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THE GEOLOGY OF CEyTRAE PEBKIES

OOUNTY
INTRODUCTION

Location and area:

The Bentral Perkins county area lies at about the geographic
center of Perkins county, South Dakota. Perkins county is in
northwestern South Dakota and is bounded on the north by North
Dakota and is separated from Montana to the west by Harding and
Butte counties. The central Perkins county area, as mapped in this
report, lies twenty~four miles south of the northern boundary of
South Dakota and about seventy miles east of the western boundary.
It ocoupies T. 17 and 1% and 8% 19, R. 13 E. and T. 17, 18, and 8%
19, R. 14 E., a total of 180 square mlles, (fig.1l). Bison, the
county seat, somewhat north of the center of the mapped area, 18
approximately 130 miles northvest of Pierre, 100 miles almost due
west of lMobridge, and approximately 110 milee north and somewhat
east of Rapid City. (fig. 2). .

Purpose of the Investigation:

Perkins county, South Dakota, is underlain by the most complete
succession of beds to be found in the state representing the
interval between the Fox Hills of the Cretaceous and the early
¥hite River of the Oligocene. In this county a_succession includ~—
ing upper Pierre, Lance, lower Fort Union, and lower White River is
exposed. A complete succession of the Lance, including the Hell
Oreek of early Lance age, the Ludlow of the late Lance, and its
marine correlative, the Cannonball, is developed here. *

The rocks of this county are thus important to the determi-
nation of the stratigraphy and the relations of these various
formations in South Dakota. They are of particular importance to
the Lance problem because the boundary of the continental and
marine facies of the upper Lance, the Ludlow and Cannonball, lies
across the county.

The area in central Perkins county was chosen for investi-
gation because it contains upper Lance beds which lie approximately
at the geographic boundary between the continental and marine
facies. Detailed studies of these beds are necessary to further
stratigraphic studies, to structural studies, and to economic
studles such as those involving oil, gas, and coal. ' .\

The area was chosen also because -of coal deposits in 1t which
have been of much importance in the settlement of this and the '
gurrounding area and which constitute the most lumportant looal
source of fuel.



Previous Geglogle: Work:

The earliest geologists to investigate the general
region in whieh the central Berkins county lies were N. Hs
Winchelll and Bailey Wiliiz.© The former, with the Custer
expedition, under William Ludlow passed to the westward in
western Harding county in 1874. The latter, ten years later,
made a preliminary investigation between Grand and Moreau
Rivers which extended westward to Rabbit Butte. Todd, first
8tate Geologist of South Dakota, 1in 1§95 made a reconnaleg~
sance into northwestern South Dgkota./ He approached the area
as near as the Slim Byttes and the Cave Hills. He classified
the rocks of the .region, now known as the Lance, with the
Laramie. He also recognized the beds of the White River in
the S1lim Buttes. The Lance was not subdivided nor the Fort
Union differentiated. 1In 19004and again in 1902, Todd made
reconnalssance investigations. At the later date he studied
Rabbit Butte, made side trips to Bixby, and to the south and
of S1lim Buttes. He later visited Coal Springs. He made a
generalized geologic section of the region, collected foseils
from formations of the region, and made scveral sections, one
of which he made at Rabbit Butte. His classifications re-
mained the same as in hie earlier reporst.

The first comprehensive and detailed geological survey
was made for the purpose of land classification during the
summers of 1911 and 1912, _under the auspices of the United
States Geological Survey.5 ‘The formations of Harding and
Perkins county were first mapped in detail, coal beds were
plotted, and sections made. This survey classifled the for-
matione of the region essentially as at present. The lance
wag subdivided into lower Lance, Ludlow lignitic member,
and the Cgpnnonball marine member of the Lance. Numerous
contributions by other authore have been made to the know-
ledge of the formations represented in the area. Studies of
the general region, preliminary studies of the coal and its
properties have been made by the South Dakota Geological
Burvey.

5

1. Ludlow, Willlam, Report of & Reconnalgsance of the
Black Hills of South Dakota, U. §. 4., Washington, 1875.

2. Willis, Balley, Lignites of the Great §ioux Reservation,

U. 8. Geological Survey, Bull. 21, 18C%.

3. Todd, J. E., A reconnaissance into northwestern South
Dakota. South Dakota Geological Survey Bull. No. 2, pp.

4. Todd, J. E., Preliminary report on the geology of the north-
‘west-central portion of South Dakota. South Dakota Geolog-
ical Survey, Bull, No. 4, 1908&,

5. Winchester, D. E., Hares, ¢. J.,, Lloyd, E. R., and Parks,
E. M., The Lignite Field of Northwestern South Dgkota.
United States Geological Survey Bull. No. 627, 1916.
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About six weeks during July and August, 1932, were
spent in the study of the area. All parts of the area were
investigated. The outcrops were plotted from speedometer
readinge and by pacing.. Seotions were made with the ald of
hand level and by telescopic level and stadla rode.

Acknowledgements:
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Mr. Kirk M. Sandals rendered diligent and able assistance in
the field. The literature on thie and the surrounding region
have been freely consulted. Analysis of coals were made &%t
the South Dakota School of Mines through the kindnese of Dr.
C. C. O'Harra and Chas. Bentley, analyst.

PHYSIOGRAPHY AND GEQGRAPHY

Physiographic province

: Central Perkins county is well within the Great Plains,
the eastern boundary of the area being approximately 100
miles from the eastern edge of the Plains, The boundary
between the Great Plaine and the Glaciated Plains province
ie roughly marked by the valley trough of Missourl River.

_giainage.andlﬂelief

. Drainage is to South Fork of Grand River and to Moreau
River through ite major tributaries, Thunder Butte Creek and
Rabbit Creek. (Plate I). Thunder Butte Creek crosses the area
diagonally from the western edge toward the southeastern cor-
ner and drains the central amnd southeastern part of the area,
approximately 85 square miles. Most of T. 18 N,, R. 13 E.,
excepting the northern corners, T. 18 N., R. 14 E., excepting
the northern two tiers of eections, and all of T. 17 N., R. 1lh.,
excepting the southwestern corner drain to Moreau River
through Thunder Butte Creek and its trivutaries. The northern
part of the area is drained by nearly parallel, short, deeply
cut valleys which drain somewhat west of north into Bouth Fork
of Grand River. The valley trough of South Fork is from one to
three miles north of the mapped area, Grand River tributaries
drain all of T. 19 N., R. 13 E. and T. 19 N., R. 14 E., and in
addition the northern eorners of T. 18 '§,, R. 13 E. and the
northern two tiepg of sectionms of T. 18 N., R. 14 E., a total
of approximately sixty square mileg. Rabblt creek crosses



sec. 31, T. 17 N., R. 13 E. and with its southward dralining
tributaries drains riost of this township, the southwestern
part of the area, approximately thirty-five square miles.

All streams of the area are intermittent. They flow only
after high precipitation or from the runoff of melting snow.

The relief of the area is related to the dralnage. That
of Rabbit Creek valley and Thunder Butte Creek valley is most-
ly low, averaging less than fifty feet from valley bottoms to
butte tops., Maximum relief in these drainage areas is rarely,
if in any case, more than 100 feet. Much of this part of the
area is rolling grass and wheat land, known since early occupa-
tion as part of the "Big Meadow".

North of the divide between Thunder Butte Creek and South
Fork of Grand River, relief is high, valleys are deeply cut,
only small flattish areas occur, and butte and "brecks" topo-
graphy prevails. In these'"breaks", the common nane on the
plains for rough topogrephy where numerous valleys cut into
flattish areas, the maxinuwm relief is over 400 feet. Between
the proninent buttes along both sides 'of the southern boundary
- of T, 19 N., R, 14 E. and South Fork of Grand River, about five
miles north, the elevation decreases more than 450 feet or an
average of fifty feet or more per mile.. o

: The relief to the north of the divide between Grand River
and Thunder Butte drainage has been developed much nmore recent-
ly than that to the south. The buttes along the south line of
T. 19 N., R. 14 E. mark a former position of a formerly higher
divide which has since been shifted about two nmiles to the
south. The o0ld divide rises fifty to sixty feet above the

present one. - The o0ld divide ie approximately 2730 feet above
sea level whetreas the new divide is approximately 2680 feet
above sea level. The lower parts of valleys at the northern
edge of the mapped area probably have an elevation of about
2330 feet. - o o '

Culture o
Towns: |
Bison,'the 6ounty*seat of Perkins county, and the only
town in the mapped area, with a population of 250is on the Grand
River~Thunder Butte divide in sec. 13, T. 18 N., R. 13 E. It
is the distributing center for the surrounding territory.

Rallways., Highways, and Roads:

No railways cross the central Perkins county area. The
nearest railway is through White Butte at the northern boundary
of Perkins county, but railway facilities at Lermon in the north-
eastern corner of the county are coriuonly used by inhabitante of
the region. ' - ,

e



Figtre 3. Generhlifed Section of the rocks at the Surface
of Perkins county, South Dakota.
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State Highway Ne. 18 crosses the area and furnished high~
way connection with Lobridge to the east and through Buffalo
to the west. About eight miles east of the area, State Highway
No. 1% connects with State Highway No. 73 to Lemmon. Between
Bison amd Lemmon both Highway No. 18 and No. 73 are gravel
surfaced, but west of Bison No. 1& is graded exrth, and east
of the junction with No. 73, there is more than forty miles
of graded earth highwgy. Passage by car or truck is difficult
over these earth roads during wet weather.

South of Grand River-Thunder Butte divide, roads and
trails are abundant, mostly on section lines, so that this
part of the area is readily accessible by car. North of the
divide, roads are few, and access is diffjcult.

Water Supplies

Water supplies were not studied in detall in the area.
On the divide, however, between Thunder Butte Creck and Grand
River, where the surface is above the Scotch Cap sandstone
of the Ludlow-Cannonball, water is accessible in shallow -
wells from 80-150 feet in depth: COther sandy lenses and
beds furnish less certain supplies below this horizon. Catch—
basins for impounding water have been made in many places by
the construction of dams in small valleys, and "buffalo
wallowsg" along the intermittent stresms furnish water for
stock in many places.

STRATIGRAPHIC GEOLOGY

Introductory Statement:

‘Rocks at the surface of the central Perkins county area
consist of beds of late Oretaceous Lance, Oligocene White
River, gravels of Pleistocene age, and alluvium, slope mantle,
and residuum of latter date. Of these formations the Lance
covers the greater portion of the area, later deposits occur-
ing here and there as small patches, none of which cover as much
as half a square mile. although beds older (Lance) and younger
(White River) than Fort Union outcrop in the area, the Fort
Union is absent because of erosion following its deposition.

Unexposed Rocksg!

Deposits as 0ld as upper Pierre occur in Perkins county,
only twenty miles southwest of the area. DBeltween this outcrop

~5-
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Pierre and that of the Hell Creek of lower Lance age, the Fox
Hills sandstone occurs at its normal stratigraphic position. It
is thus certain that Pierre and Fox Hills occur below the Lance
in thicknesses and position common to the region. These forma-
tions are shown in the columnar section (Figure 3) in their rela-
tion to the rocks expesed in Perkins county.

Lance

Exposed Rocks:

Beds of the Lance are the oldest strata which outcrop in the
area. (Plate I, Figures 1 and 3). In porthwestern South Dakota
the Lance is divisible into two memberst a lower, the Hell Creek,
and an upper of two facies, a continental and a marine facies.
The continental developmen% of the upper Lance is known as the
Ludlow and the marine as the Cannonball. As suggested in a
later page, it is suggested that where these facies interlense
and where the environment of deposition is in doubt, the name
Ludlow-Cannonball be used. (Figure

Both Hell Creek and Ludlow-Cannonball outcrop in the area.
Detailed descriptions of these beds are given in the pages which
follow. ' '

HELL CREEK MERBER

Definition:

The Hell Creek Member of the Lance in northwestern South
Dakota is the succession of clays, shales, and sandstones, most-
1y of subdued or somber colors, which lies, in the eastern part
of the sSouth Dakote coal field, between the marine and brackish
water Fox Hills and the marine Cannonball member of the Lance.

A8 thus defined, in South Dakota, it contains no marine or brack-
ish water beds, these being included in the underlying Fox Hills
or the overlying Cannonball marine member of the lLance. In the
extreme northwestern counties of South Dakota, Harding and Perkins

o T 0 S s T i A A S S A b s A s B e T S G A T S e S S b S s W s Tt Bt S e A% s o G e ek g e T (e S g S8 A e S e W S

l./ The Lance showld probably rank as a series and the subdivis—
ions as formations, since the subdivisions of the Lance are as _
thick and as important stratigraphically as the Fox Hills forma-
tion which lies below the Lance.



counties, where the Fox Hills is mostlv represented by relative-
1y thin massive white sandstone, the Colgate sandstonel, of some-
what doubtful marine origin, the Hell Creek member includes the
beds immediately above these sandstones. The member in these
counties continues upwerd to the base of the Ludlow or Cannon-
ball members of the Ilance, terrestrial and marine equivalents,
which lie above the Hell Cresek. The Hell Creek is the lower

part of the laramie Formation of Todd2 and the lower part of the
Lance of Winchester, Hares, Llovd, and ParksS. The name "Ceratops
beds" ie also commonly used for the Hell Creek in older descrip-
tions. -

Distribution:

The Hell Creek member of the lance occurs widespread in
northwestern South Dakota, where it forms the outcrop between
that of the Fox Hills and that of the Ludlow, Ludlow-Cannonball,
or Cannonball members of the Lance. In the area mapped in cen-
tral Perkins county (Plate I) onlv the upper portion of the mem-—
ber is exposed, and that onlv %n the south of Grand river and
north of Rabbit Creek. The largest outcrop lies in the south-
west part of the mapped area along the valley of Ravbit Creek
and its tributaries in the south and southwest sections of T. 17
N., R. 13 E. The member has been mapped along Thunder Butte
Creek and its tributaries in the eagt half of T. 17 N., R. 1l E.
Small outcrops extending southward from the outcrop area along
South Fork of Grand River have been mapped into the arca along
trivtutaries for short distances.

¥nenever possible, the boundarv line between Hell Creek and
Ludlow has been drawn at the base of a coal bed which lies at
the base of the Ludlow member of the lLance in many places. Where
coal outcrops at this position, the boundary has been drawn with
definiteness. Ih many places, homever, particularly in the
southern part of the arca, the coal is wissing between the two
members or it is hidden by grass covered slope mantle soill and
residuum. In such cases the boundarv has been drawn as careful-

1./ Calvert, Ww. R., Geolozgy of Certain Lignite Fields in Eastern
Montana; U. 8. Geol. Survey Zull. 471, p. 194, 1912.

#inchester, D. E., Hares, C. J., Lloyd, &. R., Parks, E. M.,
The Lignite Field of Northwestern South Dakota; U. S. Geol. Sur-
vey Bull. 627, p. 18, 1916.

2./ Todd, J. ., A Reconnaissance into Northwestern South Dako-
ta; South Dakota ueol. Survey Rull. No. 2 pp. 48-60, 1898.

Todd, J. E., Preliminary Report on the deologv of the North-
west Central Portion of sSouth Dakota; South Dakota ueol. Survey
Bull. No. 4, pp. 32-37, 1908,

3./ Winchester, D. E., et al. loc. cit.
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1y as possible on the basis of topography and on the character
of the nearest exposed bedrock. ,

The boundary thus drawn is similar to that drawn by Wine-
chester~., except in the goutheast part of T. 17 N., R. 13 E.and
in T. 17 N,, R. 14 E., where the Hell Creek (Lower Lance) on
Winehester'!s map éovers & considerably larger area than on the
pregsent map. Thig différence is in part due to a difference in
interpretation of topography and also apparently beeause of the
assignment of a coal bed outcropping in See. 3, T. 17 N., R. 14
E. by Winchester to the lower Lance, now Hell Creek, and to the
base of the Ludlow by the present survey.

Topographic Expreseion:

The Hell Cresk, where accessible to erosion, ls a badland
former. In areas of high relief its badland forming character
is most pronounced. Representative Hell Creek vadland areas
include the one which encircles the Slim Buttes to the west of
Perkins county and the "Jumpoff" in western Harding county at
the headwaters of South Fork of Grand River. Even where relief
is lew, as& in the southwest and southeast corners of the central
Perkins county area, badland topography developed on & small
soale aids in identification of the Hell Creek. The topographic
expression is in marked contrast to the butte producing characte:
of the Ludlow-~Cannonball.

Character and Lithologic Detailsg:

The Hell Creek member of the Lance is composed of clays,
shales, silts, sandstones,; and thin coals. Clays and then beds
of impure sandstone commonly predominate, although carbonaceous
and lignitic shales are obeserved in greater or less amounts 1in
most outcrops. Clays of the member tend to be more or less
plastic or gumbo-like when wet, but become hard when dry, par-
ticularly on the surface of exposures. Many of the sands con-
tain sufficient plastic clay to become gumbo-like and somewhat
plastic when wet and hard and tough when dry. The gumbo-like
character of Hell Creek sandstones is €0 notable that the sands
have been called gumbo sande in sections of the member, such
as those eited in the succeeding pages. The character is used
also to distinguish isolated outcrops of the Hell Creek and in
recognition of the boundary line between Hell Creek and Ludlow.
Although consolidation is uncommon, here and there sandy beds
are cemented into lenticular concretionarv masses which project
prominently from the faces of exposures.

Colors of the Hell member are distinctive 1ln the general
predominance of dull shodes of gray, brown, drab, and buff.
Shades of gray predominate. The sharacteristically lifeless
hues are responsible for the old name "gomber beds." These
gomber hues are a most ready means of recognition of the member
and have been used as an important basis of definition and of

ROSR 0

1. Winonestér, D. L., The Lignite Field of Torthwestern
South Dakota: U. S. Geol. Survey Bull, 627, Plate II, 1916.
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&elimitation of these deds from the underlying anpd overlying
gtrata in South Dakotaand elsewhere.

Bedding of the Hell Creek is commonly eobscure. It 18
shown in large exposurss chiedy by vertisal changes in color,
lithology, and texture. Clays and shales eommonly show little
evidence of lamination excepting in cases where carbonaceous
materials alternate with beds of more or less structureless ma-
terial or where carbonaceous material and fragmentary plant me-
terial is oriented in such a wmanner as to render the bedding
conspicuous. Here and there, at various levels, bands of limo-
nite or clay ironstone indicate partings between beds. Sandy
lenses in many cases show distinct bedding, the bedding planes
in many cases being ripplemarked, and cross-lamination on a
small scale being observed in many places.

Lateral and vertical gradations in lithology and color are
charaseteristic of the Hell Creek member of the lance. The mem-
ber can be traced throughout the South Dakote coal field by
means of its general lithology and color, but lithologic units
can be traced definitely over small areas only. A zone of beds
containing thin coals and carbonaceous materials occurs in the
upper part of the Hell Creek succession expnsed near the mepped
area, but even these beds of carbonaceous matcrials are not
known to be continuous individually over any considerable area,
although the carbonaceous zone appears to be widely distributed.

In the area mapped (Plate I), beds showing the characters
described are poorly exposed because of the slope mantle and
soil which conceal them. 1In order to determine the succession,
sections have been studied outside of the mapped area in stiuva-
tions where there are more complete exposures. The upper part
of the Hell Creek is excellently exposed along South F ork of
Grand River westward from the junction with Flat Creek to and
beyond the highway crossing South Fork north of Cash. Exposures
are particularly good both east and wést of this highway in
bluffs north of South Fork and in cuts made by small southward
draining tributaries east of the road. The table of succession
which follows is a typical one exposed along undercut bluffs
west of the roads in Sees. 33% and 28 T. 20 N,, R. 12 E. It not
only shows the upper part of Hell Creek succession, but is also
ghows the lower part of the Ludlow and the gradatlon between
these two members of the Lance.

Section of lLance showing the upper part of the Hell Creek
member and the lower part of the Ludlow-Cannonball member as
exposed in sces. 33 and 28, T. 20 N., R. 12 E,, together with
overlying beds.

Thickness
Pleistocene Feet
38. Rubble band overlain by buff sllt 8

Lance formatien
Ludlow=Cannonball member

- 9 -



37

36.

35.

3.

33.
32.

31,

30-

29,

28,

27.

26.

Shale, buff and gray, silty, mlcacenus,
thlnoedded, grades upward into silty
sand.
Ledge of micaceous, gray, Vvery
thinbedded, silty, fine grained sand-
stone 12 feet above base, which 1s
thicker and more firmly cemented in
some places than in others. This
ledge shows cross bedding and Well de—
veloped ripple mark - = = = = = — = = = = - - 2% 5/6
Shale, dark brownish gray, flaky in
upper part.  Contains small, sparsely
distributed fragments of plant debris,
grades into overlying bed = - = = - = = = = = 16
Coal, black, glance and dull coal in
approximately equal amounts, thin gyp-
gum plates on vertical joints - - - - - - - -=-11/2
Shale, dark brown to black, lignitic.
Contains large selenite crystals to
two inches in length = = = = = = = = = = = = - - 1/4
Coal, mostly glance — = — =~ = = = = = = = = = = = 1/3
Shele, sandy, silty, brown, gray and
yellow mottled; highly llgnltlo and
flaky in upper part - - — = = = =~ = = - = - - 11/2
Sandy silt and silty sand, 1nor5831ng~
ly sandy toward top. Light gray and
buff. Weathers to "Ludlow yellow",
colored by limonite in upper five feet.
Bedding thin, tending toward thin lam-
ination. Sundstone ledge of fine
grained, gray, thinbedded send, O- 5/6
feet in thickness occurs six to elght
feet below tO0p = = = = = = = = = = = = = = — = 19 1/2
Shale, silty, micaceous, dark gray,
weathers brown,sulphur yellow on
joints. Grades upward into lighter
colored brownish gray sandy silt.
Shale gray and flaky — = = = - = = = = = = = - L
Coal, black, brittle, horizontally lam-
1nated vertlcally jointed, some fusain,
both dull and glance coal — — — = — = = — — = - 12/3
Silty sand and sandy silt, contalins
plant debris and carbonized wood frag-
ments, Buff, brown, and gray mottled.
Some shale. Some identifiable leaves - - ~ — — 1
Shale, rich brown to nearly Dblock, wmuch
plant debris, occasional icentifies ole

leaves, one inch of glance coal at top - - - =3/4-1
Shale and sandstone, silty, dark buf:
and brown. Laminae paper thin. gathers

yellowish or buff, Grades u)ﬁ%lu 1nto

beds which are dominantly w&ﬂdy, souwe

layers of clear sand up to one inca

thick. Interbedded with thinbedded
-10~



: Feot
shale, sand, and silt. The whole,
however, very distinctly bedded.
dbout elight feet below top, one or
more beds of sand are consolidated
into a hard concretion-like zone.
These sandsbtone masses split into
thin flaggy layers which show beau~
tifully developed translation ripple~
marks, mostly about one inch from
crest to crest, but some two inches
or more. Oriented in various direc—
tions on bedding planes. The whole
exposure weathers Ludlow yellow = = = - - 14

25+ Shale, dark gray, flaky = = = = = = = = =  1/2

24, Bhale, dark brown, fissile = = = = = - - 2

23+ Bhale, block and brown, highly carbon-
aceoue, fissile, weathers into thin
flakeg = = = = = = = = = m e = = - - 1

22. Bhale, carbonaceous, "black jack", tough,

shaly, bony, = - = = ¢ = = = = = = = = = 1/
2l. Coal, black, glance and dull in about ‘

equal amounts = = =~ = =~ = = = = = = = = ~ 1/6
20. Bhale, brown, lignitic, plant debris

abundant, slickensided = » == = = » - = 11/e

19. 8and, fine, groy and buff. Loose; unce-
mented, Contains rounded concretionary
masses to three inches across at inter-
Valg = = = - — - e e e - 11/4
18. BShale and sandstone, interbedded, finely
laminated for the most part but showing
alternating zones in which first shale,
then sand, predominate. Shale dark
gray. ©Sand light groy, conftaining lim-
oniti¢ streake and clay ironstone bands.
- Containe large concretionary sandstone
masses 10 feet in diameter showing well
developed translation ripple marzs up
to four inches from crest to crest. Con—
cretions light gray, somewhat tough,
loosely indurcted and very thin bedded
and lie betwecn five and seven feet above
the base = - - — — o e = = = - W 3/4
17. Shale, hard, gray, contains clay iron-
stone bands up t0 two inches thick = - — - 2 1/2
16. Sond apd clay, finely interbedded. Sand,
yellow brown to buff in upper part; clay
nearly brown, somewhat gray, cccowss in—
ocreasingly sonly toward t6p - — - - = = = 7
15. COlay shale, gray, brown, finely micaceous.
_ Contains yellow sulphur colored streaks -~ - 2
14, Coal, black, brittle, much glance, hor—
lzontally bedded, vertically jointed. Some
fusain. Gypeun on jointgs .= — =~ = =~ — = =1/2-1 1/6

s



Feet
13. Clay shale, gray brown, yellow streaked
in upper part. Upper part laminated,
plant debris and glance coal on beddlng
Planes = = = = = = = = = = = =~ = - - 2
12. Coal, mostly glance, black, brittle - - 1/12-1/4
Hell Uréek itember
11. Clay shale, gray brown, somewhat brii-
tle, slig ﬂ+ly silty, structureless - - - 7
10. Gumbo ciuys and silty guwbo sands, unl-
formly somber gray. Limonite councre-
tions in thin horizontal bands. Very
tough and hard. Contains large concre-
tionary sandstone masses five feet
above base and again few feet below
top; these are iight gray, silty, and
gsoft. Upper five fpet loose, friable,
ilty sand, not gumbo-like. Thin dip-
continuous lenses of coal to three in-
ches at about the middle - - - = = - - - 20
9. Shale, brown, highly lignitic, abundant
plant debris, somewhat fls sile:  cone
taine some glance coal = = = « = - - - = 1/4
8. Coal, hard, blagk, horiz telly lomi-
nated = = = = = =« = = - - - -—— - = 1/4
7. Shale, gray, flaky, apparently struc—
HTUTELEBS = = = = = = = = = = = - - - - 1
6. Shale, browvn, lignitic, considerable
plant debdris — = = = = ~ = = =~ = = = - = 1
5¢ BShale and sund alternating. Flaky shale
and buff silty sand in following crder:
Shale, flaky ~ - - = = 2 feet
Send, 8ilty ]
Shole, flaky, gray -~ -
Sand, rray, silty - -
The two taode of silty sand differ in
color; the lower is buff, the urper
more gray. all beds weatiner guwbo-
like. Guubo-like character most noto-
ble in floky shales which sliow 1t Dy
hardnesg of dry weavhered surface and
gunbo frocture - = - = = = - = —- - = 11
L. Gumbo sand, friable and somewhat plas—
tic when wet. Hard;, gumbo jointing
vhen éry. Color sulphur yeilo; in low-
er four inches, somber gray avove. Con-
tains large masses of light gray sand—
stone 2 1/2 fect thick and up to 15 reet
in diameter two to three feet telew the
top. Beds above concretiocns are more

— ey am e em

\
1
e

-FF“N

silty than telow and less To-llke - =~ 9 3/4
3. Coal, weoathered, flaky, npporentiy oony 11/2
2. Clay, brommish gray, utnifory aand cpparent-

1y structureless = = = = - = = - - ~ - = 1
1. Covered 1“tcrvu1 estimated to river lev-

Bl = = = - . e e e e - e - - - = = 25



The upper boundary of the Hell Creek member of the Lance,
as indicated in this table of succession has been drawn at the
base of the lowest coal above gumbo sands and gumbo clays &f
typlcal Hell Oreek aspect. The boundary thus drawn lies also
below heds of yellow buff, gray, and brown of shades notably
more vivid than those belcw.

Stratigraphic Relotionsg:

Both lower and upper contacts of the Hell Creek merber of
the Lance are gradationnd. he lower one is below the surface
in this area, but elsewhere in South Dokota, wherever investi-
gation of the contact has been made, the Fox Hills grades up-
ward into the basal Lonce without sedimentary interruption,
except where cut and fill common in deposits of this tyDe OC-
cur. Indeed, in many places, the boundary between the forma-
tions rust be drawvm orbitrarily unless brackish water fossils
or a distinct change in lithology vccurs at the top of the
Fox Hills. These bhasal relations of conformity are probably
the rule throughiut the Dakotas, enstern Montana, ond north-
eastern Wyoming. '

The uvpper contact of the Hell Creek with the Ludlow-Can-
nonball is also cne of gradation cnd transition. Although
suggestions of disconformable relatlons are sugoested, as in-
dicated in later pages, in the Lance of thig area, these are
not of great importance and ooccur vwell avove the lithologic
boundary in the Ludlow-Cannonball. In fact the boundary is
drawn arbitrarily at a more or less gradunl change in color,
lithology, and nhysiographic expressiun.

Fossils:

Fossils were nut observed in the Hell Creek of this area.
They have becn found, however, in mony places in South Dakota
and elsewhere. Several collections of fossile from the Hell
Creek of Harding and Perkins county were nade LY the Winches—
ter survey, threc of vhich were in Pexkins county. Those in
1./ Thom, W. T., Jr., end Dobbin, O. E., Stratigrapiy of Cre-
Taceous-Eocene tronsition beds in enstern Lontnna ond the Do-
kotas: Geol. Soc. Anerica Bull., vol. 35, pp. 496-497, 1924,

Ward, Freeman, The Lance Problem in South Dakotal  Am.
Jour. Sci., 5th ser., vol. 7, pp. 65-68, 1924,

Dokbin, C¢. E., and Reeside, J. B., Jr., Contact of Fox
Hills and Lance foruations: U. 8. Gecl. Survey Prof. Paper
158, pp. 9-25, 1929.
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Perkins county consisted of two species of poplar, Oelistrus,
a woody vine or shrub, and Grewia, which helongs to the:lin-
‘den family.l Elsewhere in northwestern South Dakota the
glant redwood, Scquoin, the sogpberry, a becchlike tree, and
8 species: of lotus-like waterlily were collected.

i .

Dinogaurian remains and those of fresh water turtles,
extinet alligator or crocodile-like reptiles, and other rep-
tiles occur. Of the dinosaurs, the three-horned Triceratops
and the duck-billed Trachodon are most characteristic. The
Hell Creek includes the last of the dinosaurs, although other
reptiles such as the alligator and crocodile-like Charpsosaure
us persists into the Fort Union. o

Thickness:

Only the upper fifty or sixty feet of the Hell Creek are
exposed in the area. 4n additicnal thickness of about 37§
feet of Hell Creeck beds is believed to lie below those exppsed
in central Perkins county.

A

Correlation:

The Hell Creck beds of the area have been traced from
this region to the Hell Creek of eastern iiontana ond to the
North Dakota boundary in Corson county. They continue northe-
werd at the surface nearly to Bismark, North Dakota.c West-
rord, the menber crosses the boundary inmto lontana, and the
outcrop continues into Wyuming. It is correlated with these
beds in North Dakota, liontana, and Wyoming and with beda clse~
where which coaforuably overlie. the Fox Hille and its equiv-
alents. - o

LUDLOV~CANNONSALL LEMBER

Name and Définition:

&'

The nonzes ﬁudlow and Cannontall are applied to depégﬂts
believed to have been nmade contemporaneously in late Lance
tine. The Ludlow was named the Ludlow lignitic nember from

1./ Winchester, et al., The Lignite Field of Northwestern
South Dakota: U. 8. Geol. Survey Bull. 627, p. 24, 1916.
2./ Lloyd, E. R., and Hares, 0. J., Cannonball Merine kem~
ber of the Lance Formation: Jour. Geol. vole. 23, p. 527;
nap p. 525, 1915. .
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typical exposures near Ludlow, Harding county, South Dakota,
approximately fifty .iles northwest of Bison.* The Cannonball
marine uenber of the Lance wos first differentiated and

nared by Lloyd from significant outcrops along Cannonball
River, North Dakota.2 The Ludlow was first differentiated
from the Lower Lance, now called the Hell Creek, by the pre—
vailingly lighter color, greater proportion of sandstone, and
by the coal it contains. It was separated fron the Fort

Union bLecause of the intervening rarine beds of the Cannonball
nenber of the Lance over o part of the South Dakota coal field.
The Cannonball was first defined in southwestern North Dukota
as the upper 250 or 300 feet of the Lance./ After differentio-
tion of the Ludlow frowm the lower Lance and further studies

in Harding and Perkins counties counties, South Dakota, the
Ludlow and Cannonball were found to ve terrgstrial and narine
equivalents deposited during the sane time.™ In the area
mapped in the present investigation, Lance beds above the Hell
Creek lie near the geographic boundary between the terrestrial
Ludlow and the marine Cannonbnll., Although most of the Lance
of the area, above the Hell Creck, is probatly terrestrial
and therefore Ludlow, certaln sandstones are possibly wholly
or in part marine. Since fossils necessary to debternine pos~—
itively the marine or terrestrial origin of these beds have
not been found, it seems advisable, at least ot this tine, %o
use the tern Ludlow-Cennonball for the aren rather than Ludlow
for beds at this position. Indeed, the term Ludlow-Cannonball
may well Le used in all cases where terrestrial and marine
beds of this o ¢ interlense ag they cdo in many placee near the
boundary of the Cannonball sea. (Figure 4) The term Ludlow
would thus Le used to designate the veds lyins in the inter-
val between Hell Creek and Fort Union if represented by beds
entirely of terrestrinl facies, the Cannonkball.if the succes-
cion is entirely marine, and Ludlow-Cannonball if marine and
terrestrial ieds alternate, or if terrestrial &anad parine al—-
ternations are suspected Secause of character of Leds, dlstri-
bution, or geographic position. :

Thus defined, the terin Ludlow-Cannonball meriier of the
Lance is used in central Perkins county tc include all Weds
includinz the basal coal ané the uppermost beds of the Lance.
1,/ Lloyd, E. R., anc dares, C. J., The Cannonball lMarine
Henber of the Lance Formation of North and South Dakota and
its Bearing on the Lance-lLaramie problen; Jour. Geol. Vol
23, p. 523, 1915. '

2./ Lloyd, E. R., The Cannonball River Lignite Fleld, liorton,
Adams, and Hittinger counties, North Dakota; U. S. Geal. Sur-
vey Bull. 541, p. 249, 191k, -
%/ Lloyd, E. R., loc. cit. p. 249.

./ Lloyd, E. R., and Hares, C. J., loc. cit. pp. 523~547 4

13915. ,
Winchester, D. E., et al, The Lignite Field of Northe-

western South Dakota: U. S. Geol. Survey Bull. 27, pp. 15-
26, 1916. '
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The basal coal is defined as the lowest coal exposed in secs.
17 and 18, T. 17 N., R. 13 E., or strata correlated with it.
Outside this area in many places where Fort Union occurs the
contact between Lance and Fort Union warks the upper boundary.
Elsewhere in South Dakota the line between Lance and White
River beds of Oligocene age constitutes the upper boundary.

General Character:

The Ludlow and Cannonball, here treated as one member of
the Lance formation for reasons previously explained, consist
of sandstone, shale, clay and coal with small amounts of cal-
careous material and limestone. The sandstones and siltstones,
which are the most commonly exposed parts of the nember, are
characteristically buff, yellow, and yellowish tuff at the sur-
face and hence are in rother striking contrast to the drab,
dull browns, and gray of the Hell Oreck member of the Lance.
The sandstone and siltstone neubers are buite formers and un-
der erosion produce a flat-topped butte topography very differ—
ent from the "mud butte' and badlond topography of the Hell
Creek. The Ludlow in this portion of the South Dakota coal
field differs from the Hell Creek also in the coal which it
contains. The only workable coal beds of central Perkins
county occur in the Ludlow, althou;h thin Leds of coal occur
in the upper part of the Hell Creek near the central Perkins
county area, and probably occur here glso under cuver.

Subdivisions:

In the central Perkins county area several subkdivisions
of the Ludlow~Cannonbtall have been identified and traced with-
in the boundaries of the area wmaopped, and sone of these have
been observed and identified outside the area at considerable
distance frow it. For purposes of description these are de-
signated by nawme. The naies, however,are given for purposes
of local descripticn only, unless further work proves that they
can be traced over a considerable portion of the Ludlow, Lud-
low-Canronball, and Cannonbtall outcrop wreas. The subdivisions
used here are as follows, arranged in the order of position,
nuabered from the base upward: -

6., Bison silt and sandstone
2. Biscon coal
« Scotcii Cap sandstone
3. Hillen coal zone
2. Lower sandstone
1. Basal coal zone

Of these subdivisions, the Losal Coal zone and the Hillen

Coal zone contain coal, carbonaceous clay, and shale, and clay
with subordinate amounts of sandstone. Some shales and clays
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are associated with the Bison coal in the places where expo-
sures permit study. The lower sandstone, Scotch Cap sandstone,
and the Bison silt and sandstone are clastics without carbon-
aceous materials. Thus the Ludlow-Cannonball consists of
alternating zones of relatively fine materials assoclated with
coal and carbonaceous shale alternating with zones dominantly
of somewhat coarser elastic beds. It is of interest to note
in this connection that the upper. Ludlow, which contalns
several coal beds in the type area in the vicinity of Lud-

low and around the Cave Hills, is not coal bearing here.
Furthermore the sandstone beds within the Ludlow-Cannonball

do not reach the thickness characteristic of the type Lud-

low area. In the pages which follow, detailed descriptions

of the several zones are given from the base upward in the
order of thelr stratigraphic p051tion.

Basal Coal Zone:

The basal coal zone of the Ludlow-Cannonball is & suc-
cession of beds of clay, coal, and shale which lies at the
base of the Ludlow-Cannonball everywhere in the central
Perkins county area. It has been-identified in the mapped
area wherever exposures are good, and it appears to be con-
tinuous outside the area eastward to the vicinity of Coal
Springs and westward to the locality south of Strool. The
zone is probably the same as a similar succesgion at this
position around the 8lim Euttes and may te the same as a
zone Of shale ‘and carbonaceous material, ovutcropping above
the Hell Creek as far vwest as along the South Dakota-Montana
line about six mileg northwest of Camp Crook, Harding County,
and in many other places west of the Slim Buttes,

Where best - exoosed the basal coal zone conslsts of
four coal beds separatcd by clay, clav-shale, and clav,
rarely sand, and in some¢ places where shale overlles the
uppermost coal; it also has been included. The coal beds
are black in color. They vary in thickness from a few inches
up to five feet. Identification of individual coal beds of
the succession is not possible in widelv separated outcrops,
although in outcrops sufficiently close together, correla-
tion appears to be possible.. Thus, although the persistence
of 1nd1v1dual beds can rarely be demonstrated, the zone in
which they occur appears to be persistent, at least over
muoh of the South Dakota. outcrop area.

. The beds of clay, shale, and clav shale are mostlv med-
lum to dark gray, although drab and brownish drab beds occur.
In many cases clays immediately underlving coal beds are
siliceous, structureless, with bedding absent or obscure,

'in some cases slickensided and commonlv containing carb0n~
ized rootlets. These claye appear to ke of the true under-
clay or "fire clav" tvpe such as those which underlie most
of the coal beds of Illinois, Kentucky, &nd elsewhere in
gastern coal fields. Presumebly thev constitute the soils
in which the coal making plants grew. The shales are
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laminated and contain carbonized detrital plant matter. These
shales are thus the result of sedimentation rather than of soil
forming processes such as those to which the underclavs owe their
character. The bagal coal of the succession is commonlv tnder-
lain by underclav. In many places in the South Dakota coal field,
coal beds have been burned, and the overlving shales and clavs

have been baked to a brick red or yellow. This material is locallv
called "scoria", although geologists commonly refer to it =as
clinker. This material occurs rarely in this area, but outcrops
south of the mineg in Sece. 17, 18, 17 N., R. 13 E.

Clays and shales between the coal beds of the basal succession
vary in thickness from a fraction of an inch up to eighteen feet.
In a gection made in 1929 in SE. ¢, Sec. 17, T, 17 N., R. 13 E., &
shale above the lowest coal varied between nine and fifteen feet,
and the shale above the second coal varicd between 2% and 18 feet.
The thickness of the entire zone is also variable, although it can
rarely be measured with certainty, since e¢xpousures occur onlv in
strip mines, and thesc eommonly expose but one or two coal beds
whose position in the succession is uncertain. As nearlv as could
be determined, thickness veries from 14 7/12 feet up to 603 feet
In central Perkins eounty. Rast of the arca near Coal Springs,
the whole zone appears to be exposed in the Sundermeyer mine and
ig about 17 feet thick, West of the area, near Strool in the
Van Lee mine“, the basal zone varies between & 1/12 and 17 5/6 feet.
The common thickness 1s probably between 15 and 35 feet. '

Details in the succession and voriations in detalls are shown
in the tables of succession which follow:

Section of basal coal zone of the Ludlow-Cannonball and beds
overlylng it exposcd in the Hafner mine in the SE. ¢, NE. ¢, Sec.
8, T. 17 N., R. 13 E.

Feet

8. Boil, sanQ@y-———=c=—=rm e 1
{. Sandstone and sandv shale, contains large

sandstone concretions to 15 feet or more

in greatest dlameter and more than une

fout in thicknesg———=——=——mc e e 5
6. Coal, impure, thinlv laminated; contains

thin clay partings —-—=t--—mm—m-mmmeoccmm e 1/3-1

5. Shale, light medium gray to medium
dark grav, plant leaves abundant in

1./ Searight, W. V., Preliminary RepoTrt on the Coal Resources
of South Dakota; So. Dak. Geol. Survev, Rept. of Inv. No.
S, p. 38; 1930. .

g/ Searight, Ww. V., loc. cit., pp. 39-40.
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' Feet
thinney parts — = = = = = = = = = = =~ = - 2 1/2~18

4, Coal, impure; containes thin clay part-
ings’— S 3/h-1 1/4

3. BShale, medium groy, prominently jointed
, o , . v
throughout, fractured into angular
?

Pleces = = = = = = = = = = ~ -~ - - - - - 9-15
2. Coal, black, bright, horizontally bed-

ded, hard, vertically jointed - - - - - - 4 1/2-5
1. Clay, tough, medium gray, jointed; con-

tains carbonized rootlets - - = - - = - - 2

Total exposed - - - - = - 25 1/12-48 1/4

Section of Dbaesal Ludlow-Cannonball coal zone as exposed
in the Carlson mine in the SEg, SWg, sec. 17, T. 17 N., R. 13

10, Boil, sandy — = = = = = = = =« = « ~ - 1
9. 8hale, gray and browm, brown below - 14-15
8. Coal, leuinobted, Lony = = = = = = = = 1/3
7. Shale, medlum gray, horizontally bLan-

dgd =~ = = = = = = = = e - - - - 6
6. OCoal, black = -~ = - - T 11/2
E. Shale, gray, thinly laninated - - - - 1/2«1 1/2

. Coal, hblack, hard, brittle - - - - - 5/6

3. Shale, medium gray — — = = = - = — - 1/6
2. Coal, black, vertically jointed iuto

cubical blocks ~ = = = = = = = = - ~ 4 1/2-5
1. Clay, herd, gray, somewhat siliceous,

containeg fossil rcotlete (not ex-
posed in 1932, but observed in a
former vigit) = = = = = = = = = = = 5

Totel exposed - - — 33 B/6~34 11712

Section of Dbeds correlated with basal Ludlow-Cannonball
coal zone and overlying beds exposed along the south section
line in southeast corner of SWi, SEf, Sec. 10, T, 17 N., R. 14
EI

Pleistocene and Recent

2. Silt - - = = = = - ~ - —_— e m = - = 2
. Gravel and sand, fairly clean - - - — - 2=3
3. Ludlow-Cannonball silt, sandy, banded,

buff, gray, and brown; thinly laminatcd.
Contains sandstone concreticns of gray,
silty sand one foot thick 4 and 6 feet



’ Feeh
above base, with clay ironstone concre—
tions just below each zone = —l~ ; - 5 - - 1%
2. Shale, brown, silty, contains plant debris - =
1. Goal,’reported B e e N S 0 ¥

Total exposed — =~ - 18 1/2-19 1/2

Section of lower Ludlow-Cannonball exposing basal

coal zone in the Herzog mine in the NW.1/4, NE.1/4, Sec. 26,
T. 19 N., R. 14 E. "
Fee

13. Sand, gray to browm, silty, tough; contalns
large concretionary sandstone masses to &
feet in length and 3 feet in thickness.
Also contains large leaves of deciduous
trees and plant debris = « = = = = =« = « « ~ 12
12. Bhale, mottled, yellow brown, gray, and
Clavender = = = = = o e == = e - 1-3 1/2
1l. Coal, bony; shaly in places = = = = = — - = =1/12~5/6
10. Shale, highly carbonaceous, dark ©rown to
black, thinly laminated. Similar to
bony coal in UPPeT Part = = = = = = = = = = - 1/2
9. Bhale, brown, lignitic, flaky, sticks ‘
and s%ems on bedding pianes i B Bl 15/6
8. 0Ooal, black, brittle, about equally glance 4
AN QULL = = = = o o o e 1/4-1/3
7. OClay, bfown %o gray, gritty, micaceous,
pyritic. Gypsiferous on jolnts; slicken-
sided. Containe plant debris or root-
letSe = = = = =« = = = el R 2
6. Shale, lignitic, flaky, brown to black + = — 1/12=1/6
5. Coal, black, thinly laminated, about
equally glance and dull; vertically
jointed. Appears bony in upper 1/6 foot = — 11/
L, COlay shale, gritty, light gray; diagon—
‘ally jointeds Thin bedded in upper half.
Olay ironstone concretions 1 1/2 feet above
base. Contains rootlets and leawes. :
Highly lignitic in upper 1/2 fo0b = = = = - ~ 5 1/2
3. GCoal, impure. Contains considerable '
fusain and selenite = = = = = = = = = = = = = 1/12
2. QOoal, black, hard, brittle, vertically
jointed. About equally glance and dull = - = 2

1. Clay, BTay = = % = = = = = = = = = = = = = = 1/12
Total exposed # = « = - =26 1/4~-29 1/k4

The first and second are the typical dections of
the area and indicate the similarity between the compone
ents o0f the zone in differen® outcrops: They algo show
that considerable variations in the member are to be gx-
pected in very short distances, since these sections are

o2 0w



only ebout two thirds of a mile apart. The section at
the Hafner mine alone shows the rapid thinning and thick-
ening of the clastic beds of the succession. The third
secfion is one which appears on Winchester's geologic

mapt in the lower Lance, the Hell Oreek of this report.
The earlier survey did not, however, recognize the con—
tinuity of the Scotch Cap sandstone of the Ludlow~Cannon=-
ball, which extends well into the area mepped on Wine
chester's map as lower Lance. (Plate I) The greater part
of this area is mapped as Ludlow=Cannonball by the present
survey, and the coal of the third section cited is be-
lieved to correlate with one of those of the basal Lud-
low zone. The fourth section, that at the Herzog mine,
is typical of the basal coal zone near South Fork of
Grand River. The lowermost clays in the first two
sections are arbitrarily placed at the top of the Hell
Creek, and that at this position in the Herzog mine
probably belongs here alsds

Plant fossils occur in the basal coal zone,
Oollectione were made by the Winchester survey axd iden-
tified by F. H. Knowlton. The fossils occur, as noted
in the sections cited above, in the coal above the
lowest coal bed in the mines in Sec. E%Eand 17, T. 17 XN.,
R. 13 E. These were listed as follows*

"Sec. 29, T. 17 N., R. 13 E. (from baked shale
above lignite bed which occurs at base of Ludlow Member) .

Carpites sp.

Sapindus affinig? Newberry.
Fern, fragmentary.

Corylus spe

Celastrus sp.?

Cocculus haydenianus Ward.

Secy 17, T. 17 N., R. 13 E. (from shale above lignite
at Sexton ming).

Onoclea sensibilis Linne.
Cocculus haydenianus Ward.
Sapindus cf. 8. affinig Newbexry.
Sapindus grandifoliolus Ward.
Conifer, Taxodiwn? sp. !

The plants listed consist of ferne, a conifer or ever-
green, the hazel, the soapberry, of which several species

1./ Winchester, D. E., et al, The lignite field of north-
~ western South Dakota: U, S. Geol. Survey Bull. No.627,
Plate II, 1916, |
2./ Winchester, D. E., et al, loc. cit. page 2k, 1916,

o



grow in southern United States, & beechlike shrub, a
berry producing vine, and a vine or shrub related to
the false bittersweetb.

Lower Sandstone and 8ilt Zone!

The lower sandetone and silt zone consists of sand
and silty sand which immediately overlies the lower
coal zone. It is well and typically exposed to the
ecast of the road 2 miles south of the northwest corner
of 8¢c. 31, T. 19 N., Re 14 E. The sandstone is also to
be seen above the lower coal zone in strip mines which
uncover the upper part of the upper coal zone. Sand-
stone forming low bluffs in Secs. 32 and 33 is corre-
lated with it, since it appears to lle at this gtrati-
graphic position.

The zone consists of micaceous sandstone and mica-
ceous silt of buff, brown, yellow, and light gray
color. Here and there as at the mine 1n SE.1§4, SW,1/4
Sec. 20, T. 19 N., R. 14 E., the base consists of buff
or yellowish buff sand which grades upward into sandy
sil%. Near the uppermost coal in the lower 1 1/2 feet
some glance coal cccurs. Higher beds of the zone ex— -
posed 2 miles gouth of the northwest corner of Sec. 31,
T, 19 N., R. 1l E., consist of sandy, buff, mlcaceous
thinbedded silt grading upward into fine, silty, light
gray, micaceous, massive sandstone.

In many places the lowexr part of the zone contains
large and thiok concretionary masses of cemented sand-
stone to 15 feet or more in diameter and 3 feet 