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AREAL GEOLOGY OF THE ELLINGSON QUADRANGLE

Robert E. Stevenson

ANTRODUCT ION

THE QUADRANGLE WAS MAPPED GEOLOG ICALLY
IN THE SUMMER OF 1954 AS A PART OF THE STATE
GEOLOG ICAL SURVEY'S COAL RESOURCES PROGRAM,
EXPLORATORY DRILLING FOR LIGNITE WAS DONE THE
FOLLOWING YEAR.

GENERAL IZED COLUMNAR SECT ION

LOCAT ION

THE ELLINGSON QUADRANGLE LIES IN THE
NORTHWEST CORNER OF PERKINS COUNTY AND THE
NORTHEAST CORNER OF HARDING COUNTY, ALONG THE
NORTH DAKOTA LINE. THE AREA 1S APPROXIMATELY
160 MILES NORTHWEST OF PIERRE AND |20 MILES
NORTH OF RAaPID CiTY.

LODGEPOLE
FACIES

GEOGRAP

ROLLING PRAIRIE LAND WITH A FEW SCATTERED
BUTTES AND SMALL MESAS ARE THE DIAGNOSTIC
TOPOGRAPHIC FEATURES OF THIS REGION. A PROM=-
INENT HIGH POINT 1S ANARCHIST (Mup) BuTTE ON
THE WESTERN BORDER OF THE QUADRANGLE.

SANDSTONE CAPPED BUTTES AND MESAS ARE
PRESENT IN THE EASTERN QUARTER AND IN THE
SOUTH CENTRAL PART OF THE MAPPED AREA. MosT
OF THE REST OF THE QUADRANGLE IS A ROLLING
PLATEAU WITH LOW RELIEF, CUT ONLY BY THE WIDE
GENTLE VALLEY OF HORSE CREEK. THIS PLATEAU=
LIKE AREA 1S BORDERED ON THE NORTH BY THE
VALLEY OF THE NORTH FORK GRAND RIVER. THE
NORTH FORK GRAND RIVER HAS A NARROW FLOODPLAIN
AND TWO WELL DEFINED TERRACES ABOUT |5 AnD 25
FEET ABOVE THE WATER LEVEL. (THE UPPER TER=
RACE MAPPED AS QTD). ASIDE FROM THE NORTH
FORK GRAND RIVER, THE ONLY PERMANENT WATER
BODIES ARE THE NUMEROUS STOCK RESERVOIRS.

THE PRINCIPAL AGRICULTURAL PURSUITS ARE
DRYLAND FARMING AND STOCK GRAZING, FOR THE
CLIMATE IS SEMI=ARID WITH AN AVERAGE RAINFALL
OF |3=15 INCHES. THE REGION 1S SPARSELY
INHABITED WITH A POPULATION INDEX OF 2 FAMILIES
PER 5 SQUARE MILES, AND IT HAS NO SETTLEMENTS.
——— ALONG THE WEST SIDE OF THE QUADRANGLE, IN
HILLEN HARDING COUNTY, 1S STATE HIGHWAY 75, A NORTH=
FACIES SOUTH GRAVELED ROAD. THE REST OF THE AREA IS
FAIRLY ACCESSIBLE BY GOOD COUNTY AND TOWNSHIP
ROADS «
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STRATIGRAPHY

SURFACE FORMATIONS RANGE IN AGE FROM LATE
CRETACEOUS TO RECENT. THE ONLY COMPLETELY
EXPOSED FORMATIONS ARE THE CANNONBALL AND
LubLow oF PALEOCENE AGE. CONTACTS BETWEEN
THE PRE=-PLEISTOCENE FORMATIONS=--HELL CREEK,
SHADEHILL LupLow, CANNONBALL AND TONGUE RIVER ARE

FACIES CONFORMABLE; THE PLEISTOCENE SEDIMENTS, HOW-
EVER, LIE ON THE OLDER ROCKS WITH A MARKED
HELL CREEK  yncONFORMITY. WITH THE EXCEPTION OF THE
FORMAT ION MARINE CANNONBALL, ALL THE ROCKS WERE DEPOSITED
UNDER TERRESTRIAL CONDITIONS.

HeLl CReexk ForRMATION Brown 1907 UpPerR MEMBER: HeLL CREEK OUTCROPS
ARE RESTRICTED TO AN AREA OF "ABOUT |00 ACRES IN THE SOUTHWESTERN CORNER OF
THE QUADRANGLE. THE FORMATION CONSISTS OF A SERIES OF DULL GREY AND BROWN
BENTONITIC CLAYS AND SILTS, AND IS APPROXIMATELY |5 FEET THICK,.

=orocr
Z0—=-PrzZ 0™

LLoyp AND HAReS 1915: OUTCROPS OF THIS FORMATION
ARE LIMITED TO THE AREAS ADJACENT TO THE MAJOR DRAINAGE AREAS. THE FOR=-
MATION IS DOMINANTLY A BUFF TO WHITE, FINE TO MEDIUM, CROSS=-BEDDED, SUB=-
GRAYWACKE TO SUBQUARTZOSE SAND WITH OCCASIONAL LENSING AND INTERBEDDED
CALCAREOUS, CROSS=BEDDED, RIPPLE MARKED, SANDSTONE LEDGES AND CEMENTATIONS;
AND LOCALLY LAMINATED GREY CLAY AND SILTY CLAY.

NEAR THE TOP OF THE LUDLOW IN THIS REGION IS THE HILLEN LIGNITIC FACIES
WHICH CONSISTS OF ABOUT 35 FEET OF LENSING AND INTERBEDDED GREY SILTY CLAY,
FINE WHITE SAND, BROWN PEAT=CLAY AND TWO MAJOR SEAMS OF BLACK, BLOCKY TO
FISSILE LIGNITE, THE UPPER RANGING FROM 6 INCHES TO 78 INCHES IN THICKNESS
AND THE LOWER FROM 6 INCHES TO 43 INCHES IN THICKNESS.

ABOUT 95 FEET BELOW THE HILLEN AT THE BASE OF THE FORMATION IS THE
SHADEHILL FACIES=--APPROXIMATELY |5 FEET OF GREY SILTY CLAY, GREY BENTONITIC
CLAY, AND BROWN PEAT=CLAY.

THERE 1S |40 TO 185 FEET OF LUDLOW EXPOSED IN THIS QUADRANGLE. THE
UPPERMOST STRATA INTERFINGERS WITH THE CANNONBALL FORMATION.

LLoyp 1914: FRAGMENTS OF THE CHARACTERISTIC

ROUNDED CONCRETIONS OF THIS FORMATION ARE SCATTERED OVER THE ROLLING GRASS=-
LANDS OF THE MAPPED AREA. THESE SMALL TO MEDIUM, LIGHT TO DARK GREY, DENSE
TO FINE=GRAINED LIMESTONE CONCRETIONS ARE IMBEDDED IN A BUFF TO LIGHT GREY
CLAYEY LAMINATED SAND, SILTY SAND, AND SILTY OR SANDY CLAY. THERE ARE
OCCAS IONAL CALCAREOUS SANDSTONE CEMENTATIONS AND LEDGES. THE LIMY ROCKS
CARRY A MARINE FAUNA OF SMALL PELECYPODS AND GASTROPODS.

THE FORMATION VARIES IN THICKNESS FROM |10 TO 150 FEET IN THICKNESS.

Tongue River FormATION (TAFF 1909): THE SANDSTONE LEDGES OF THIS FOR=
MATION ARE FOUND IN THE UPLANDS IN THE EASTERN QUARTER AND SOUTH=CENTRAL
PART OF THE QUADRANGLE, AND ON ANARCHIST (MuD) BUTTE ALONG THE WEST EDGE OF
THE MAPPED AREA.

THE SEDIMENTS ARE MOSTLY YELLOW TO BUFF, MEDIUM TO FINE, LENSING AND
CROSS=BEDDED SUBGRAYWACKE WITH NUMEROUS CALCAREOUS CEMENTATIONS AND LEDGES.
THERE ARE MANY INTERBEDS OF BUFF CLAYEY LAMINATED SANDY AND CLAYEY SILT,
HORIZONS OF LIMONITIC CONCRETIONS AND HORIZONS RICH IN PLANT FRAGMENTS.
AsouT 200 FEET OF THIS FORMATION IS PRESENT IN THE MAPPED AREA.

AsouT |10 To 70 FEET ABOVE THE BASE OF THE FORMATION IS THE LODGEPOLE
LIGNITIC FACIES. |IT CONSISTS OF A FAIRLY CONTINUOUS UPPER SEAM OF BLACK,
BLOCKY, HARD LIGNITE, RANGING FROM 72 INCHES IN THE EAST TO 7 INCHES IN THE
WEST. THE MORE LOCAL LOWER SEAMS ARE BOTH LESS THAN 2 FEET THICK AND MORE
FISSILE THAN THE UPPER. |NTERBEDDED WITH THE LIGNITES ARE BROWN PEAT=CLAYS,
BROWN TO GREY CLAYS, SILTY CLAYS, AND SLIGHTLY BENTONITIC CLAY. THE FACIES
VARIES FROM |0 TO 50 FEET IN THICKNESS.

TERRACE DEPOSITS: ALONG THE NoRTH FORK GRAND RIVER 1S A TERRACE
CAPPED BY UP TO 5 FEET OF INTERLENSING ROUNDED TO SUBANGULAR SILT, SAND,
AND GRAVEL DOMINANTLY OF LOCAL ORIGIN, BUT WITH SOME FOREIGN MATERIAL.

: |IN THE SOUTHWESTERN QUARTER OF THE MAPPED AREA |5

AN ELONGATE NORTHWEST=SOUTHEAST AREA OF GRASSED-OVER SAND DUNES. |IN THIS
HALF A MILE WIDE AND 4 MILE LONG STRIP, THE DUNES ARE LESS THAN |5 FEET IN
HE IGHT AND USUALLY SMALL. THE SAND IS TYPICAL DUNE SAND, ROUNDED AND SOME-
WHAT FROSTED.

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 IS FLOODPLAIN DEPOSITS, BUT INCLUDES
SOME LOW TERRACES ALONG SOME TRIBUTARY STREAMS.

STRUCTURE

A SLIGHT NORTHEASTWARD REGIONAL DIP (7 FEET PER MILE) TOWARD THE CENTER
oF THE DAkOoTA (WILLISTON) BASIN IS DIAGNOSTIC OF THIS AREA. THERE ARE A
NUMBER OF SMALL SECONDARY FOLDS AND FAULTS WHOSE AMPLITUDES AND DISPLACE=
MENTS ARE USUALLY LESS THAN 20 FEET.

ECONOMIC GEOLOGY

AT THE PRESENT TIME THERE IS NO EXPLOITATION OF MINERAL RESOURCES.
THERE ARE SEVERAL POTENTIALLY COMMERC AL DEPOSITS OF LIGNITE IN THE QUAD-
RANGLE, A SMALL DEPOSIT OF URANIFEROUS LIGNITE (ORE GRADE) IN THE SOUTHEAST
QUARTER, AND GRAVEL DEPOSITS ALONG THE NORTH FORK GRAND RIVER. A TEST WELL
FOR OIL HAS BEEN DRILLED IN THIS AREA (NORTHWEST QUARTER).

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 WHICH CARRY MINABLE SEAMS.

HILLEN LIGNITE: THIS LIGNITE WAS FIRST MINED IN THE EARLY 1900's AnD
AGAIN IN THE 1930's. THERE ARE TWO MINABLE SEAMS, THE UPPER VARYING FROM
6 TO 78 INCHES IN THICKNESS AND THE LOWER FROM 6 TO 43 INCHES. THE LIGNITE
IS BLACK IN COLOR, BROWNISH-BLACK IN STREAK, BRITTLE, BLOCKY TO FISSILE,
BANDED; MINOR QUANTITIES OF JAROSITE, MELANTERITE, SELENITE, AND MARCASITE
ARE PRESENT. THE LIGNITE SLACKS UPON DRYING (INCREASING THE B.T.U. CONTENT)
AND IS NON-COKING. A PROXIMATE ANALYSIS 1S SHOWN IN TasLE |.

THE LARGEST POSSIBLE COMMERCIAL HILLEN LIGNITE DEPOSIT LIES JUST SOUTH
OF THE ZI1ON CHURCH IN THE CENTER OF THE QUADRANGLE. THE ESTIMATEDY TON-

1/ AsouT 40% OF THIS DEPOSIT'S TONNAGE ESTIMATE IS MEASURED (LOCATED
WITHIN A HALF MILE OR LESS FROM A MEASURED THICKNESS), THE REST IS_TERMED

NAGE 1S 13,000,000 SHORT TONS. A SMALL DEPOSIT CONTAINING A POSSIBLE
1,300,000 SHORT TONS 1S PRESENT IN THE NORTHWEST CORNER OF THE MAPPED AREA
AND ANOTHER OF 250,000 SHORT TONS IN THE SOUTHWEST CORNER.

LopGEPOLE LIGNITE: THIS LIGNITE WAS MINED A LITTLE IN THE 1930's.
THERE IS ONE MINABLE SEAM, 7 TO 72 INCHES IN THICKNESS. THE LIGNITE IS
BLACK IN COLOR, BROWNISH=BLACK IN STREAK, BRITTLE, BLOCKY OR FISSILE; LIKE
THE HILLEN LIGNITE, IT CONTAINS MINOR AMOUNTS OF JAROSITE, MELANTERITE,
SELENITE AND MARCASITE. |IT IS NON=COKING AND SLACKS UPON DRYING. THE
CHEMICAL CHARACTER OF THE LIGNITE IS SHOWN IN TABLE |.

THE ONLY MINABLE LODGEPOLE LIGNITE 1S LOCATED IN TWO AREAS IN THE
VICINITY OF Duck CReek LUTHERAN CHURCH IN THE SOUTHEAST PART OF THE QUAD-
RANGLE. THE TONNAGE ESTIMATES ARE 800,000 SHORT TONS MEASURED.

TasLe | PROXIMATE ANALYSES

CoaL LocaTiON Mo1STURE | VOLATILE | FixeEp | SuLFur| AsH | B.T.u.
Sec Tsp RGE MATTER | CARBON

LopeeroLes/ | 9 2IN IIE 37.43 42,14 7.62 0.25 [ 12.81] 5,060

HiLLENS/ 34 22N |IE| 37.87 | 39.95 13.57 | 0.27 | 8.61| 5,252

HiLLen/ 24 23N 9E| 41.70 | 30.00 9.00 | 2.6 [19.30] 3,260

TaBLE 2 ULTIMATE ANALYSES

CoaL LocATION HyproGen| CArRBON | NITROGEN | OXYGEN | SULFUR | ASH
Sec Tse RGe
HiLLEnS/ 24 23N 9€ 5.8 23.0 0.5 48.8 | 2.6 19.3

ANALYSES BY STATE CHEMICAL LABORATORY, VERMILLION, S.D.
ANALYSES BY U. 5. BUREAU OF MINES, PITTSBURGH, PENNA.

SAND AND GRAVEL: SAND AND GRAVEL BARS IN THE NoRTH FORK GRAND RIVER AND
SOME OF THE ADJACENT TERRACE DEPOSITS COULD BE UTILIZED FOR ROAD SURFACING;
IF WASHED AND SI1ZED, THEY WOULD BE SUITABLE FOR SOME CONCRETE AGGREGATES.

QlL AND GAS: THERE ARE NO VISIBLE SURFACE STRUCTURES IN WHICH OIL AND GAS
MIGHT ACCUMULATE, BUT BURIED STRUCTURES AS WELL AS SEDIMENTARY TRAPS MAY
EXIST. THE BEST POSSIBILITIES FOR OIL PRODUCTION ARE IN THE MISSION
CANYON FORMATION (AT DEPTHS OF ABOUT 6900 FEET) WHICH IS PRODUCTIVE TO THE
NORTH IN NORTH DAKOTA. THE HUNT-U.S.A. No. | (NORTHWEST QUARTER) DRILLED
IN 1954 TOo THE CAMBRIAN 7 AT A DEPTH OF 9,433 FEET, WAS A DRY HOLE.

URANIUM: THE DEPOSIT OF LODGEPOLE LIGNITE LYING TO THE NORTHEAST OF DUCK
CREEK LUTHERAN CHURCH HAS BEEN ANALYZED BY THE FEDERAL GOVERNMENTZ/ FOR

4/ DENSEN, 1952

URANIUM. THE AVERAGE ANALYSIS 1S 0.01% URANIUM IN THE UPPER 3 FEET OF THE
LIGNITE SEAM, RESULTING IN AN ESTIMATED RESOURCE OF 46 SHORT TONS OF URANIUM
IN THE ESTIMATED LIGNITE RESERVE.
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