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3 Conglomerate e
E3  Sandstone b
E3  Siltstone —
E  Mudstone e
3 Carbonaceous shale o

A
m  Coal ‘
Ferrugenous unit

M
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F

G

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

50 FT-

Castle Gardens Fort Union measured section

from Flores and others
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1992; 1994

Castle Gardens

Upper part of Cody Shale, Mesaverde, Meeteetse, and
Lance Formations measured in Secs.9,16,T.34 N.,R.90
Fort Union Formation measured in Sec.5,T.34 N.,R.90

\Secs. 32,33,T.35N.R.90 W.
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P1 Paleocene pollen —

Undated interval barren of pollen

Maastrichtian pollen —

03-01 Teapot Ss.
Castle Gardens
12 readings

Tongue of
Waltman Shale
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Pebbles to 1in of dark and

\\KK light chert, banded chert, light

quartzite, light quartz.

Interbedded sandstone and mudstone

0.35 ft thick

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

quartz

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

PR

N\

Mudstone interbeds

Pebbles to 1in, chert, quartzite, porcellanite

A

~—~——~——~ X Carbonaceous laminae

A

Shale partings, coaly
fragments along laminae

A
AN

Pebbles to 1in, composition similar to
below

Pebbles to 1 in, composition similar to
below

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

3in thick

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

6in, dull

Carbonaceous near top

6 in, dirty

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

light quartzite, porcellanite

\\K\\ wﬁ\v Coaly ripups

near base

Very coaly

Some thin very-fine Ss beds

6 in, dirty
Pebbles to 2 in,
light and dark
chert, porcellanite,

k=

Fish scales, sharp basal
contact, dark brown, scoured
out by overling unit about
300 ft to east and west

Pebbles to 4 in, rounded to

\\KK\ subrounded, light and dark

chert, porcellanite, quartzite

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

chert, porcellanite

11227 Carbonaceous ripups
——"""near base

\\KK\/I\ Persists for at least 0.25 mi

Bioturbated /N
Persists for at least 0.25 mi

N

Dark chert pebbles to 1.5 in,
rounded to subrounded

Dark chert pbls.
t00.75in

NN

£/127) Laterally persistent

/7277 Laterally persistent

1 ft, dirty

/7277 Low-angle troughs,
Laterally persistent

Coal stringers

Laterally persistent

NN

6in, dirty

////)/J Laterally persistent, splay?

/7277 Laterally persistent, splay?

0.5 ft thick, dull

N

Laterally persistent

P

NN

Bioturbated, rooted?

PN

~—————~ Plant fragments at top

AN

1 ft, dull

b

IIII)) ~—~~

Carbonaceous lamina

Low-angle cross

Pz
strata to 3 ft high

Fort Union Fm.

Lance Formation
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Meeteetse Formation
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| Teapot Mbr.

Mesaverde Formation

middle member

Cody Shale (part)
Wallace Creek Tongue? [Parkman Ss.Mbr. |

Mesaverde Fm. (part)
Fales Ss. Mbr. equivalent?

Cody Shale (part)
Sandy member (part)

3 ft thick, dull

1% dark grains

AN

Light-gray mudstone
lenses to about 5 ft

\\\K\ thick, lenses of white
—_

mudstone ripups to
1in across, 1% dark

\\\K\ grains
_

White mudstone
ripups to 1in

3 ft thick very dirty coal

1% dark grains,
white mudstone
ripupsto 4in

N\
_

2 ft thick carbonaceous
shale lense at base

\\\K\ﬁ Ripup clasts
—_ to6in

_——— White mudstone

ripupsto 1in

4 ft thick, very dirty

P ——

A\
_

Lenses to 50 ft long
ﬁ and 4 ft high of white
——— mudstone ripups, no

dark grains

White mudstone
ripups to 0.5 ft,no
dark grains

AN

_

AL S

0.35 ft, dull

1.5 ft, dull to bright

P

NN

0.5 ft thick weathered coal

~ Persistent

Persistent

0.35 ft thick

3 ft, bright to dull

0.35 ft thick, dirty

A

1 ft, bright to dull

pzi

1.5 ft, bright to dull

0.35 in thick

Coals,0.35 and 0.7 ft thick, dull

pzs

4 ft, bright

1.5 ft, bright

//)///)  Persistent

0.85 ft, weathered

0.35 ft, weathered

0.7 ft, dirty

B

A ﬁ Very persistent

1.5 ft, very dirty

Persists for 900 ft

15 in thick, bright to dull

1 ft thick, bright to dull

1 ft thick, very dirty

\\\\ Carbonaceous debris

—————— along laminae

2.5 ft thick, dirty

2.5 ft thick, dirty

NN

= Mainly climbing ripples
AN\

NN

P

A

P

=

prres

Bioturbated

~

1 ft thick, dull to bright

A
A

Persistent. climbing
~////) _ rippies on small troughs

Coals 0.5 and 0.85 ft
thick

Indistinct bedding

Carbonaceous debris
along laminae

N

il

Persistent, forms
big ridge

z

N\

N

Pl ﬁ Smooth, 0.1 in.dia.

|

AT

_— ﬁ Bioturbated

Buff
Light
Medium
Dark
Black
Purple
Maroon
Clay

Silt

Fine
Medium
Coarse

Very-Fine
Conglomerate

Lewis Shale

Top Teapot Ss. Mbr.

Top Teapot Ss.Mbr.

Locations of measured sections

Hells Half Acre

Cave Gulch Area

DIGITAL DATA SERIES DDS-69-J
CHAPTER 10, PLATE 2

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

measured in Secs. 3,4,T.34 N.,R.88 W.,, remaining part of
Fort Union Formation measured in Sec.3,T34 N.,88 W.,
Secs.34,35,T.35N.,R.88W.

Varicolored chert and quartzite

\\KK pebbles to 1in, subangular

to subrounded

Fissile, organic-rich, probably lacustrine

Bioturbated, 6 in carbonaceous bed

P

Carb. shale beds to 2 in

Bioturbated, possibly rooted

Fissile, organic-rich, probably lacustrine

Indistinct bedding

Bioturbated

Bioturbated

I Abur?dant carbonaceous
debri;

Moderately fissile, orgainc-rich,
probably lacustrine

Increasingly carbonaceous toward top
with 1in coal at top

Bioturbated throughout

0.5 ft thick, very dirty

Carbonaceous near top

Fissile, organic-rich, probably lacustrine

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

Highly bioturbated

X Highly bioturbated

Fissile, sharp base,
probably lacustrine

N\

Fissile, coal stringers,
probably lacustrine

SIS AN Very persistent
— along outcrop
A
Pz

Conspicuous white band,
bedding is difficult to see

preyy

NN

AN

N

A
pz

A
p

A

Pz

AN\

SIS A

PN

Carbonaceous near base

WS

Thickens to 20 ft along outcrop

Pz

.y

NN

)LV A T

A

AN

Bioturbated

Pz

Crevass splay

Crevass splay

Large clay clasts
at base

AN

Pz

pi

p

pr

P

WL A Log03sxtft,

__A baraccretion

Pz

AN

Mud drapes to 0.5 ft
thick

AN\

Qe 2

Very
contorted

AN

Bar accretion

22278

WD

NN

W=

N

0.7 ft thick, bright to dull

SIS IS N

1 ft thick, very dirty

1 ft thick, very dirty

0.5 ft thick, dull

SIIII) A

A

NN

3.5 ft thick, bright

0.5 ft th ick, bright to dull

Carbonaceous near top

i) D A

3.5 ft thick, bright to dull

» =

0.5 ft thick, dull

0.5 ft thick, dull

Carbonaceous at top

)

)

1 ft thick

1 ft thick

Some thin, white sandstones

W

Laterally persistent, conspicuous
white band on areal photos

W

e

1 ft thick, dirty

S/ A

1 ft t hick, bright

/)/ /) A Muddy

///2// Channel about 75 ft wide

4.5 ft thick, bright

Carbonaceous laminae, oil staining

Possible thin coal at top

1 ft thick, bright

)

Persistent band, fissile

QOil stained

0.5 ft thick, very weathered

Locally scours down to
\\K\\ underlying coal

2 ft thick, bright

1 ft thick, bright
pi

1 ft thick, dull, dirty

A

1.5 ft, bright to dull, amber blobs

| Carbonaceous near top

3 ft thick, weathered

—~—~—7 7

2 ft thick, dirty, weathered

=X
pr

Pz

p

Calcareous zones

Sandstone laminae

oo Mostly fissile, bentonites
Oph. 0.5'and 0.7 thick

= Ripups to 0.5"

Fissile, possibly marine

NN

Top Teapot Ss.Mbr.

Lewis shale

Repeat section Top Teapot Ss.Mbr.

Repeat section
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Medium

Coarse

Conglomerate

W

QL

7, Bioturbated

~

= Persists for several miles

=
\\\KK\ along outcrop to east

Some 1-2 in thick coal beds

A

N

Marine shale

\\\\\\_% Ophiomorpha

N

\\KK Titianium-rich sandstone
| >~~~ farthertowest |

AN\

—_—

AN

Il

il

Shaley and sandy soil

Sandy soil

=
—_—

\\\K\ & Ophiomorpha

NS

A

2 ft thick, bright

A

6 ft thick, bright

3 ft thick, bright

p

6 in thick coal

1 ft thick

Bentonitic

A

Fissile

A

3 ft thick, bright

A

—_

Carbonaceous at to)
III) DI/ I A A~~~

8in thick, bright

1.5 ft thick, bright

NP

Carbonaceous near base

1 ft thick, slightly dirty

AN

0.6 ft thick dirty coal at base

o~

Thin coals

A

3 ft thick, slightly dirty

SIS) D))

III) I

1 ft thick, dirty

NS

1.5 ft thick, bright

g

S)I) I ) Persis.

A~~~

1 ft thick, dirty

Fissile

Fissile

Fissile

1 ft thick, dirty

\\\K\ Bidirectional cross beds?

AN

Lenticular zones with
clay ripups and wood
fragments

pr

& Ophi

cp Smooth, 1 in diameter
f Smooth, 0.5 in diameter

& ophi

~ 5-10-% sandstone
laminae

= 20% sandstone laminae

Carbonaceous shale

laminae
Bidirectional troughs,

e

A\

Troughs to 4 ft
~= high clay and coal

prves ripups near base

EP)

Bidirectional troughs
to'5 ft high

Bip)
2

Carbonaceous near base

Carbonaceous near base

A
SIS

Clay -

Silt

Very-Fine

Fine
Medium
Coarse

Conglomerate
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By

R.C. JOHNSON

2007

Lewis Shale

Sec.13,T.37 N.,R.87 W.

Top Teapot Ss. Mbr.

Top Teapot Ss. Mbr.

Rep

A

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

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

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

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

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

prz

.
W 6

prz

AN

w2

lower unnamed member

Fort Union Formation

A
P

A B
I Thickens to 15 ft along outcrop

A
AN

N

AN

Mudstone and carbonaceous
shale ripups

AN

|

N

ez

AN

|

I Mostly indistinct bedding

A
P

_

Mostly indistinct bedding

A Mostly indistinct bedding

A

SP

Carbonaceous near top

S

E-——17)

Persists for at least 1,000 ft
along outcrop

A
NN

Thickens to 15 ft
along outcrop

A
P ﬁ

Carbonaceous shale beds

S
NN

Channel thickens to 18 ft
along oucrop

A Smooth,0.25 in

= diameter

~ Scours 3 ftinto
=2 underlying mudstone

A\

prrzz

S)120) _S5D

A

pz

N\~

- S

———

Unusual bulbous concretions
near top

Scours down 5 ft into
underlying mudstone
along outcrop

P

Sandy mudstone

AN

A

b

A
Pz

P

R

Slightly bentonitic

QW A

QL W

—=A

NN

Bentonitic

_

B

P

N\
_

P

P

Pz

Coal stringers

Coal stringers

Py

P

AN

A
—~—~—

Bentonitic

pz

W

A
P

AN

QOil staining

Qil staining

0.5 ft thick, dull

1.5 ft, dull

A

= o

I ) A

A

A
P

Py ﬁ

0.75 ft thick, dull

P

Ironstone ripups
near base

Bip
A
NN

///// Trough cross-strata

to 5 ft high
A\

/7277 Planar cross-strata

to 2 ft high

N\ =2 0l staining

0.5 ft thick, dull

Lance Formation

Qil staining

A S/

1.5 ft thick, dull to bright

A ~——

Mudstone drapes

Oil staining

A A ——

1 ft thick, dull

N2 VSp)

1 ft thick, dull

_—

A S/

0.5 ft thick, dull

0.5 ft thick, dull to bright

A

A Rooted siltstone

NN

200 ft wide, carbonaceous drapes

2.5 ft thick

2 ft thick, dull

1.5 ft thick, dull

A SIS

1.5 ft thick, dull

~

~

1 ft thick, dull

b

g

—_———

IS

Brown

3.5 ft thick, dull to bright

2 ft thick, dull

)

pr

1 ft thick, bright

/200 2

pryy

2 ft thick, dull

1.25 ft thick, dull

A

g

S/

Sandstone channels,
300-600 ft wide

Clay laminae

3.5 ft thick, dull, some bright

1 ft thick, dull

6.5 ft thick, dull to bright

PN
A Bidirectional

\\KK\ Bidirectional?

1.5 ft thick, dirty

S

Very carbonaceous

2 ft thick, dirty

P

. —=A Bidirectional

Coal stringers, conspicuous band

Meeteetse Formation, part

& 0.75 in diameter,
— smooth
b 0.5 in diameter,
~— smooth

& Ophiomorpha

Bioturbated

Fissile

P

A

= L

~ N2,

Lewis Shale

Mesaverde Fm., Formation (part)

0.5 ft, dirty

Coaly zones

_~

SIS A

A

Formation

~

NN

pr

AN\\N

\\\KK\ Double mud drapes
_—

Unnamed middle member | Teapot Ss.Mbr. | Meeteetse | [Teapot Ss.Mbr.| Meeteetse

Parkman Ss.Mbr. |

Mesaverde Formation

SIS =

Bioturbated?

i

Wallace Creek Tongue
Cody Shale (part)

=~

~
7777

2 in thick, dull
A

2 ft, bright

=

J)I0)) S~

prrzyy

A

9

Fales Ss. Mbr.

Sandy mbr. (part)

Cody Shale (part) |[Mesaverde Fm. (part)

Clay

Silt

Fine
Medium

Very-Fine

Coarse

Conglomerate

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

Click here to return to
Chapter 10

Upper part of Cave Gulch measured section

Lower part of Cave Gulch measured section

Arminto railroad cut measured section

1,728-1,903 ft, 27 readings

1,593-1,621 ft, 19 readings

2,901-3,025 ft, 23 readings

1,623-1,837 ft, 8 readings

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

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

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



