 15 ft along outcrop
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11

Very persistent
along outcrop

Fissile, coal stringers,
probably lacustrine

Fissile, sharp base,
probably lacustrine

Some carbonaceous zones with
coal stringers, silty and 
very carbonaceous  near top

Increasingly carbonaceous toward top
with 1 in coal at top

Abundant carbonaceous
debris

Bidirectional troughs
              to 4 ft high

Persis.

3 ft thick, bright

6 ft thick, bright

2 ft thick, bright

Varicolored chert and quartzite
pebbles to 1 in, subangular
to subrounded

Conspicuous white band,
bedding is difficult to see

Highly bioturbated

Highly bioturbated

Carbonaceous near top

0.5 ft thick, very dirty

Bioturbated throughout

Fissile, organic-rich, probably lacustrine

Fissile, organic-rich, probably lacustrine

Fissile, organic-rich, probably lacustrine

Moderately fissile, orgainc-rich,
probably lacustrine

Bioturbated, possibly rooted

Carb. shale beds to 2 in

Bioturbated, 6 in carbonaceous bed

Fissile

Carbonaceous at top

8 in thick, bright

1.5 ft thick, bright

1 ft thick, slightly dirty

Carbonaceous near base

3 ft thick, bright

0.6 ft thick dirty coal at base

Thin coals

3 ft thick, slightly dirty

1 ft thick, dirty

1.5 ft thick, bright

1 ft thick, dirty

Fissile

Fissile

Fissile

1 ft thick, dirty

Bidirectional cross beds?

Smooth, 1 in diameter

Smooth, 0.5 in diameter

Lenticular zones with
clay ripups and wood
fragments

Ophiomorpha

Ophiomorpha

5-10-% sandstone
laminae

20% sandstone laminae

Carbonaceous shale 
laminae

Carbonaceous near base

Carbonaceous near base

Bidirectional troughs
 to 5 ft high

Troughs to 4 ft
high clay and coal
ripups near base

Bentonitic

1 ft thick

6 in thick coal

2 in thick, dull

2 ft, bright

Bioturbated?

0.5 ft, dirty
Coaly zones

2 ft thick, dirty, weathered

3 ft thick, weathered

Muddy

Fissile, possibly marine

Ripups to 0.5"

B
Mostly fissile, bentonites
0.5' and 0.7 ' thickOph.

Sandstone laminae

Calcareous zones

? ?

Locally scours down to
underlying coal

Persistent band, fissile

4.5 ft thick, bright
Channel about 75 ft wide

1 ft thick, dirty

?

 Laterally persistent, conspicuous
white band on areal photos

Some thin, white sandstones

1 ft thick

0.5 ft thick, dull
0.5 ft thick, dull

Carbonaceous at top

3.5 ft thick, bright to dull

0.5 ft thick, dull

Bar accretion

Very
contorted
Very
contorted

Mud drapes to 0.5 ft
thick

Log, 0.35 x1 ft,
bar accretion

Large clay clasts
at base

Crevass splay

Crevass splay

Bioturbated

Thickens to 20 ft along outcrop
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Carbonaceous near top
1.5 ft, bright to dull, amber blobs

1 ft thick, dull, dirty

1 ft thick, bright

2 ft th ick, bright

0.5 ft thick, very weathered
Oil stained

1 ft thick, bright

Carbonaceous laminae, oil staining
Possible thin coal at top

1 ft t hick, bright

1 ft thick

Carbonaceous near top

0.5 ft th ick, bright to dull
3.5 ft thick, bright

1 ft thick, very dirty

1 ft thick, very dirty

0.7 ft thick, bright to dull

Carbonaceous near base

Bioturbated
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Sandy soil

Shaley and sandy soil

farther to west

Ophiomorpha

Ophiomorpha
Marine shale

Persists for several miles
along outcrop to east

Veinlets
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Laterally persistent, splay?

Laterally persistent, splay?
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24
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26

27

Laterally persistent

Laterally persistent

Laterally persistent

Laterally persistent

Laterally persistent

300 ft to east and west

4 ft, bright

1.5 ft, bright to dull

White mudstone
ripups to 1 in

3 ft thick very dirty coal

1 ft thick, dull to bright

Plant fragments at top

Bioturbated, rooted?

Low-angle troughs,

Bioturbated

Persists for at least 0.25 mi

Persists for at least 0.25 mi

Carbonaceous ripups
near base

Lots of white grains, pebbles
to 2 in near top, rounded to
subrounded, light and dark
chert, porcellanite

Pebbles to 4 in, rounded to
subrounded, light and dark
chert, porcellanite, quartzite

Fish scales, sharp basal
contact, dark brown, scoured
out by overling unit about 

Pebbles to 2 in,
light and dark
chert, porcellanite,
quartzite

Coaly ripups
near base

Pebbles to 3 in, mostly in lower 5 ft,
chert, quartzite, monor porcellanite

Carbonaceous laminae

0.35 ft thick

Bioturbated

Smooth, 0.1 in. dia.

Persistent, forms
big ridge

Indistinct bedding

Carbonaceous debris
along laminae

Persistent. climbing 
rippies on small troughs

Coals 0.5 and 0.85 ft
thick

Bioturbated

2.5 ft thick, dirty
2.5 ft thick, dirty

Carbonaceous debris
along laminae

1 ft thick, very dirty

Very persistent

0.7 ft, dirty

0.35 ft, weathered
0.85 ft, weathered

Persistent
1.5 ft, bright

0.35 in thick

Persistent

Persistent

0.5 ft thick weathered coal

0.35 ft, dull

White mudstone
ripups to 0.5 ft, no 
dark grains

Lenses to 50 ft long
and 4 ft high of white
mudstone ripups, no
dark grains

Ripup clasts
to 6 in

White mudstone
ripups to 1 in

Light-gray mudstone
lenses to about 5 ft
thick, lenses of white
mudstone ripups to
1 in across, 1% dark
grains

1 % dark grains

3 ft thick, dull

03-01 Teapot Ss.
Castle Gardens
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Te
ap

o
t 

M
b

r.
M

es
av

er
d

e 
Fo

rm
at

io
n

m
id

d
le

 m
em

b
er

M
ee

te
et

se
 F

o
rm

at
io

n
Fo

rt
 U

n
io

n
 F

m
.

Maastrichtian pollen

P1 Paleocene pollen
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Parkman Sandstone Member

Teapot
 Sandstone
 Member

Mesaverde
Formation

Fales Sandstone Member
of Mesaverde Formation

Wallace Creek Tongue of Cody Shale

Sandy member of Cody Shale
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Formation

Lance Formation
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Repeat section

Low-angle cross
strata to 3 ft high

Carbonaceous lamina

1 ft, dull

6 in, dirty

Coal stringers

1 ft, dirty

Dark chert pbls.
to 0.75 in

Dark chert pebbles to 1.5 in,
rounded to subrounded

6 in, dirty

Some thin very-fine Ss beds

Very coaly

Becoming carbonaceous near top,
Pebbles to 2 in, rounded to subounded
light and dark chert, olive chert,
light quartzite, porcellanite

6 in, dirty

Carbonaceous near top
6 in, dull

3 in thick

40-60% pebbles to 4 in, mainly chert, light,
dark, and gray banded, light quartzite, and
porcellanite

40-60% pebbles to 4 in, mainly chert, light,
dark, and gray banded, light quartzite, and
porcellanite

Pebbles to 1 in, composition similar to
below

Pebbles to 1 in, composition similar to
below

Shale partings, coaly
fragments along laminae

Pebbles to 1 in, chert, quartzite, porcellanite

Mudstone interbeds

?

Iron concretions, pebbles to 2 in of dark
and light chert, banded chert, light
quartzite, light quartz.

Pebbles to 1 in of dark and 
light chert, banded chert, light
quartzite, light quartz.

0.35 ft thick

Interbedded sandstone and mudstone

Mainly climbing ripples

1 ft thick, bright to dull

15 in thick, bright to dull

Persists for 900 ft

1.5 ft, very dirty

Coals, 0.35 and 0.7 ft thick, dull

1 ft, bright to dull

3 ft, bright to dull

0.35 ft thick, dirty

1.5 ft, dull to bright

4 ft thick, very dirty

2 ft thick carbonaceous
shale lense at base

1 % dark grains,
white mudstone
ripups to 4 in

T Tongue  of
Waltman Shale

                               Castle Gardens
Upper part of Cody Shale, Mesaverde,  Meeteetse, and
Lance Formations measured in Secs. 9, 16,T. 34 N., R. 90 W.,
Fort Union Formation measured in Sec. 5,T. 34 N., R. 90 W.,
Secs. 32, 33,T. 35 N. R. 90 W.
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Key for Castle Gardens measured 
section of Flores & others 1992; 1994
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Top Teapot Ss. Mbr.Top Teapot Ss. Mbr.

Top Teapot Ss. Mbr. Top Teapot Ss. Mbr. Top Teapot Ss. Mbr.

Top Teapot Ss. Mbr.

Some 1-2 in thick coal beds

Repeat section

Repeat sectionRepeat section

                                        Cave Gulch Area
Upper part of Lance and lower part of Fort Union Formations
measured in Sec. 31,T. 37 N. , R. 86 W., lower part of Lance Formation,
Meeteetse Formation and Lewis Shale measured in Sec. 30,T. 37 N. R. 86 W.,
Mesaverde Formation and upper part of Cody Shale measured in 
Sec. 13,T. 37 N. , R. 87 W.

        Hells Half Acre
Sec. 31, 32,T. 36 N. R. 85 W.

                                  Coalbank Hills
Upper part of Cody Shale and Mesaverde Formation
measured in Secs. 5, 8,T. 34 N., R. 88 W., Meeteetse and 
Lance Formations and lower part of Fort Union Formation
measured in Secs. 3, 4,T. 34 N., R. 88 W., remaining part of 
Fort Union Formation measured in Sec. 3,T 34 N., 88 W.,
Secs. 34, 35,T. 35 N., R. 88 W.
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Teapot Sandstone Mbr.
        31 readings

Titianium-rich sandstone

Castle Gardens Fort Union measured section
from Flores and others 1992; 1994

Climbing ripples

Symmetrical ripples

Cross-stratification, less than 1 ft high

Cross-stratification, 1 to 3 ft high

Cross-stratification, greater than 3 ft high

Horizontal stratification

Cross stratification,
less than 15 degrees

INTERNAL CHARACTERISTICS
Hummocky cross-stratification

Irregular stratification

Contorted stratification

Vertical burrows

Root casts

Calcareous concretions
in sandstone

Carbonaceous

Ripup clasts

Coal beds

Claystone, clayshale
or mudstone

Siltstone

Sandstone

LITHOLOGY

Large-scale
lateral
accretion

10

11

12

Mainly climbing ripples

Buff to white
Light gray/green
Medium gray/green
Dark gray/green
Black
Purple
Maroon

Pebbles and cobbles
Coarse sand
Medium sand
Fine sand
Very-fine sand
Silt
Clay

Covered

    Irregular
scour surface

  Pinches out
along outcrop

Thins along 
  outcrop

Partially
covered

INTERNAL CHARACTERISTICSGRAIN-SIZE RANGELITHOLOGYUNWEATHERED COLOR

Key to measured sections

Pebbles and cobbles

Hundreds of
feet

1627

Small-scale trough-shaped crossbeds (<1ft to>4 in thick)

Large-scale trough-shaped crossbeds (>1ft thick)

Wedge-shaped crossbeds

Ripple cross laminations

Subparrell laminations

Convoluted laminations

Root traces

Popcorn (weathered) features

Burrows

Mudstone clasts

Chert clasts

Feldspar clasts

Granite clasts

Conglomerate

Sandstone

Siltstone

Mudstone

Carbonaceous shale

Coal

Ferrugenous unit

Pebbles and cobbles to
0.5 ft of dark and light chert,
light quartzite, and light
quartz

0.5 ft thick, dull
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