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AREAL GEOLOGY OF THE BISON QUADRANGLE

By

Edward J. Bolin

LOCAT | ON

THE QUADRANGLE OCCUPIES THE CENTRAL PART OF PERKINS COUNTY IN NORTHWESTERN
SoUTH DAKOTA. |IT INCLUDES AN AREA OF ABOUT 2|0 SQUARE MILES BETWEEN PARALLELS
45030' AND 45945' NORTH LATITUDE AND MERIDIANS [02915' Anp 102930 WEST LONGI-

TUDE.

GEOGRAPHY

THE VALLEY OF THE SouTH FORK oF GRAND RIVER AND THE "BiG Meapow'" ARE THE
MOST CONSP|CUOUS TOPOGRAPHIC FEATURES OF THE QUADRANGLE. THE S0UTH FORK OF
GRAND RECEIVES THE RUNOFF FROM THE ENTIRE QUADRANGLE WITH THE EXCEPTION OF THE
SOUTHERN TWO TIERS OF SECTIONS WHICH ARE SOMEWHAT DISSECTED BY SOUTH FLOWING
TR IBUTARIES To THUNDER BUTTE CREEK. THE "Bic Meapow'" 1S A VAST PENEPLANE WITH
A GENTLE EASTWARD SLOPE ON THE SOUTH FORK OF GRAND-THUNDER BUTTE CREEK INTER-
STREAM DIVIDE. |TS SURFACE 1S BROKEN BY A FEW FLAT-TOPPED WHITE RIVER BUTTES.
THE AREA NORTH OF THE SoUTH FORK OF GRAND CONSISTS LARGELY OF A DEEPLY DISSECT-
ED "BREAKS'" TOPOGRAPHY. HOWEVER, ALONG THE WESTERN MARGIN OF THE QUADRANGLE A
SMALL AREA CAPPED WITH CANNONBALL SANDSTONE REMAINS OF THE SOUTH FORK OF GRAND=
LoDGEPOLE CREEK DIVIDE.

THE TOTAL RELIEF OF THE QUADRANGLE IS ABOUT 575 FEET. THE MAXIMUM ALTITUDE
IS 2,848 FEET ON A SMALL REMNANT OF WHITE RIVER IN THE NEX Sec. |1, T.I8N.,
R.13E., AND THE MINIMUM ALTITUDE 1S 2,273 FEET AT WATER LEVEL IN THE SHADEHILL
RESERVOIR,

THE QUADRANGLE 1S SITUATED IN A SPARSELY POPULATED, SEMI=-ARID REGION. B1SoON,
THE COUNTY SEAT OF PERKINS COUNTY, 1S THE ONLY TOWN IN THE QUADRANGLE. THERE
ARE NO RAILROADS IN THE AREA, AND STATE HiGHWAY 8, WHICH CROSSES THE QUADRANGLE
IN AN EAST-WEST DIRECTION TWO MILES NORTH OF THE SOUTH BOUNDARY, 1S THE ONLY
HIGHWAY. FARM TO MARKET ROADS ABOUND IN THE AREA OF THE "BIG MeApow'" WHERE MOST
OF THE LAND IS UNDER CULTIVATION, AND A GRADED ROAD RUNS NORTH OUT OF BISoN TO

'WHITE BUTTE.
STRAT IGRAPHY

EXPOSED ROCKS IN THE QUADRANGLE RANGE IN AGE FROM UPPER CRETACEOUS TO
RECENT., THE UPPER HeLL Creex (UpPeER CRETACEOUS AGE) AND LUDLOW FORMATION
(PALEOCENE AGE) FORM THE BEDROCK OF MOST OF THE QJ ADRANGLE. AREAS OF LIMITED
EXTENT ARE UNDERLAIN BY THE CANNONBALL FORMATION, MARINE EQUIVALENT OF THE UPPER
LupLOW, AND THE CHADRON FORMATION (OLIGOCENE AGE). PLEISTOCENE GRAVELS AND
PLE1STOCENE=RECENT ALLUVIUM AND LOESS ARE FOUND IN THE RIVER VALLEYS.

PPER HELL CREEK, HELL CREEK FORMATION
(BrRowN 1907). OnLY THE TOP 40-60 FEET OF THE
UpPER HELL CTREEK 1S EXPOSED IN THE RIVER VALLEYS

OF THE QUADRANGLE. |T CONSISTS OF BENTONITIC
SHALES, CLAYS, SILTS AND SANDS EXHIBITING DULL
SHADES OF GRAY, BROWN, AND BUFF. LOCALLY THE
SANDS HAVE BECOME C EMENTED INTO RESISTANT,
ROUGHLY LENTICULAR MASSES WHICH PROJECT FROM
MANY STEEP EXPOSURES. TCONCRETIONS OF LIMONITE

- C LN, BLACK,
CARBONACEOQOUS SHALES AKE FOUND IN MOST OUTCROPS,
APPROXIMATELY 40 FEET BELOW THE TOP OF THE HELL
CREEK A HORIZON MARKED BY ONE OR MORE COAL BEDS
OUTCROPS SPORADICALLY IN THE VALLEY OF THE
SoUTH FORK OF GRAND.

LuprLow FormaTioN (LLoyp anp Hares 1915).
VWHEREVER POSSIBLE THE CONTACT BETWEEN THE HELL
CREEK AND THE OVERLYING LUDLOW FORMATION WAS
PLACED AT THE BASE OF A COAL FACIES WHICH LIES
IMMEDIATELY ABOVE THE '"'SOMBER' COLORED BENTON-
ITIC SEDIMENTS OF THE HELL CREEK AND BELOW THE
YELLOW TO BUFF LUDLOW SANDS AND SILTS. 'WHERE
THIS COAL FACIES IS ABSENT OR COVERED, THE CON=-
TACT WAS EXTENDED ON THE BASIS OF TOPOGRAPHY OR
- THE COLOR CHANGE NOTED AT THIS HORIZON.

« THE ENTIRE LUDLOW FORMATION IS EXPOSED IN
" THE QUADRANGLE AND IT ATTAINS A MAXIMUM THICK=
NESS OF ABoOUT 330 FEET.

THE SHADEHILL FACIES AT THE BASE OF THE
LUDLOW CONTAINS UP TO SEVEN COAL BEDS ASSOCIAT-
ED WITH PEAT CLAY, "BLACKJACK", CLAY, AND SAND.
THE MAXIMUM THICKNESS OF AN INDIVIDUAL COAL
SEAM 1S SOMEWHAT MORE THAN FOUR FEET AT THE
SEIDELL MINE IN SEc. 23, T.I9N., R.I4E. THE
FACIES VARIES CONSIDERABLY IN THICKNESS WITH A
MAXIMUM OF ABOUT 47% FEET IN THE QUADRANGLE.

BETWEEN THE SHADEHILL AND HILLEN COAL
FACIES 1S ABOUT 95 FEET OF BUFF SAND AND CLAYEY
SAND, LOCALLY THE LOWER PART OF THE HORIZON
CONTAINS LARGE CALCAREOUS CEMENTATIONS WHICH
FREQUENTLY ASSUME LOG-LIKE AND GROTESQUE SHAPES,

THE HILLEN FACIES HAS A MAXIMUM THICKNESS
OF ABOUT 25 FEET, AND WHERE TYPICALLY DEVELOPED
INCLUDES FOUR COALS. |T APPEARS TO BE WELL DE=-
VELOPED IN THE SOUTHERN PART ofF T.I9N., R.I4E,,
WHERE 1T WAS FORMERLY MINED TO SOME EXTENT, BUT
GOOD EXPOSURES ARE VIRTUALLY NON=-EXISTANT AT
THE PRESENT TIME. THIS FACIES EXTENDS WESTWARD
INTO THE SOUTHERN PART OF T.I9N.,, R.I13E., AND
THINS CONSIDSZRABLY TO THE EAST WHERE IT IS RE-
PRESENTED BY A FEW SCATTERED EXPOSURES IN T.I9N.
R 15E;

OVERLYING THE HILLEN FACIES 1S uP 1O 70
FEET OF WHITE TO BUFF, MICACEOUS SAND WITH A
RELATIVELY THICK, CALCAREOUS SANDSTONE AT THE
ToP. LIMONITE STAIN IS PRONOUNCED AT PLACES,
AND SWALL, ROUND LIMONITE CONCRETIONS WITH A
NEUCLEUS OF LOOSE SAND ARE COMMON. GYPSUM
CRYSTALS ARE ABUNDANT AND QUITE LARGE IN SOME
OUTCROPS.,.

THE TOP COAL HORIZON, THE BISON FACIES,

IS THIN AND POORLY DEVELOPED IN THIS AREA. IT
WAS FOUND EXPOSED ONLY ALONG THE ROAD NORTH OF
BISON WHERE IT IS LESS THAN THREE FEET THICK
AND INCLUDES A SINGLE, THIN COAL. THIS FACIES
MAY BE OF VERY LOCAL EXTENT.
THE UPPER PART OF THE LUDLOW CONSISTS OF
115 FEET OF SAND, ARGILLACEOUS SAND, AND

GENERAL|IZED COLUMNAR SECTION
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BUFF, VERY FINE-GRAINED SAND AND ARGILLACEOUS SAND PREDOMINATE. IN THE
INTO THIN-BEDDED, SLABBY, LEDGE-FORMING, CAL-
CROSS~BEDDING AND RIPPLE MARKS ARE COMMON LOCALLY. CALCAREOUS
AND GYPSUM CRYSTALS OCCUR THROUGHOUT.

CannonBALL FormaTion (LLoyp 1914). THE CANNONBALL FORMATION CAPS THE FLAT-
TOPPED RIDGE WHICH EXTENDS FROM THE WEST INTO T.20N., R.I13E. AT THE TOP OF THE
FORMATION 1S A RESISTANT, CALCAREOUS, SUBGRAYWACKE SANDSTONE WHICH CONTAINS WOOD
FRAGMENTS AND SMALL MARINE MOLLUSKS, THE CANNONBALL INTERFINGERS WITH THE UPPER
LuDLOW IN THIS REGION AND THE CONTACT 1S VERY ARBITRARY. |T PROBABLY ATTAINS A
THICKNESS OF 50 10 75 FEET.

CLAY .
UPPER PART THE SANDS ARE CEMENTED

CAREQUS SANDSTONE,.
CEMENTATIONS, LIMONITE CONCRETIONS,

IN THE NORTHEASTERN QUARTER OF THE QUADRANGLE ARE SOME THIN GLAUCONITIC
SANDS AND HARD, CALCAREOUS SANDSTONES WITH INCLUDED LIGNITE AND WOOD FRAGMENTS.
THESE SEDIMENTS ARE PROBABLY OF MARINE ORIGIN BUT LACK THE DIAGNOSTIC CANNONBALL
FOSSILS. THEY ARE SHOWN ON THE MAP AS LUDLOW-CANNONBALL.

CHADRON FormATION (DARTON 1899). THE CHADRON FORMATION IS FOUND IN SCATTER=-
ED DEPOSITS PROJECTING ABOVE THE SURFACE OF THE "Bic MEADOW'" WHERE 1T RESTS UN-
CONFORMABLY ON THE LunLow. THE MOST CONSPICUOUS EXPOSURES ARE ON FLAT=-TOPPED
BUTTES CAPPED WITH A THIN, SLABBY, VERY LIGHT GRAY TO WHITE LIMESTONE. THE MA=-
JOR PORTION OF THE FORMATION CONSISTS OF LIGHT GREENISH GRAY AND VARICOLORED,
HIGHLY BENTONITIC CLAY. AT OR NEAR THE BASE IS A COARSE QUARTZ SAND IN A BENTON-
ITIC CLAY MATRIX, WITH SCATTERED ROUNDED AND POLISHED COBBLES AND PEBBLES OF
CHERT, QUARTZ, AND IGNEOUS ROCK FRAGMENTS., THE RESIDUAL GRAVELS WHICH REACH A
MAXIMUM THICKNESS OF NEARLY |0 FEET, AND OCCUPY LIMITED AREAS IN T.I38N., R.I4E.,
ARE COMPOSED OF THESE COBBLES AND PEBBLES. THE _HADRON ATTAINS A MAXIMUM THICK-
NESS IN THE AREA OF ABOUT 57 FEET.

TERRACE GRAVELS: NEAR THE NORTHEASTERN CORNER OF THE QU ADRANGLE ARE A FEW
SMALL HUMMOCKS CAPPED WITH A THIN VENEER OF GRAVEL., THESE GRAVELS THICKEN IN THE
OUADRANGLE TO THE NORTH.

TERRACE DEP0SITS: THERE ARE THREE TERRACE LEVELS BORDERING THE VALLEY OF THE
SOUTH MoRK OF GRAND, AND SCATTERED TERRACES OCCUR ALONG LODGEPOLE TREEK. THESE
HAVE A COVER OF SILT WHICH 1S IN EXCESS OF FIVE FEET IN MOST INSTANCES. BENEATH
THE SILT LIES A VARIABLE THICKNESS OF POORLY SORTED, CLAYEY GRAVEL. THE GRAVELS
ARE NEARLY FIVE FEET THICK ON SOME TERRACES,

STRUSTURE

THE AREA LIES ON THE WEST FLANK OF THE DAKOTA (WiLLISTON) BASIN, AND THE
STRATA EXPOSED SHOW A GENTLE NORTHEAST DIP OF |5 TOo 25 FEET PER MILE. DEPOSI=
TIONAL IRREGULARITIES AND SLUMPING IN THE EXPOSED SEDIMENTS MAKES IT DIFFICULT OR
IMPOSSIBLE TO DETECT FROM SURFACE FEATURES ANY SMALL FOLDS OR FAULTS SUPERIMPOSED
ON THIS REGIONAL STRUCTURE.

ECONOMICS

NO MINERAL PRODUCTS ARE BEING EXPLOITED ON A COMMFERCIAL SCALE IN THE QUAD-
RANGLE AT THE PRESENT TIME. HOWEVER, COAL 1S MINED AT THE SeEIpeLL MINE IN SEc.23,
T.I19N., R.I4E., FOR THE OPERATOR'S PrRSONAL USE, AND SEVERAL MINES WERE OPERATED
ON A COMMERCIAL BASIS UNTIL THE LATE THIRTIES. TwO SMALL GRAVEL PITS WERE OPENED
ON A TERRACE IN Sec. 12, T.I9N., R.I3E., AnND Sec. 7, T.19N., R.I4E. THESE ARE
NOT BEING OPERATED AT THE PRESENT TIME BUT COULD BE PUT TO FURTHER USE.,

COAL

IN THE LUDLOW FORMATION IN THIS AREA, AND A COAL
HORI1ZON IN THE UPPER HELL JREEK 1S EXPOSED AT TWO PLACES ALONG THE SOUTH FORK OF
GRAND RIVER. THE 31SON FACIES OF THE LUDLOW 1S OF LIMITED EXTENT AND DOES NOT
CONTAIN POTENTIALLY COMMERCIAL COAL. THE UPPER HELL ZREEK COAL IS IN EXCESS OF
TWO FEET IN THICKNESS, BUT 1S APPARENTLY LENTICULAR AND LIMITED IN EXTENT SO IT
IS NOT CONSIDERED TO BE OF POTENTIAL COMMERCIAL VALUE.

THE HILLEN FACIES CONTAINS POTENTIALLY COMMERCIAL COAL IN SEcS. 30 AND 31,
T.I9N., R.14E., AND IN Secs, 25 AND 26, T.19N., R.I3E. A PERSISTANT GCOAL SEAM
HAS A MAXIMUM THICKNESS OF 39 INCHES IN THIS AREA. IMORE THAN ONE COAL IS PRESENT
AT SCME LOCALITIES, BUT THE ABOVE MENTIONED BED 1S THE ONLY ONE WITH COMMERC AL
POSSIBILITIES,

THE COAL 1S BANDED, BLACK, VERTICALLY JOINTED AND HORIZONTALLY LAiiINATED. THE
CHEMICAL CHARACTER OF THE HILLEN COAL FROM AN ABANDONED MINE IN Sec. 31, T.I9N.,
R«14E., 1S SHOWN BY THE PROXIMATE ANALYSIS IN TABLE |.

THE HILLEN FACIES CONTAINS MEASURED POTENTIALLY COMMERCIAL COAL RESERVES
(WITHIN 0.5 MILE OF OUTCROPS) ESTIMATED TO BE 267,750 TONS. THIS IS BASED ON OUT-
CROP AND DRILL HOLE DATA, AND COMPUTED ON THE BASIS OF A MINIMUM THICKNESS OF 2%
FEET, SPECIFIC GRAVITY OF |.25, AND |,700 TONS TO THE ACRE FOOT.

THE OVERBURDEN IS IN EXCESS OF 35 FEET AND MIGHT PROVE DETRIMENTAL TO COM=
MERCIAL DEVELOPMENT OF THE HILLEN COALS. |T CONSISTS LARGELY OF EASILY REMOVABLE
CLAYEY SAND, BUT IN PLACES MUCH HARD, CALCAREOUS SANDSTONE WHICH WOULD HAVE TO BE

THERE ARE THREE COAL FACIES

BROKEN UP PRIOR TO REMOVAL IS PRESENT.
TABLE |
FIXeED
SAMPLE I01STURE VoL ./MATTER| CARBON AsSH | SULPHUR BeTuUa | JRY B.T.U,
HiLLEN 42,067 45, 77% --=~= 14,3871 1.34% 13,844 6,634%
SHADEHILL 31.09% 32.49% 30.75%1 5.67%1 0.41% [ 7.379 11,434
TABLE 2
Hit1 en Coar
LOCATION \WE. TOAL THICKNESS TONS
SECS. 25,26, T.ION.,, R.I3E. 2o 38,250
SEC. 30, T.ION., R.I4E. P i 93, 500
Bec. 31, T.T0N. . R.T4CF, 7.5 136,000
BisoN CoAL
Secs. 23,2%, T.I9N,, R, |4E, 3! 112,200
Sec, |, T.20N., R.T4E.,5€ec.b, T.20N., R.I5E, 2" 701,250

THE SHADEHILL COAL FACIES IS THE MOST PERSISTANT IN THIS AREA, BUT IS CON-
SIDERED TO BE OF POTENTIAL COMMERCIAL VALUE AT ONLY TWO PLACES. IN Sec. |, T.20N.,
R.14E., anp Sec. 6, T.20N,, R.I5E., WHERE THE COAL HAS A MAXIMUM THICKNESS OF 40
INCHES; AND IN THE VICINITY OF THE SEIDELL MINE WHERE THE COAL IS MORE THAN FOUR
FEET THICK. OUTZROPS AND DRILL HOLE DATA INDICATE THE COAL THINS RAPIDLY FROM THE
ABOVE MINE, SO THE AREA OF POTENTIAL COMMERCIAL POSSIBILITIES IS RESTRICTED TO THE
VICINITY OF THE PRESENT MINE IN Secs. 23 AnD 24, T.I9N., R.I4E.

THE SHADEHILL COALS ARE HARD, BLACK, HORIZONTALLY LAMINATED AND VERTICALLY
JOINTED, THE CHEMICAL CHARACTERISTICS OF THE COAL AT THE SEIDELL MINE ARE SHOWN
IN TABLE |. THE B.T.U. OUTPUT SHOWS THAT THIS COAL COMPARES FAVORABLY WITH THAT
NOW MINED COMMERCIALLY IN THE |SABEL~FIRESTEEL AREA.

THE SHADEHILL CONTAINS ESTIMATED COMMERCIAL RESERVES OF 813,450 TONS OF COAL.
THIS REPRESENTS MEASURED RESERVES (WITHIN 0.5 MILE OF OUTCROPS), AND WAS MADE ON
THE SAME BASIS AS THE ESTIMATION OF HILLEN RESERVES.

THE OVERBURDEN AT THE TWO LOGALITIES CITED ABOVE IS THIN AND OF SUCH A NATURE
THAT IT IS EASILY REMOVED BY EARTH MOVING EQUIPMENT., STrRIP MINING WOULD BE RELA-
TIVELY CHEAP AT EOTH PLACES.

GRAVEL

THE TERRACE DEPOSITS CONTAIN GRAVEL WHICH 1S SUITABLE FOR ROAD METAL AND HAS
BEEN USED FOR THAT PURPOSE TO A VERY LIMITED EXTENT. PROPER WASHING AND SCREEN=-
ING SHOULD ALSO PROVIDE MATERIAL SATISFACTORY FOR CONCRETE AGGREGATE. TABLE 3
SHOWS ESTIMATED CUBIC YARDAGES FOR A FEW OF THE EASILY ACCESSIBLE TERRACES. THESE
CONTAIN A TOTAL OF 3,342,326 CUBIC YARDS.

TABLE 3
LoCATION ACRES AVE. THICKNESS Cusic YARDS
SECS. 12,13, T.I9N,, R.I3E. 202 3" 977,680
Secs, 1,12, T.I9N., R.I3E, 62 41 400, 106
Secs. 2,11, T.I9N., R.I3E. 301 3N 1,456,840
Sec, 7, T.I9N,, R.I4E. 63 57 508, 200
CLAY

THe UpPErR HELL CREEK CONTAINS HIGHLY BENTONITIC CLAYS WHICH MAKE EXCELLENT
MATERIAL FOR THE CONSTRUCTION OF STOCK DAMS,

* UNABLE TO GET COMPLETE COMBUSTION AND FIGURE GIVEN FOR B.T.U. 1S THEREFORE
ONLY AN ESTIMATE,



