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Digital Coal Outcrop Patterns for the Powder River Basin of Montana

OBJECTIVE

The Federal Land Grant Amendments of 1975 required inventories of coal resources in the western United
States to determine the resources available on Federal lands. In response, the U.S. Geological Survey (USGS)
began the Coal Resource Occurrence and Coal Development Potential (CRO/CDP) program in 1977 to compile
coal resource information for the Powder River Basin (PRB) of Wyoming and Montana. During a 5-year period,
the USGS published coal data, coal outcrop maps, and coal resource estimates for 108 7.5-minute quadrangles
in Montana (fig. 1). The CRO/CDP studies were based on prior field mapping by the USGS and the Montana
Bureau of Mines and Geology (MBMG), and on drill-hole data acquired during the late 1960s and 1970s. The
USGS published quadrangle-by-quadrangle results as Open-File Reports (appendix A) that are available online
from the USGS Publications Warehouse (http://pubs.er.usgs.gov/).

Collectively, the CRO/CDP reports are one of the most comprehensive compilations of coal stratigraphic and
coal outcrop data for the PRB. The reports are an invaluable source of information and a convenient starting
point for further coal research and interpretation. Digital coal stratigraphic data are available from the MBMG
coal database (http://www.mbmg.mtech.edu/datacenter/datacenter.asp), but the outcrop data have been dif-
ficult to use because they are not in digital form and because the authors named coalbeds inconsistently.

Our purpose was to:
1. Combine correlatable coalbeds with different names into single outcrop patterns.
2. Make the mapped coal outcrops (i.e., outcrop patterns) digital and publicly available.

We did not add interpretation except to correct errors and we are not proposing these coalbed names as stan-
dard nomenclature for the PRB.

METHODS

Coal outcrop maps from 108 CRO/CDP reports were imported into ESRI’s ArcMap software as tagged image
format (*.tif) files and georeferenced to state plane coordinates. Coal outcrop traces and faults were digitized
from the georeferenced images and output as shape files using Able Software’s R2V. All coalbeds shown on the
CRO/CDP maps were digitized, including minor beds that outcrop over limited areas and several unnamed “lo-
cal” beds. No distinction between mapped vs. inferred outcrops was made during digitizing.

Outcrop segments were combined in ArcMap where:

e CRO/CDP authors used different abbreviations (or outcrop codes) to identify the same coalbed.
For example, “S” and “Sm” each refer to the Smith Coal.

¢ Coal seams merge and/or split. As examples, the Anderson (An) was combined with the
“merged” Anderson—Dietz (An-D) bed; where the Canyon Coal splits into upper and lower benches,
the Canyon (Cy) was combined with the Upper Canyon (UCy). Generally, we used the bench or split
that was thickest and/or had the greatest aerial distribution as the primary bed.

¢ Beds with different names clearly join across quadrangle boundaries and do not exist anywhere
together in stratigraphic succession. In most cases, joining beds with different names was supported
by the literature (appendix A).

Table 1 is a list of CRO/CDP outcrop codes from each quadrangle (rows) that were combined to form final coal
outcrop patterns (columns). It documents, for example, the Roland outcrop (table 1, column 3) as the combina-
tion of coalbeds mapped as “Ro” in the Bar V Ranch quadrangle, “Ro” in the Bar V Ranch NE quadrangle, “RB”
in the Bear Creek School quadrangle, and so on. Final shape files for coal outcrops and faults were combined

as feature classes within a geodatabase. All outcrop feature classes in the geodatabase retain original CRO/CDP

outcrop codes in the BEDNAME attribute.
1


http://pubs.er.usgs.gov/

Jay A. Gunderson, MBMG 667

108l0ud 4aD/0yYD 2y Jo ued se paddew sajbuelpenb aynuiw-g-/ ybie pue palpuny auQ | ainbi4



Digital Coal Outcrop Patterns for the Powder River Basin of Montana

<a

uy

ws

od

youeysaw|oH

ed

1%°)

(4]

A ‘A

1e9 ‘89

S1e|JUOPSPOH

apuep

julodsakeH

MSMelgpuowwe

MNMeIgpuowwe

i

meigpuowiwey

A

fon

A

€a

a
€-2d ‘za

uy
uy

ws
ws

oY

Meiguol|iweH

|I'THUOON}|EH

MS39IN0DUIIID

ed

(2]

A

\4

€5

FEENREEI)

na

(2]

1%°)

o4

A

a

uy

21ngpaadspoon

Jeadplaiies

393.D3|1WJNno4

vd

13

0)

o]}

Adn

uy
uy

a4l

ayn ‘ay

|00Y2839247193504

S9MOH}MOS

youeysyio4

e

ed

EINEIECE]

L8

ed

(20}

1%®)

aIsd3

apuep

X

o4

93p1yy|3

10042S3pINIG

a‘apued]

T3

(2]

o4

€a

€-2d ‘za

uy

€9

14

abs

ws

oy

FEEEN

2de|duIRL)

S9Y%2240%00)

A

a-uv

211NgX93.0%00)

159\d1I3S|0D

MSd11s|0)

35d11s|0)

1se3d1is|0D

apued

X

CE]

Meiguews|o)

poom|eo)

vd

A

av

y934D31004qNn1D

ulodAyleyd

Jooydsauo|eN-Aale)

ve

)

A

Aon

av

JWASUMOJIg

MN8SJIaquapuelg

apued

(2}

12

A

uy

Siaquapueig

J9a1)Meyspelg

>99.)4ap|3xog

e

ed

oD

1%°)

A

za‘a

uy

>931Jwo0|g

Sunudsyoe|g

ve

A

<a

uy

MsAdUIIg

€

ed

(4]

s}

o)

JooyasAeqAsulig

va

M1

HEE

e}

av

Asuag

a ‘apued]

X

(2]

A

€9

MS29339

LS EEY S SEIED]

e

120

HAIINYSIeag

o4

uy

PM

ad

v

Jooyasyaaldieag

€

ed

1%°)

A

asioHAeg

uy

ws

oy

INYOUBYAJEG

uy

ws

oy

youeypJleg

€

ed

12

A

uy

yeadAp|eg

jead J98peg

3N puejysy

ed

puelysY

1j[eM-upEAl

1012044

preyory

pag))
apue)

paqx

I1PPO-3Y9e))

wipod

aumed|

A3
uosje))|

1leM 1amoT -

e =

1910}

00)

300D Jaddn -

JSICY|

uoAue) Jjamo -

uoAue))

€213

zaig

12910

guosiapuy|

Zuosiapuy|

TuosJapuy

uosiapuy|

(wel) puejoy

pEEY} |au!nbs|

ynws

aippem|

puejoy Jamo -

puejoy

epeny|

198peg|

*paq|eod yaea 4o} (suwn|od) suianied doidino |euly Sxew 03 paulquiod 34aMm Jeyi (smod) sjSuespenb anuiw-g 7 Yyoea wouy sapod ulsnied 4ad/oyd 8

ujuiejuod xuie ‘T 319vV.L

awep dounnQ

awep ajSueapenp



Jay A. Gunderson, MBMG 667

€

ed
na

0|
0

12}
12}

91ngJasies

913ngJa8es

J0OY2SHIOM

e

a0

o4

BUISSOIIMO||IM

e

A23.011!9PIIM

810q|0A

na

13

0|

120}

o4

[45%]

| 2o}

A

€a

wa

uy
€9

EEIESERIEN

weqgJaniyanduo]

$91INga|IWaaly L

Ted

12®)

A

a

uy

youeyJegaaiyl

A

€a

€-2a ‘za

uy

ws

119s3QqJojule]

101

0)

A1

fon

a

uy

3924)pNo.Is

qapued

a4

eo

Aoeys

ed

2=

0

0|

12}

o4

[4e]

| 2o}

A
A

€a

a
€q

uy
uy
e

ws

oy

yo|nosuids

youeyaa.d8unds

9}18uUuos

A

a

uy

oy| 4y

lleH3jAes

[4®)

12®)

A

za‘a 1d guy

Tuy

Tuy “

uy

9|Aes

Ad

JooyasAdies

ed

(4}

1®)

a4

youeyuos|anwes

i

na

28]

1T

A

uy
uy

meiqysnoy

auo)snueay

41| a¥n ‘ay

sn1IND

0D

A

Aon

a

av ‘uy

ws

annguIrIaod

uy

a4 4

|ooyasanngauld

[4®)

12®)

od

[4%}

TAY ‘A

d‘a) 1a) €uy

cuy

Tuy

anngsdi||iyd

uy

ws

oY

Jooyds|iead

o)l

A

uy

{ouePpolped

1310

9AIO

apued

|00Y25A3eISYLION

ed

[4®)

12®)

A

uy

peayJooN

|00Y2S323JU0O A

43In0osyaa.1)eYRYIUUIN

MS331043]|IN

MN>23.1043]|IN

931049]|IN

PRI

FERIR TR R

o)

ed

12®)

)eadawosauo

ed

FEEYRENEEA]

0)

[}

a

av ‘uy

ws

i

ya|noAaoeq

A

€a

€-za‘za

uy

ws

[1IHL3edN 1)

Aquiyl

P29

paqa

aey

ed

==

A

a

uy

WNBuDy|

FEENSENCIEN:

umowif

JINXI04suear

FEEIRREE

MS8uridsuou|

Suiidsuou|

ed

12®)

JooyassuBPNH

10049SSH

‘eg

12®)

Ad

€5

21INgX334D3WOoH

I [eM-UdpPEA|

41030044

pieyary

paq))

apue))|

pagx

11PPO-2Y3eD)|

wipod

aaumed| £

[

uosjie)|

11eM Jamo1 -

llem >
190

%00))

)00) Jaddn -

Auiag

uoAue) Jamo1 -

uoAue))

gz91q

7n31g
T291Q
€uosiapuy

zZuosiapuy|

TuosIapuy|

uos.iapuy|

(wel) puejoy

pPEET ) |augnbs|

ynws

aippem|

puejoy
epeny|
198peg|

pue|oy Jamo1 -

‘ponunuol—T1 I19vVL

awep doianQ

awep 3j3uespend



Digital Coal Outcrop Patterns for the Powder River Basin of Montana

Youeysaw|oH

3l

94

1

uyl

S1e|JUOpPSPOH

es

julodsaAeHq

ng

SN

9y

u)

es

MSMelgpuowwe

ol

ng

oL

SN

9y

MNMelgpuowweH

ng

oL

94 N

qy

Wi

melgpuowwen

MmeiquoljiweH

ng

qd

uyl

MS3|N0DUILID

3934)Ud3.49

211ngpaadspoon

SN

qy

u)

es

AeadpRies

oL

94

}234D)9|IWJIN04

oL

54

Wi

100Y25%2317.331504

SIMOH1I04

Youeysy.o4

Ces

Tes

EINEIECE]

Ces

Tes

aIsd3

i

Ces

Tes

e

EELINEIE]

D aA

U

Tuy

Wi

|00Y2S3pING

FEREl

ag

oL

ng

oL
oL

94

Wi

Ces

Tes

2oe|duiel)

‘g

S9Y%234300)

21INg2912%00)

ng

JS

qy

1s9Md1a3s|0)

[AERCH]

Ty

od

es

MSd11s|0)

S

SN

9y ‘Y

Tqy

Wi

es

3sduisjon

ng

SN

qd

wi

zes

Tes

1se3duis|od

‘g

Meiguews|o)

0

(4]

i

es

poom|eo)

9315100}aN1)

es

ulodAy|eyd

o4

oL

eH

Wi

JooyasauolelN-Aaied

BN

IASUMOJIg

oL

ng
ng

oL
oL

Wi

MNS8Jaquapueug

es

Siaquapueug

v

s Meyspelg

uly

u)

Ces

Tes

5

@a4)49p|3X0g

96

e6

eg

J231JwWwoo|g

Ty

Od

es

Suudsyoe|g

Wi

B

MsAsuIIg

JooyasAegAauaig

Asuang

oL

9-4

MS29339

oL

9

u)

Ces

Tes

RS EERIEER]

i) 1T

e6

es

po]

INIINYSIesg

Jooydsyaai)ieag

es

0

asioHAeg

INYoURYAJeg

youeypleg

26

96

€6

eg

AeadApleg

QY

Ty

Wi

es

Sead Ja8peg

1

U]
L

qy

Wi

3N puelysy

qzT|

ezt

snpeoug|
TT

9

1

]
L

(4

TU) ‘U)

[

o~

es

Tes

puejysy

eg

ay

ey

Aua Sig

931 teay]

Aspng|

12e3U0))
8aaq|on

131504

oy o o

uajv|

moppeH

PECY e PENRIGTS |

3]epoon-s1amol

pngasoy|

pngasoy Jaddn -

paqo

297

yaa4) Ae|

weydog|

yoo|qouy| Jamo1 -

yoo|qouy|

Suny|

19Ames 1amon -

J19hme:

awep dosnng

‘panunuol—Tt 119V1L

swen 3|Suespenp




Jay A. Gunderson, MBMG 667

%

96

91nguasies

Uy U/1

4

anngJase

s

RUACE]

10043S§|OM

1]

e6

0

ux| Ces

TeS ‘es

BUISSOIDMO||IM

333.1D11!gPI!M

an

oL

uly

9-4

[

U ‘uy

B10qjopn

ng

S

qd

|00YaS393.4)|1eJ |

wegJanyansuo)

S91INga| 1WAy

eg

L BS

4

youeyiegasiyl

13saqUoule]

uy| zes

32343pno.is

Tes

Asoeis

yano3unds

youeyyaa.d8unids

9}13uuos

I[eH3AeS

9|Aes

S

JN-qY

od

JooyasAdies

TeS| Tes ‘es

youeyuos|anwes

qQy

194

od

es

meigysnoy

auo)snueay

sn1aIND

S1nguwii[1axod

[00yasaRINgauUld

anngsdi||iyd

Jooyds|ead

qy

{oueya0|ped

1210

uy| TES ‘BS

S[e]

oL

9-4

J1

Wl 4 Tes

J00yosAa2eISYLION

L BS

av

4

peayJooN

ng

S

SN

ON-Y ‘QY

100Y2S3334)U0OIA|

IN0S3@3IDBYBYBUUIN

pJi

ng

a1

MS23ID3] 1IN

ng

oL

IS EE R ENT

ng

ol

3934DJ9]|IIN

| ad

ng
ng

-9l

S

SN

qy

PRI

3291334ND2N

qeT ect

11

26

€6

3B9daWOSauU0T

TeS| Tes ‘e

FEEIREIREN

n

a1

ya|nohadeq

uy |

IHPLIRdIY

Aquny

TUN ‘U | U/l

TS| TeS ‘BS

WU

a1

ng

oL

qd
QY

QY|

3@3.3udHuUYor

es

umoiwir

ng

JN-qY

al

es

JINdjJo4suear

o4

a1

eH

FEEIRNEEN

s

qd
qQy

MSS8ulidsuod|

Sundsuou|

26

96

€6 eg

|00YISSUBPNH

GJ

1

©
w

100YdSSH

qeT]

ezt

snpeoug

1!

9

21INg)994)9WOH

4
eg|

qat]

ey

Auna 3ig|

aa1) reay]

Aapng|

joeuo))

Baaqop

1931504

19443

ua|y|

moppeH

334D 43}d015]

ajepoon-siamoy4|

Aeypl

pngasoy|

pngasoy 4addn -

paqy|

EER
394D Aeqf

weydod|

yoojqouy 1amo1 -

ya0jqouy

Buny
J13Ameg]

J1aAmes 1amon -

‘panunuo)—T 319V1

awep doionQ

awep 9|Sueipenp



Digital Coal Outcrop Patterns for the Powder River Basin of Montana

RESULTS

The MTPRB Coal Outcrop map package contains outcrop patterns for 75 named coal seams. Roughly 30 per-
cent are major coal seams with mineable thicknesses and broad spatial distribution (fig. 2). Primary bed combi-
nations are:

Anderson + Anderson-Dietz + Garfield

Dietz + Dietz2 + Dietz2,3 + Alderson

Canyon + Upper Canyon

Cook + Lower Cook

Pawnee + Dunning + Ebed

Cache + Odell + Brewster—Arnold

Sawyer + Upper Sawyer

Rosebud + Rosebud—McKay + Lower Rosebud
Terret + Robinson

The outcrop patterns are intended to be used at a scale of no greater than 1:24,000. They are only as accurate
as the combined errors from original mapping; the CRO/CDP compilation; and georeferencing and digitizing to
create the shape files. Minor gaps and misalignment along quadrangle boundaries are common, but most are
not significant at the 1:24,000 scale.

DISCUSSION

Combining outcrop patterns from the CRO/CDP maps was straightforward using the methods described above.
However, there were several exceptions.

1. Otter Creek Problem—In some cases, two or more authors applied the same name to differ-
ent coalbeds. In fact, entire coal fields were sometimes mapped using bed names “stratigraphically
offset” from those used in an adjacent field. For example, several authors used inconsistent coalbed
names to describe coal stratigraphy near Otter Creek in eastern Powder River County (table 2). A re-
sult is that the interval between the Canyon bed(s) and the Pawnee bed remains problematic in the
central PRB near Otter Creek. Coalbeds mapped along the boundary between the Fort Howes and
Goodspeed Butte quadrangles are clearly misaligned on the CRO/CDP maps (appendix A., nos. 75
and 76). These bed naming differences are mentioned in the CRO/CDP reports but have not been
resolved.

2. Wall-Otter—Elk Problem—The stratigraphic positions of the Wall, Otter, and Elk beds are un-
certain. In the northwest Poker Jim Butte and northeast Browns Mountain quadrangles, the Otter
lies above the Wall. Further east, the Otter bed is equivalent to the Elk bed along the Fort Howes—
Goodspeed Butte quadrangle boundary. Yet, to the northwest in the Threemile Buttes quadrangle,
the Otter—Elk lies below the Wall. There is an obvious conflict in stratigraphic order—a consequence
of the naming inconsistencies noted above in (1). We left the names of these coalbeds (Wall, Otter,
and Elk) “as is” until the discrepancies can be rectified.

3. Poker Jim—The Poker Jim coalbed in the northern Browns Mountain quadrangle was named
by Culbertson and Klett (1976) and appears equivalent with Warren’s (1959) Pawnee bed to the
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Digital Coal Outcrop Patterns for the Powder River Basin of Montana

north. Culbertson and Klett (1976) applied the Pawnee name to a stratigraphically higher bed in the
Browns Mountain quadrangle. We did not combine the Poker Jim bed with the Pawnee bed be-
cause it would violate one of our rules for “joining patterns”—namely, that beds do not exist any-
where together.

4. Andersoni, 2, 3 / Dietz 1—In northern Sayle and southern Phillips Butte quadrangles (NE% of
T.7S.,R. 47 E.) the Andersonl, Anderson2, Anderson3, and Dietz1 beds are mapped on the north
side of an east—west-trending fault. This is the only location in the Montana PRB where these bed
names were used. None of these beds were combined with the primary Anderson or Dietz outcrop
patterns.

Table 2. Coalbed names used by various authors in the vicinity of Otter Creek.

CRO/CDP McKay Warren Bryson & Bass CRO/CDP
(Fort Howes) (1976) (1959) (1973) (Goodspeed
Butte)
Upper Canyon Canyon Canyon Canyon Canyon
Lower Canyon Cook Ferry — Ferry
Local Wall Cook Cook Upper Cook
Cook Lower Wall Wall Otter Lower Cook
Otter Pawnee Elk Elk Elk
— Local Dunning Dunning Dunning
Brewster—Arnold Cache Odell Odell

Our goal was to provide digital coal outcrop patterns representative of coal stratigraphy in the Montana PRB
that could be easily accessed and used with other graphical datasets. The coal outcrops are available from the
MBMG ftp site (ftp://sun2.mtech.edu/pub/geology/MTPRB_Coal_Outcrop.mpk) and subject to change without
notice as more information and new interpretations become available.
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APPENDIX A

The following list provides references for 108 7.5-minute quadrangles located in Montana and mapped as part
of the CRO/CDP program. The map scale for all reports is 1:24,000.

1. Colorado School of Mines Research Institute, 1979, Coal resource occurrence and coal development poten-
tial maps of the Miller Creek NW quadrangle, Rosebud and Custer Counties, Montana: U.S. Geological
Survey Open-File Report 78-637, 17 p., 7 pls., 1 table.

2. Colorado School of Mines Research Institute, 1979, Coal resource occurrence and coal development poten-
tial maps of the Moon Creek School quadrangle, Custer County, Montana: U.S. Geological Survey Open-
File Report 78-636, 14 p., 7 pls., 1 table.

3. Colorado School of Mines Research Institute, 1978, Coal resource occurrence and coal development poten-
tial maps of the Griffin Coulee SW quadrangle, Rosebud and Treasure Counties, Montana: U.S. Geologi-
cal Survey Open-File Report 78-647, 17 p., 7 pls., 1 table.

4. Colorado School of Mines Research Institute, 1979, Coal resource occurrence and coal development poten-
tial maps of the McKerlich Creek quadrangle, Rosebud County, Montana: U.S. Geological Survey Open-
File Report 78-641, 15 p., 10 pls., 1 table.

5. Colorado School of Mines Research Institute, 1979, Coal resource occurrence and coal development poten-
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