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Upper Hell Creek

(“Somber beds" of lenticular
bentonitic clays, silts (part
loess), sands, peat-clays,
and few clay-peats. Several
“blackjock”, a black corbono-
ceous clay, beds in upper
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Isabel-Firesteel
Coal Member

Block subbituminous C coal
01.5' thick, some lgnite,
often corries "blackjack” as
partings in cool or super-
and/or subjacent posttions.
Three brown clay-peat beds
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Lower Hell Creek
(Medium to dork gray lentic-
ulor bentonitic clays, silts
(port loess), sonds, thin
peat-clay beds. Some block
Mn-Fe concretions. Few
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Triceratops (7)) bones. About
40'-80" thick)
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Colgate Sandstone
Member

(“Pepper-and-sait” high-ronk
groywacke sandstone, calcar-
eous cement, cross-lominated,
weathers brown, “spheroidai -
concretionary” shaped. 4'-I5'
thick.)
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GENERALIZED COLUMNAR SECTION

AREAL GEOLOGY OF THE BLACK HORSE BUTTE QUADRANGLE

By

Robert E. Curtiss

LOCATION

THE QUADRANGLE 1S LOCATED IN WESTERN CORSON COUNTY. |IT IS SITUATED |2 MILES
SOUTHEAST OF LEMMON, ABOUT 108 MILES NORTHWEST OF PIERRE, AND 122 MILES NORTHEAST
ofF RAPID CITY BETWEEN PARALLELS 45930' AND 45945' NORTH LATITUDE AND MERIDIANS
101945' anp 102°00' WEST LONGITUDE AND CONSTITUTES AN AREA OF APPROXIMATELY 210

SQUARE MILES.
TOPOGRAPHY AND DRAINAGE

THE GRAND RIVER VALLEY IS A DISTINCTIVE TOPOGRAPHIC FEATURE. THE GRAND
RIVER MEANDERS ACROSS THE NORTHERN PART OF THE AREA FROM WEST TO EAST. THE VAL-
LEY, WHICH VARIES IN WIDTH FROM ONE-HALF TO A LITTLE OVER ONE AND THREE-FOURTHS
MILES, 1S IN THE PHYSIOGRAPHIC STAGE OF MIDDLE MATURITY. OXBOW LAKES AND SLOUGHS,
MEANDER SCARS, AND SLIP-OFF SLOPES ARE EVIDENT. ALLUVIAL TERRACES ARE SITUATED
INSIDE OF MEANDERS THAT OCCUPY THE VALLEY WIDTH. MEANDER BENDS ARE ACTIVELY EN-

GAGED IN LATERAL PLANATION, ERODING 50 TO |50-FOOT SHARP, PRECIPITOUS VALLEYWALLS.
BLack HORSE BUTTE CONSPICUOUSLY TOWERS ABOVE

THE FAIRLY SMOOTH GRAND River-BLAck Horse ButTe CREEK
INTERSTREAM DIVIDE TO THE SOUTH AND THE PICTURESQUE,
INTRICATELY DISSECTED HeELL CREEK BADLANDS TO THE
NORTH.

SURFACE RUNOFF 1S CONTROLLED BY THE GRAND RIVER,
THE MASTER STREAM, WHICH IS AFFLUENT IN WET YEARS.
BLack Horse BuTTeE CREEK, THE GRAND'S PRINCIPAL TRIB-
UTARY, TRAVERSES THE AREA WEST TO EAST, AND AT THE
EASTERN EDGE OF THE QUADRANGLE THE CREEK SWINGS
SHARPLY NORTH TO ENTER THE GRAND RIVER. THE DRAIN-
AGE PATTERN 1S DENDRITIC., A FEW SPRINGS ARE ASSO-
CIATED WITH COAL OUTCROPS.

EXTENSIVE GRAVEL TERRACES FORM BROAD FLATS ON
THE NORTH SIDE OF THE GRAND RIVER. SMALLER ONES
FLANK BOTH S1DES OF BrLAck Horse BuTTe CREEK.

THE MAXIMUM ALTITUDE IN THE QUADRANGLE IS
ABOUT 2,624 FEET ABOVE SEA LEVEL ON LuDLOW SANDSTONE
ON ToP OF BLACk Horse ButTte IN SEF Sec. 10, T.I3N,
R.IBE. THE MINIMUM ALTITUDE IS APPROXIMATELY 2,020
FEET ABOVE SEA LEVEL ON THE COLGATE SANDSTOME IN
THE CHANNEL OF THE GRAND RIVER IN THE SWi Sec. 26,
T.20N., R.I9E. THE RELIEF IS ABOUT 604 FEET, AND
THE AVERAGE ALTITUDE 1S AROUND 2,322 FEET ABOVE SEA
LEVEL.
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STRAT IGRAPHY

THE EXPOSED STRATIGRAPHIC SEQUENCE, RANGING
GEOCHRONOLOG | CALLY FROM UPPER CRETACEOUS TO RECENT,
IS DOMINATED BY THE COMPLETELY-EXPOSED HELL CREEK
FORMATION (UPPER CRETACEOUS AGE). THE FOX HILLS-
HELL CReek AND HeLL CREEK-LUDLOW CONTACTS ARE CON-
FORMABLE AND GENERALLY EXHIBIT CONTINUOUS DEPOSITION,
EXCEPTING MINOR DIASTEMS AND CONTEMPORANEOUS EROSION
AND DEPOSITION. TERTIARY RESIDUUM, REPRESENTED BY
ORTHOQUARTZITE COBBLES AND BOULDERS AND SILICIFIED
WOOD FROM THE TONGUE RIVER FORMATION (PALEOCENE AGE).
PLEISTOCENE GRAVELS, PLEISTOCENE-RECENT ALLUVIAL
TERRACES AND LOESS, AND RECENT ALLUVIUM COMPLETE THE
OUTCROPPING SEDIMENTATIONAL UNITS IN THE QUADRANGLE.

CoLGATE SANDSTONE MEMBER (CALVERT 1912), Fox
HiLLs FORMATION (Meek AND HAYDEN 1861). THIS UNIT
VARIES IN THICKNESS FROM FIVE TO |5 FEET. THIS
HIGH-RANK GRAYWACKE SANDSTONE MAY CONTAIN SILICA AND
CALCAREOUS CEMENT, "PEPPER-AND-SALT'" COLOR, SHALY TO
FLAGGY BEDDING, CROSS=BEDDING, WEATHERED BROWN L IMON=-
ITE STAIN, AND A BUMPY, PAUKY SURFACE DUE TO DIFFER-
ENTIAL SOLUTION REMOVAL OF CALCAREOUS CEMENT. No
INVERTEBRATE FOSSILS WERE NOTED.

Lower Herr CReEek, HeLL CREEK FORMATION (BROwN
1907). THIS UNIT, WHICH RANGES IN THICKNESS FROM
ABOUT 40-80 FEET, 1S CHARACTERIZED BY ADMIXTURES,
INTERGRADES, AND LENSES OF MEDIUM TO DARK GRAY UNC-
TUOUS BENTONITIC CLAYS, SILTS (PART LOESS), SANDS,
LIME CEMENTED SILTSTONES, FINE=GRAINED, LIME CEMENTED
SANDSTONES, CHANNEL-FLOODPLAIN DEPOSITS OF HETERO-
GENEOUS SI1ZES, THIN PEAT-CLAY (FLORASTROME) BEDS
FREQUENTLY CONTAINING SMALL PARTICLES OF FUSAIN AND/
OR VITRAIN COAL AND FOSSIL RESIN PELLETS. MINOR
QUANTITIES OF PURPLE=-BLACK MANGANESE-IRON CONCRETIONS,
YELLOW MELANTERITE NODULES, DISCONTINUOUS OSTREA
BIOSTROMES, AND ISOLATED UNARTICULATED DINOSAUR

| (TrAacHoDON OR TRICERATOPS (?)) BONES ARE PRESENT.

IsABEL-FIRESTEEL coaL MeMBER (CurTiss 1952),
HELL CREEK FORMATION. THIS MEMBER, APPROXIMATING

20-FEET IN THICKNESS, CONTAINS SEVERAL VARIOUS,

N INTERRELATED, INTERBEDDED LITHOLOGIES, LIGNITIC
COALS VARY IN THICKNESS FROM ZERO TO ONE AND ONE-
HALF FEET AND MAY CONTAIN "BLACKJACK'" OR BONE COAL,

A TOUGH BLACK CARBONACEOUS CLAY, AND PEAT-CLAY AS
PARTINGS, IN THE COAL, OR IN SUPER- AND/OR SUB-
JACENT POSITIONS, AND OCCASIONAL PYRITE, MARCASITE
NODULES, AND FOSSIL RESIN PELLETS. SMALL QUANTITIES
OF PSEUDOSCORIA, BUFF TO BRICK RED CLINKERED CLAY-
STONE, REPRESENTS BURNED PEAT-CLAY OVERLAYING BURNED
COAL BEDS. THE COAL BEDS RETAIN NO LATERAL HOMOGE-
NEITY BUT MAY BE PARTLY OR WHOLLY REPLACED BY ''BLACK-
JACK'" AND/OR PEAT=CLAY. SPLITS FORM THREE COAL BEDS
IN THE NORTHEAST PART OF THE QUADRANGLE.

UpperR HerLL CREek, HELL CREEK FORMATION. ABOUT
340-360 FEET OF THIS UNIT ARE EXPOSED BETWEEN BLACK
HorSE BUTTE AND THE GRAND RIVER. LITHOLOGICALLY,
THIS UNIT, SOMETIMES TERMED '"'SOMBER BEDS', 1S ALMOST
IDENTICAL TO THE LOWER HeLL CREexk. HOWEVER, PEAT-
CLAY BEDS ARE FEWER AND THINNER, AND MORE ''‘BLACKJACK"
BEDS APPEAR. ONE LOCAL COAL, ABOUT TWO-FEET THICK,
WAS ENCOUNTERED BY DRILLING, THESE STRATA ARE EX-
CEPTIONALLY SUSCEPTIBLE TO EROSION, AND RATHER EX-
TENSIVE BADLANDS EXIST SOUTH OF THE GRAND RIVER.
LARGER QUANTITIES OF SURFICIAL MANGANESE-IRON CON-
CRETIONS OCCUR, BUT THEIR DISTRIBUTION 1S PATCHY.
SOME CONE=-IN-CONE STRUCTURES ARE PRESENT. ODIFFER-
ENTIAL WEATHERING IN BADLANDS AREAS REDUCE CALCAREOUS
CEMENTED SANDSTONE LEDGES AND LIMONITIC CONCRETIONARY
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LAYERS TO DISCONTINUOUS, DETACHED PIECES THAT CAP PEDESTALS. NEATHERED BARREN

SLOPES, CONSISTING LARGELY OF BENTONITIC CLAYS, EXHIBIT "POPCORN'" SURFACES, TYP-
ICAL OF THE PIERRE FORMATION ALONG THE MISSOURI RIVER. SEVERAL BUTTES ARE CAPPED
WITH HIGH-RANK GRAYWACKE SANDSTONES.

LuprLow ForMATION (LLoyp AND HAReS 1915). THIS FORMATION VARIES BETWEEN 100-
I50 FEET IN THICKNESS. MUCH OF THE FORMATION IS GRASSED OVFR, BUT SCATTERED EX-
POSURES REVEAL A HETEROGENEOUS LUDLOW COMPOSED OF INTERBEDDED, LENTICULAR ADMIX~-
TURES OF MEDIUM GRAY TO ROSE, SLIGHTLY BENTONITIC CLAYS, LIGHT GRAY TO BUFF-
YELLOW SILTS AND SANDS, AND SOFTLY INDURATED CALCAREOUS~CEMENTED SILTSTONES AND
SANDSTONES, AND ORANGE-BROWN LIMONITIC CONCRETIONARY LAYERS. THE SANDSTONES ARE
USUALLY BUFF-YELLOW OR LIGHT GRAY, ''PEPPER-AND-SALT', MEDIUM= TO FINE=-GRAINED
GRAYWACKES THAT WEATHER A LIMONITE-STAINED BROWN, THIN, INTERCALATED BROWN CLAYS
AND PEAT=CLAYS OCCUR NEAR THE BASE. [IHE BASAL SHADEHILL COAL FACIES WAS NOT

IDENTIFIED.
STRUCTURE

THE QUADRANGLE 1S LOCATED ON THE EAST FLANK OF THE DAKOTA (WiLLISTON) BASIN,
THE REGIONAL DIP 1S NORTHWEST ABOUT |0-20 FEET PER MILE. THE EAST FLANK IS NOT
STRUCTURELESS. |T DISPLAYS FAULTS OF SMALL MAGNITUDE (HEAVE AND THROW), UBIQUI-
TOUS SLUMPING THAT IS INHERENT IN BENTONITIC CLAYS OF THE HeELL CREEK FORMATION,
AND POSSIBLY GENTLE FLEXURES. ONE REVERSED DIP OF ABouT 5910', sTtrikine S 70° E,
EXISTS IN Sec. 28, T.20N., R.I8E. AN "ANTICLINAL" ARCHING AND NUMEROUS SLUMP
FAULTS APPEAR IN THE WEST FACE OF AN UPPER HeELL CREEk SCARP (189 FEET EXPOSED)
IN Sec. 36, T.20N., R.IBE.

THE PROBLEM OF DETERMINING SURFACE STRUCTURE
DEPOS|ITIONAL IRREGULARITIES SUCH AS LARGE=-SCALE LENTICULARITY,
AND THE ABSENCE OF A CONSISTENT MAPPABLE ''KEY" BED.

ECONOMIC GEOLOGY

THE QUADRANGLE DISPLAYS A NUMBER OF MINERAL RESOURCES OF CURRENT AND POTEN-
TIAL VALUES. NONE OF THE RESOURCES IS CURRENTLY=-EXPLOITED ON A LARGE SCALE. SMALL
QUANTITIES OF COAL WERE MINED BY RANCHERS DURING THE "DEPRESSION', BUT MINING IS
NONEXISTENT TODAY. OSMALL AMOUNTS OF GRAVEL ARE QUARRIED PERIODICALLY, WHILE COAL
BY-PRODUCTS AND BENTONITIC CLAYS MAY CONTRIBUTE TO THE AREA'S FUTURE ECONOMY.
SURFICIAL DEPOSITS OF MANGANESE-IRON CONCRETIONS, CONTAINING ABOUT 51% METALLIC
IRON, ARE LIMITED IN AREA. OIL MAY EXIST IN THE SUBSURFACE ROCKS.

COAL

AREAL EXTENT. THE APPROXIMATE BOUNDARY OF THE |SABEL-FIRESTEEL COAL BED IS
SHOWN ON THE MAP. THE BOUNDARY WAS DETERMINED BY NATURAL EXPOSURES, PROSPECT
PITS,) AND 14 STATE GEOLOGICAL SURVEY COAL-TEST HOLES.

THICKNESS. THE ISABEL-FIRESTEEL COAL RANGES IN THICKNESS FROM ZERO TO ONE
AND ONE=-HALF FEET.

PHYSICAL CHARACTER. THE COAL IS GENERALLY BROWNISH BLACK (5YR2/1) IN COLOR
AND STREAK, HARD, BANDED, BLOCKY, SMOOTH SURFACED, CONTAINING VARYING AMOUNTS OF
BROWN LIMONITE STAIN ALONG BEDDING AND JOINTS WITH OCCASIONAL AMBER-COLORED RESIN
PELLETS, AND MINOR QUANTITIES OF GYPSUM, PYRITE, AND MARCASITE. THE COAL SLACKS
MODERATELY UPON DRYING AND IS NONCOKING. THE SPECIFIC GRAVITY AVERAGES ABOUT |.2.

SPLITS DIVIDE THE COAL INTO THREE BEDS, TWO OF WHICH ARE COAL AND THE OTHER
PEAT-CLAY, IN SEC. 2, T.I9N., R.I9E. THESE SPLITS, COMPOSED LARGELY OF LIGHT TO
MEDIUM GRAY SILTY BENTONITIC CLAY WITH SMALL FRAGMENTS OF PLANT DEBRIS, VARY FROM
SIX TO |2 FEET IN THICKNESS,

CHEMICAL CHARACTER. OCHEMICAL ANALYSES PROVIDE A SATISFACTORY BASIS FOR COM-
PARING THIS COAL WITH OTHER COALS AND DETERMINING THE RANK AND GRADE OF COAL AND
ITS COMMERCIAL QUALITIES., THE PROXIMATE ANALYSIS FURNISHES NECESSARY DATA CON-
CERNING THE QUALITY AND COMBUSTION PROPERTIES OF THE COAL (MOISTURE, VOLATILE OR
GASEOUS MATTER, FIXED CARBON OR THE PRINCIPAL HEAT-PRODUCING CONSTITUENT, ASH,
AND SULPHUR).

COAL SAMPLES FROM OUTCROPS, (SAMPLE NUMBER |) |3-INCHES THICK, SeEc. 14, T.I9N,
R.ISE., AND(SAMPLE NUMBER 2) 7-INCHES THICK, Sec. 34, T.20N., R.I9E., WeRE

IS COMPLICATED BY SLUMPING AND
CROSS-LAMINATIONS,

ANALYZED AS RECEIVED, MEANING THE SAMPLES REPRESENT THE COAL AS MINED. PROXIMATE
ANALYSES SHOW THE FOLLOWING:
TABLE |
SAMPLE | MOISTURE]VOLAT ILE MATTER]F IXED CARBON | ASH JSULPHUR | B.T.u. ] DRY B.T.u.
| 38.53% 29.68Y% 24.50% | 7.29%| 0.45%]6,298 | 10,246
2 25.67% 33.69% 18.19% [21.73%] _0.40%15,219 7,021

THE SULPHUR CONTENT IS SMALL, AND THE COAL ASHES ARE LIGHT, CONTAINING BUT A
SMALL AMOUNT OF CL INKERS,

ECONOMICALLY, AN AIR-DRIED COAL, PRIOR TO COMMERCIAL OR DOMESTIC CONSUMPTION,
WILL INCREASE THE HEATING VALUE (See DRy B.T.u. In TABLE I).

CHARACTER OF OVERBURDEN. LITHOLOGICALLY, THE OVERBURDEN DOES NOT PRESENT
ANY PROBLEM TO STRIPPING OPERATIONS. THE UPPER HeLL CREEK 1S EASILY REMOVED BY
EARTH-MOV ING EQUIPMENT IN OTHER QUADRANGLES.

ESTIMATED COAL RESERVES. THE MAXIMUM THICKNESS OF COAL MEASURED IN |8 INCHES.
THIS COAL 1S COVERED BY 4|¥ FEET OF OVERBURDEN. THE OVERBURDEN=-COAL THICKNESS
RATIO 1S ABOUT 27:l. THIS RATIO IS EXCESSIVE FOR STRIP MINING BY PRESENT=-DAY
COMMERCIAL STANDARDS. HOWEVER, ABOUT 2,360,000 TONS ARE ESTIMATED ON AN INFERRED
BASIS (COAL RESERVES LOCATED MORE THAN |.5 MILES FROM OUTCROPS, STRIP MINES, OR

DRILL HOLES).
SAND AND GRAVEL

SAND AND GRAVEL OCCUR AS TERRACE DEPOSITS ALONG THE NORTH SIDE OF THE GRAND
RIVER AND BOTH SIDES OF BLACK HORSE BUTTE CREEK. THE MAJOR PORTION OF THE DEPOS-
ITS ALONG THE GRAND RIVER IS COMPOSED OF ORTHOQUARTZITE, ARKOSIC AND SANDSTONE
PEBBLES, LIMONITE, SILICIFIED WOOD, CHALCEDONY, MILKY AND ROCK CRYSTAL QUARTZ,ETC.

THE ESTIMATED VOLUMES OF SAND AND GRAVEL FOR LARGE-SCALE OPERATIONS TOTAL IN
Excess ofF 110,000,000 cueic YARDS. THE LARGER TERRACE ESTIMATES FOLLOW:

TABLE 2

ggCTIONS | TWSI N RG%} E ACRES AVE. THICKNESS | EST. CUBIC YARDS
31,32,33 21 18

3,4,5,10 20 18 2,193 10" 35,380,400
34 21 I8

6,7,8,9,16,17,18 |20 19

L2, 10,010, 12,43 |20 18 4,382 5' 35,348, 133
6 20 18

25,36 21 17 562 15" 13,600,400
14,15,16,21,22,23]20 19 1,061 4! 6,846,937
26,27,35 21 |7 219 18' 6,359, 760
27,34 21 7 |34 15 3,242,800

MORE THAN 30 TERRACES CONTAIN LESSER AMOUNTS.

MANGANESE- | RON

LOCALLY~-ABUNDANT SURFICIAL DEPOSITS OF PURPLE-BLACK COLORED MANGANESE=|RON
CONCRETIONS EXIST SOUTH OF THE GRAND RIVER IN THE UPPER HELL CREEK BADLANDS.
CONCRETIONS, ANALYZED FROM THE GOPHER QUADRANGLE TO THE EAST, CONTAIN ABOUT 51%

METALLIC IRON, ALMOST IDENTICAL WITH SOME OF THE IRON ORE OF THE MESAB| IRON ’
RANGE, MINNESOTA.

CLAY

MANY BENTONITIC CLAYEY HOR1ZONS IN THE HELL CREEK FORMATION CAN BE USED TO
SEAL LEAKING STOCK DAMS, THUS CONSERVING WATER .



