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AREAL GEOLOGY OF THE LODGEPOLE QUADRANGLE

By

Robert E. Stevenson

JNTRODUCT 1ON

THE MAPPING OF THE LODGEPOLE QUADRANGLE
WAS DONE IN 1954 AS PART OF THE STATE GEOLOGICAL
SURVEY'S COAL RESOURCES PROGRAM. EXPLORATORY
DRILLING FOR BURIED COAL WAS DONE THE FOLLOWING
YEAR.

GENERALIZED COLUMNAR SECTION

LOCATION

THE QUADRANGLE LIES IN THE NORTHWEST PART
oF PERKINS COUNTY ALONG THE NORTH DAKOTA LINE.
THE AREA 1S APPROXIMATELY 150 MILES NORTHWEST
ofF PIERRE AND |25 MILES NORTH OF RAPID CiTY.

GEQGRAPHY

ROLLING, WELL-GRASSED PRAIRIE LANDS WITH
A NUMBER OF BUTTES AND BUTTE-LIKE RIDGES
CHARACTERIZE THE TOPOGRAPHY OF THE REGION.

NEAR LopGePoLE (SOUTH-CENTRAL PART OF THE
QUADRANGLE) AND TO THE WEST 1S A PLATEAU-LIKE
AREA DRAINED BY THE HEAD-WATERS OF LODGEPOLE
CREEK AND SURROUNDED BY "BREAKS". A BUTTE=-
LIKE RIDGE EXTENDS EAST FROM THIS PLATEAU NORTH
oF LoDGEPOLE. TO THE NORTH LIES THE VALLEY OF
NORTH FORK GRAND RIVER, FROM WHICH A GENTLE
SLOPE LEADS NORTH TO ANOTHER BUTTE AREA. THE
TOTAL RELIEF IN THIS QUADRANGLE IS ABOUT 430
FEET.

THE NoRTH FORK GRAND RIVER MEANDERS SOUTH-
EAST ACROSS THE QUADRANGLE. |TS VALLEY, 0.4 ToO
|3 MILES WIDE HAS A NARROW FLOOD PLAIN THAT IS
CONFINED TO THE WIDTH OF THE MEANDERS AND TWO
WELL DEFINED DEPOSITIONAL TERRACES ARE PRESENT
APPROXIMATELY |5 AND 25 FEET ABOVE MEAN RIVER
LEVEL. THERE ARE ALSO SCATTERED REMNANTS OF A
THIRD, HIGH LEVEL TERRACE ABOUT 60 FEET ABOVE
THE RIVER.

LopGEPOLE CREEK 1S THE ONLY OTHER MAJOR
STREAM IN THE AREA, BUT THERE ARE MANY INTER-
MITTENT TRIBUTARIES TO THE NORTH FORK GRAND
RIVER., PERMANENT WATER BODIES ARE THE VOYBEDA
AND LODGEPOLE RESERVOIRS IN THE CENTRAL AND
SOUTHERN PARTS OF THE QUADRANGLE AND NUMEROUS
STOCK DAMS.

THE CLIMATE 1S SEMI=ARID WITH AN AVERAGE
RAINFALL OF |4=17 INCHES. THE PRINCIPAL
AGRICULTURAL OCCUPATIONS ARE DRYLAND FARMING
AND STOCK=-GRAZING. THE REGION IS SPARSELY
INHABITED (| FAMILY PER 5 SQUARE MILES), THE
ONLY SETTLEMENT IS LODGEPOLE, WHERE THERE IS
A POSTOFFICE-STORE. LODGEPOLE 1S ON A GOOD
GRAVEL ROAD CONNECTING Bi1SoN, SOUTH DAKOTA AND
HETTINGER, NORTH DAKOTA. THERE ARE SEVERAL GOOD
SECONDARY ROADS.

LODGEPOLE
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STRATIGRAPHY

SURFACE FORMATIONS RANGE IN AGE FROM EARLY
TERTIARY TO RECENT. THE CANNONBALL 1S THE
ONLY COMPLETELY EXPOSED FORMATION IN THE QUAD-
RANGLE. CONTACTS BETWEEN THE CANNONBALL AND
UNDERLYING LuUDLOW OR BETWEEN THE CANNONBALL AND
THE OVERLYING TONGUE RIVER ARE CONFORMABLE. THE SURFICIAL SEDIMENTS OF
QUATERNARY AND RECENT AGE OVERLIE THE TERTIARY ROCKS WITH MARKED UNCONFORMI TY.
WITH THE EXCEPTION OF THE MARINE CANNONBALL, ALL SEDIMENTS MAPPED HERE WERE
DEPOSITED UNDER TERRESTRIAL CONDITIONS.
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FormAaTION LLovyp AND HARES 1915: EXPOSURES OF THE LUDLOW ARE
RESTRICTED TO THE AREAS ADJACENT TO THE NORTH FORK GRAND RIVER AND MAJOR
TRIBUTARIES. THIS FORMATION, THOUGH VERY HETEROGENEQUS, IS PRINCIPALLY
BUFF TO WHITE MEDIUM= TO FINE=GRAINED CROSS=BEDDED SUBGRAYWACKE SAND,
AND GRAY SILTY FINE SAND; IT HAS OCCASIONAL LEDGES AND CEMENTATIONS OF
CALCAREOUS SANDSTONE, INTERBEDS OF LAMINATED GRAY SILTY CLAY, SCATTERED
LIMONITIC CONCRETIONS, OSCILLATION RIPPLE MARKS (INDEX 10), AND NUMEROUS
LAMINAE OF PEAT=CLAY.

NEAR THE TOP OF THE LUDLOW IN THIS AREA IS THE HILLEN LIGNITIC FACIES,
ABOUT 35 FEET OF WHITE FINE-GRAINED SAND, BROWN PEAT-CLAY, BUFF AND GRAY
SILTY CLAY, WITH THREE INTERMITTENT SEAMS OF BLACK BLOCKY LIGNITE. THE
MIDDLE ONE, 13 IN. TO 50 IN. IN THICKNESS, IS THE MOST PERSISTENT. THE
OTHER TWO VARY BETWEEN O IN. AND 23 IN. IN THICKNESS.

OnLy 100 To 130 FEET OF THE LUDLOW FORMATION IS EXPOSED HERE. THE
UPPER PORTION INTERFINGERS WITH THE OVERLYING CANNONBALL FORMATION.

LLoyp 1914: ALTHOUGH OUTCROPS OF THIS FORMATION
ARE RARE, FRAGMENTS OF ITS CHARACTERISTIC CONCRETIONS ARE SCATTERED OVER
THE ROLLING TOPOGRAPHY IN THE CENTRAL, SOUTHWEST, SOUTHEAST, AND NORTHWEST
PARTS OF THE MAPPED AREA. THESE VERY ABUNDANT SMALL TO MEDIUM DENSE DARK=
GRAY LIMESTONE CONCRETIONS, TOGETHER WITH LARGER LENTICULAR CALCAREOUS
CEMENTATIONS OCCUR IN A LAMINATED GRAY SILTY FINE SAND WITH OCCASIONAL
INTERBEDS OF A BUFF FINE SAND AND LIGHT-GRAY SHALE. THE LIMY ROCKS CONTAIN
SMALL MARINE PELECYPODS AND GASTROPODS.

THE CANNONBALL IN THIS AREA 1S |05 To |45 FEET THICK.

Toneue River FormATiON (TAFF 1909): THE SANDSTONE LEDGES OF THIS
FORMATION ARE FOUND ALONG THE EDGES OF THE PLATEAU-LIKE AREA NEAR Lopee-
POLE, AND THE BUTTES IN THE SOUTHWEST AND NORTHEAST PORTIONS OF THE MAPPED
AREA. WITH THE EXCEPTION OF THE LIGNITIC FACIES, THE FORMATION IS MOSTLY
LIGHT=BROWN TO BUFF TO WHITE LENSING AND CROSS=BEDDED MEDIUM= TO FINE=GRAINED
SUBGRAYWACKE SAND WITH OCCASIONAL INTERBEDS OF GRAY TO BUFF SILTY SLIGHTLY
BENTONITIC CLAY. CALCAREOUS SANDSTONE LEDGES AND CEMENTATIONS AND SEVERAL
HORIZONS OF LIMONITIC GONCRETIONS ARE ABUNDANT. APPROXIMATELY 250 FEET OF
THE FORMATION IS EXPOSED IN THE QUADRANGLE.

AsouT |20 FEET ABOVE THE BASE OF THE TONGUE RIVER IS THE LODGEPOLE
LIGNITIC FACIES. THERE 1S ONE MAJOR SEAM OF BLACK BLOCKY TO FISSILE LIGNITE
VARYING FROM 24 To |12 INCHES IN THICKNESS (AVERAGE 1S 65 INCHES), AND FOUR
MINOR INTERMITTENT SEAMS VARYING FROM 37 TO 33 INCHES IN THICKNESS. INTER=-
BEDDED WITH THE LIGNITES ARE BROWN PEAT-CLAYS, BROWN TO GRAY SILTY CLAYS AND
SLIGHTLY BENTONITIC CLAYS, AND A LIGHT GRAY SILICEOUS SILT WITH PLANT
FRAGMENTS. THIS LATTER SILT 1S THE SOURCE OF SOME OF THE MANY "“ORTHOQUARTZITE"
BOULDERS STREWN ON THE SURFACE OF NORTHWESTERN SOUTH DAKOTA. THE FACIES IS
2] 1o 75 FEET THIck (AVERAGE IS 35 FEET).

TERRACE GRAVELS: SOUTH OF THE NORTH FORK GRAND RIVER IN SEC. 34, T.
23 N.y R. Il E., AND NORTH OF THE RIVER IN SEC. 19, T. 22 N., R. 13 E., ARe
HIGH TERRACE REMNANTS COVERED WITH A THIN VENEER OF A FAIRLY CLEAN SUB-
ARKOSIC GRAVEL, GRIT, AND SAND.

TERRACE DEPOSITS: ALONG THE NORTH FORK GRAND RIVER ARE A NUMBER OF LOW
TERRACES CAPPED WITH O TO 6 FEET OF INTERLENSING SILTY SUBANGULAR GRAVEL AND
SAND., MOST OF THE MATERIAL IS FOREIGN IN ORIGIN.

TerrACE RuBBLE: LOW TERRACE DEPOSITS OCCUR ALONG THE LARGER STREAMS.
THE DEPOSITS CONSIST OF COARSE ANGULAR GRAVEL AND CLAYEY SAND OF LOCAL
DERIVATION, PRINCIPALLY FROM THE CANNONBALL AND TONGUE RIVER FORMATIONS.

DEPOSITS: MAPPED AS ALLUVIUM AND ALLUVIAL DEPOSITS ARE THE
RECENT ACCUMULATIONS OF SILT, SAND AND GRAVEL IN THE VALLEYS OF THE MAJOR
WATERWAYS IN THE QUADRANGLE. MOST OF THE MATERIAL 1S FLOODPLAIN DEPOSITS,
BUT INCLUDES SOME LOW TERRACES ALONG SOME TRIBUTARY STREAMS.

STRUCTURE

THE AREA 1S CHARACTERIZED BY A SLIGHT REGIONAL DIP (12 FEET PER MILE)
NORTHEASTWARD TOWARD THE CENTER OF THE DakoTA (WiLLisTon) BAsin. THERE
ARE OCCAS|ONAL SMALL SECONDARY FAULTS AND FOLDS (DIPS LESS THAN 19) wHosE
AMPL | TUDES AND DISPLACEMENTS ARE USUALLY LESS THAN 20 FEET. THERE IS NO
CONS ISTANT DIRECTION OF STRIKE FOR THESE MINOR STRUCTURES.

AT THE PRESENT TIME GRAVEL AND LIGNITE ARE BEING EXPLOITED IN VERY
SMALL QUANTITIES IN THIS QUADRANGLE. THERE ARE SEVERAL COMMERCIAL DEPOSITS
OF LIGNITE THAT ARE NOT BEING MINED AT PRESENT, AS WELL AS A SMALL URANIUM
DEPOSIT.

COAL: THERE ARE TWO LIGNITE HORIZONS IN THIS AREA, THE HILLEN FACIES OF
THE LUDLOW FORMATION, AND THE LODGEPOLE FACIES OF THE TONGUE RIVER
FORMATION. BOTH OF THESE FACIES CONTAIN MINABLE SEAMS OF LIGNITE.

HILLEN FACIES: THIS COAL WAS MINED IN THE EARLY |900'S AND AGAIN IN
THE 1930's. THE ONE MINABLE SEAM RANGES IN THICKNESS FROM |3 To 50 INCHES.
THE LIGNITE IS BLACK IN COLOR, BROWNISH BLACK IN STREAK, BRITTLE, BLOCKY
TO FISSILE, BANDED AND CONTAINS MINOR QUANTITIES OF MELANTERITE OR JAROSITE
AND SELENITE, AND MARCASITE. THE LIGNITE SLACKS UPON DRYING (INCREASING ITS
B.T.U. VALUE) AND 1§ NONCOKING. A PROXIMATE ANALYSIS IS SHOWN IN TABLE |.

RESERVES OF HILLEN LIGNITE ALONG THE NORTH FORK GRAND RIVER TOTAL
7,456,000 SHORT TONS MEASURED (THESE TONNAGE ESTIMATES ARE COMPUTED ON A
MINIMUM THICKNESS OF 2% FEET, A SPECIFIC GRAVITY oF 1.25, anp 1,700 TONS
PER ACRE-FOOT. THE TWO TYPES OF ESTIMATES ARE MEASURED; WITHIN ¥ MILE OF
A MEASURED SECTION AND INDICATED; + TO |+ MILES FROM A MEASURED SECTION.)
WHICH CAN BE MINED EITHER BY STRIP OR UNDERGROUND METHODS. ROOF ROCK 1S
EITHER CLAY OR SANDSTONE AND OVERBURDEN 1S MOSTLY SAND AND SANDSTONE.

LopGePoLE FACIES: THIS COAL HAS BEEN MINED ON A SMALL SCALE ALMOST
CONTINUOUSLY SINCE THE 1900's. AT THE PRESENT TIME ONLY THE CARNELLA MINE,
2% MILES SOUTH OF LODGEPOLE, 1S IN PART-TIME OPERATION. THERE 1S ONE MAJOR
MINABLE SEAM (44 TO |12 INCHES THICK), AND ONE LOCALLY MINABLE sead (31 To
45 INCHES THICK), WHICH 1S 5 TO 25 FEET ABOVE OR BELOW THE MAIN SEAM.

THE LIGNITE 1S BANDED, BLACK IN COLOR, BROWNISH BLACK IN STREAK, BRITTLE,
BLOCKY AND FISSILE, WITH MINOR AMOUNTS OF MARCASITE BALLS, MELANTERITE
FRAGMENTS, AND SELENITE CRYSTALS. OCCASIONALLY THERE ARE THIN CLAY PARTINGS
WITHIN THE SEAMS. THE LIGNITE IS NONCOKING, AND SLACKS MODERATELY UPON
DRYING. THE CHEMICAL CHARACTER OF THE LODGEPOLE LIGNITES IS SHOWN IN TABLE
| AnD 2,

TasLe | PROXIMATE ANALYSES

CoAL Sec, Tps, Ree.| MoisTurRe| VoLATILE| CARBON| ASH PBULFUR | B.T.U.

LopeeroLe? | 34 22N. 12E.| 35.78% | 43.62% | 13.26%| 7.34% 1.22% | 6,027

Lnne£P0L53 29 2IN. 12E.| 33.30% 28.90% | 27.30%| 10.50%| 0.76% | 6,960

lopeeroLe? | 20 2IN. 12E.] 30.65% | 29.91% | 34.68%| 4.76%0.79% | 7,045

HiLLen? 17 22N. 12E.[ 41.84% 40,92% | 11.81%| 5.434 0.51%| 5,130

TaeLE 2 ULTIMATE ANALYSES

CoaL Sec, Tes, Ree. HYDROGEN] CArRBON | NITROGEN | OXYGEN | SULFUR| ASH

LopeepoLed | 34 22N. 12E)  6.30% | 34.30x | 0.50% | 47.10% | 0.90%| 10.90%

| = ANALYSES BY STATE CHEMicAL LABORATORY, VERMILLION, S. D.

2 - ANALYSIS FROM WINCHESTER, ET. AL. (1916)

3 - ANALYSIS BY SouTH DakoTA ScHooL ofF MINes (ConnoLLy Anp O'HarraA, 1929)
4 - ANALYSIS BY U. S. BUREAU OF MINES, PITTSBURGH, PA.

THERE ARE THREE AREAS OF MINABLE LODGEPOLE LIGNITE. THE FIRST, SOUTH
OF LODGEPOLE CONTAINS AN ESTIMATED TONNAGE OF 7,427,000 SHORT TONS MEASURED;
THE SECOND, NORTH AND NORTHEAST OF LODGEPOLE CONTAINS |3,591,000 SHORT TONS
MEASURED; AND THE THIRD, ADJACENT TO WOLF BUTTE IN THE NORTHEAST CORNER OF
THE MAP CONTAINS 236,000 SHORT TONS MEASURED AND INDICATED. THE TOTAL
ESTIMATED TONNAGE RESERVE OF LODGEPOLE LIGNITE 1S 21,254,000 SHORT TONS.

SAND AND GRAVEL: SAND AND GRAVEL BARS IN THE NORTH FORK GRAND RIVER ARE
BEING EXPLOITED. THIS MATERIAL IS BEST SUITED FOR CONCRETE AGGREGATE AND
ROAD SURFACING. TERRACE DEPOSITS ALONG THE NORTH FORK GRAND RIVER ARE SUIT-
ABLE FOR ROAD SURFACING, AND WASHING AND SIZING WOULD PROVIDE SAND FOR CON-
CRETE AGGREGATE. THE TERRACES IN THIS AREA CONTAIN AsouTt 11,000,000 cusic
YARDS OF SILTY GRAVEL.

: MUCH OF THE LODGEPOLE FACIES SHOW A TRACE OF RADIOACTIVITY. How-
EVER, IN AN AREA SOUTHWEST oF LopcepoLe (SW§ Sec. 19, T. 21 N., R. 12 E.),
THE MAIN LIGNITE SEAM HAS AN AVERAGE ASSAY OF 0.01% URANIUM, GIVING AN
ESTIMATE OF 20 SHORT ToNS (DENSEN, 1952) OF URANIUM IN THE LIGNITE TONNAGE
CALCULATED FOR THAT AREA (SEE ABOVE).

QIL AND GAS: THE AREA HAS POSSIBILITIES FOR OIL PRODUCTION. ALTHOUGH THERE
ARE NO SURFACE STRUCTURES, THERE MAY BE BURIED ONES; FURTHERMORE STRATIGRAPHIC
TRAPS MAY BE PRESENT. POSSIBLE RESERVOIR FORMATIONS, WHICH PRODUCE ELSEWHERE
IN THE DAKOTA (WiLLISTON) BASIN, ARE THE PALEOZOIC LIMES, ESPECIALLY THE
Miss1ON CANYON FORMATION (AT DEPTHS OF ABOUT 6,350 FEET IN THIS AREA) AND THE
RED RIVER FORMATION (AT DEPTHS OF ABOUT 7,200 FEET IN THE MAPPED AREA).

REFERENCES CITED

ConnoLLY, J« R., AND O'HARRA, C. C., 1929; THE MINERAL WEALTH OF THE BLACK
HiLLs; S. DAk. ScH. MINES, BuLL. 16

DeNsSEN, N. M., 1952; SummarY OF URANIUM-BEARING CoAL, LIGNITE, AND CARBONACEOUS
SHALE INVESTIGATIONS IN THE Rocky MounTAIN ReGion DurinGg 1951; U. S. Geor.
SURVEY, TRACE ELEMENTS Memo 341A, 43 PpP.

WiNCHESTER, D. F., ET. AL., 1916; THE LIGNITE FIELD OF NORTHWESTERN SOUTH
DakoTA; U. S. GeoL. SumRvey, BuLL. 627, 165 pP.



