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EXPLANATION
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Alluvium
(Floodplain deposits of silt,
sand ond clay in the major
stream valleys. Local
gravel lenses)
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Terrace Rubble
(Terroce deposits of cloyey
angular sand and gravel.
Material mostly ironstone
ond of local derivation)
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Terrace Deposits
(High terroce deposits of
sand ond grovel choracter-
ized by abundant iron-
stone frogments)
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Ludlow Formation
(Buff to grey fine grained >
cross-bedded subgroywoacke
with interbeds of gray fo
brown clays and silty clay.
Local calcareous cemen-
tations)
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Upper Member
(Light grey to buff, fine to
medium grained subgray-
wacke with orange limonitic
and black ferromangonese
T23IN concretions. Interbeds of
grey fo fon slightly benton-
itic clay and silt)
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Lower Member
(Buff to white cross-bedded,
medium to fine groined, sub-
groywacke sand with orange
limonitic and biock ferro-
manganese concretions;
brown 1o grey clay ond ben-
fonitic clay; brown peat-
clay; and local lenticies
of black, blocky lignite
(0™12"). Knhli-Isabel-Fire-
or- steel focies: brown peot-
clay and cloy with local
thin lignites (0™5")

rf
Colgate Member
(Grey, medium grained, cross-
bedded subgraywacke sand
and siliceous sandstone.
Locally a basal 2ta IO foot
oyster bed is present)

Hell Creek Formation
..
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UPPER CRETACEOUS
A
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Bullhead Member
(Alternating beds of light
grey o buff fine subgray-
wocke sand and dark groy
fissile clays with few scat-
tered molluscon fossils)

Kt

Timber Lake Member
(Buff medium to fine grained,
subgraywacke sand with
oronge brown ferruginous
cementations. Locally abun-
dant molluscan founa domi-

nated by Toncredig)

Fox Hills Formation
A

Trail City Member
(intermixed ond mnterbedded
buft, fine to medium groined
subgraywacke sond and
dark grey fissile cloy with
scattered grey fossiliferous
limestone concretions. Abun-
dant fauna charocterized
by Sphenodiscus ond
Discoscaphites )
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(dashed where approximately located)
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GEOLOGY

OF THE BULLHEAD QUADRANGLE

By

Robert E. Stevenson

| NTRODUCT | ON

THE MAPPING OF THIS QUADRANGLE WAS DONE IN
1956 AS A PART OF THE STATE GEOLOGICAL SURVEY'S
COAL RESOURCES PROGRAM. TWO COAL-TEST HOLES
WERE ALSO DRILLED IN 1956, THE WRITER GREATLY
APPRECIATES THE ASSISTANCE OF R. L. HALE IN THE

GENERALIZED COLUMNAR
SECTION

WITH AN ESTIMATED AVERAGE ELEVATION OF 2100
FEET AND A MAXIMUM RELIEF OF 490 FEET.
TOPOGRAPHICALLY, THE AREA 1S CHARACTERIZED
BY TWO DISTINCT EROSIONAL FEATURES: (E) THE
FIRST 1S A GENTLY ROLLING HIGH=LEVEL (2050-2180
FEET ALTITUDE) EROSION SURFACE. HIGHER AREAS
IN THE NORTHWEST CORNER OF THE QUADRANGLE REPRE-
SENT REMNANTS OF THE OLD INTERSTREAM DIVIDE;
THEY ARE LIKEWLSE THE PRESENT DAY STREAM DIVIDE,
THIS SURFACE HAS A RELIEF OF ABOUT 200 FEET,
(2) THE OTHER TOPOGRAPHY 1S CHARACTERIZED BY
NUMEROUS STEEP-SIDED YOUTHFUL VALLEYS CUTTING
BACK FROM THE INCISED VALLEY OF THE GRAND RIVER
INTO THE OLDER HIGH-LEVEL EROSION SURFACE. IN

LUDLOW FIELD. THE DRILLING WAS DONE BY R. W. MARTIN
FORMATION anp J. G. LARSON.
LOCATION
H THE BULLHEAD QUADRANGLE LIES ALONG THE
E NORTH DAKOTA LINE IN NORTH-CENTRAL CORSON COUNTY.
L THE AREA IS APPROXIMATELY |10 MILES NORTHWEST
u i OF PIERRE AND |60 MILES NORTHEAST OF Rapip CiTY.
P IT LIES IN THE OPEN STANDING RoCcKk INDAIN RESER-
P VAT 10N,
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) R GEOGRAPHY
1{: E THIS QUADRANGLE LIES IN A LIGHTLY POPULATED
. K REGION OF PRAIRIE LANDS NORTH OF THE GRAND RIVER
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COLGATE THIS MOST RECENT EROSION INTERVAL, THE GRAND

MEMBER RIVER AND ITS TRIBUTARIES HAVE CUT THEIR VALLEYS
A MAXIMUM OF 300 FEET BELOW THE HIGH=-LEVEL SUR~-
FACE.

200°E A LARGE MEANDER OF THE GRAND RIVER: IS PRES-

ENT ON THE SOUTHERN EDGE OF THE QUADRANGLE, AND
ALL OTHER MAJOR STREAMS, STiInk, IRON DoG, AND
Rock CREEKS, IN THE QUADRANGLE ARE ITS TRIBU-
TARIES. ALL PERMANENT WATER BODIES ARE ARTIFI=
CIAL RESERVOIRS.

THE CLIMATE IS SEMI-ARID WITH AN AVERAGE
YEARLY RAINFALL OF ABOUT |7% INCHES AND A MEAN
ANNUAL TEMPERATURE OF 43° F, MOST OF THE LAND
1S USED FOR GRAZING STOCK, BUT IN THE NORTHERN
PART OF THE QUADRANGLE, SOME LAND IS UTILIZED
FOR SMALL GRAIN AND FORAGE CROPS.

THE AREA 1S SPARSELY POPULATED (| FAMILY
PER 74 SQUARE MILES). THE VILLAGE OF WALKER
(POPULATION |5¢) AND THE INDIAN VILLAGE OF BuLL-
HEAD (POPULATION 200) ARE THE ONLY TOWNS IN THE
AREA. THE MAINLINE OF THE CHICAGO, MILWAUKEE,
ST. PauL AnD PAcIFiIC RAILROAD AND U. S. HiIGHWAY
|2 TREND EAST-WEST ACROSS THE NORTHERN PART OF
THE QUADRANGLE.
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STRAT IGRAPHY

EXPOSED SEDIMENTS RANGE IN AGE FROM LATE
CRETACEOUS TO RECENT. ABOUT 95 PERCENT OF THE
SURFACE 1S COVERED BY THE CRETACEOUS Fox HiLLs
AND HELL CREEK FORMATIONS. THE REST BY THE
PALEOCENE LUDLOW FORMATION AND PLE|STOCENE GRAV=-
ELS AND ALLUVIUM., SCATTERED OVER THE SURFACE
ARE BOULDERS AND COBBLES REPRESENTING A LAG GRAV-

TIMBER LAKE
MEMBER

CENE WHITE RIVER SEDIMENTS AND THE PLEISTOCENE
GLACIAL TILLS. THE FORMATIONS ARE CONFORMABLE,
THE ONLY DISTINCT UNCONFORMITY BEING BETWEEN THE
PALEOCENE AND PLEISTOCENE DEPOSITS.

MEeEx AND Haypen 1861.

THIS FORMATION WAS ORIGINALLY DESCRIBED
AND NAMED FROM EXPOSURES on Fox RiInGe, aBouT 60
MILES SOUTH OF THIS AREA. THE Fox HILLS HAS BEEN
DIVIDED INTO FOUR MEMBERS ON THE BASIS OF LITHOL-
oGY,

TRALL CiTY MEMBER MORGAN AND PETSCH 1945, OQut-
CROPS OF THIS LOWER MEMBER CAN BE FOUND ALONG
THE GRAND RIVER AND THE LOWER REACHES OF STINK,
IRON DoG, AND Rock CREEKS. THE LOWER 90 FEET
OF THE FORMATION IS A DARK GREY SLIGHTLY BENTON-
ITIC FISSILE CLAY WITH INTERMIXED BUFF FINE- TO
MED IUM=GRAINED SUBGRAYWACKE SAND AND GRADES UP-
WARD INTO 50 FEET OF SAND WITH CLAY INTERLAMINA=
TIONS. |IN THE LOWER PART ARE LOCALLY SCATTERED
FOSSILIFEROUS, GREY LIMESTONE CONCRETIONS. THE
FAUNA IS MOLLUSCAN AND IS CHARACTERIZED BY THE
FOLLOWING GENERA: PTERIA, PROTOCARDIA, CUCULLEA,
+DISCOSCAPHITES, AND SPHENODISCUS.
MEMBER MORGAN AND PETSCH |945,

EXPOSURES OF THE BUFF SANDS OF THIS MEMBER ARE
PRESENT IN THE VALLEYS OF THE LARGER STREAMS IN
THE SOUTHERN HALF OF THE QUADRANGLE. THE MEMBER CONSISTS OF A |4 FOOT BED
OF BUFF MEDIUM= TO FINE=-GRAINED CROSS~LAMINATED SUBGRAYWACKE OR SUBQUARTZOSE
SAND WITH CALCAREOUS AND ORANGE BROWN FERRUGINOUS CEMENTATION; IT THICKENS
TO 35 FEET ON THE EAST EDGE OF THE QUADRANGLE. FOSSILS OCCUR BOTH AS SCAT-
TERED SPECIMANS AND AS NODULAR OR LENTICULAR SUB=COQUINAS. [N THIS REGION
THE TIVBER LAKE HAS A VERY DIAGNOSTIC FAUNA DOMINATED BY THE HEAVY SHELLED
BURROWING PELECYPOD, TANCREDIA AMERICANA, AND CONTAINING

. i . CALLISTA, PTERIA,
BuLLHEAD NEW NAME. THIS MEMBER HAS BEEN CONS|DERED A SEPARATE
STRATIGRAPHIC UNIT SINCE 193] WHEN SEARIGHT REFERRED TO THESE STRATA AS THE
"BANDED BEDS", AND THIS INFORMAL TERMINOLOGY WAS FOLLOWED BY MORGAN AND
PeTscH (1945) anp CurTiss (1953, 1954A, B, C, D). THE WRITER IS HERE NAMING
IT THE BULLHEAD MEMBER FOR THE GOOD EXPOSURES NEAR THE INDIAN VILLAGE OF
THAT NAME, |INCOMPLETE SYNTYPE SECTIONS (STEVENSON 1956) ARE FOUND IN SEC-
Tions |11, 12 aND 23, T2IN., R24E. SCATTERED OUTCROPS OF THIS MEMBER OCCUR
ON THE UPLANDS AND HIGH VALLEY SIDES IN THE SOUTHERN HALF OF THE QUADRANGLE,
BUT MOST OF THE SURFACE IS GRASSED OVER. LITHOLOGICALLY, THE MEMBER CON=
S1STS OF ALTERNATING THIN (| INCH TO |4 INCHES) BEDS OF LIGHT GRAY MED|UM-
TO FINE-GRAINED LOCALLY CROSS~LAMINATED SUBGRAYWACKE SAND AND THIN (| INCH
TO 9 INCHES) BEDS OF DARK GREY FISSILE CLAY. SCATTERED THROUGHOUT THE MEM-
BER AND ALONG SOME BEDDING PLANES ARE ORANGE-BROWN LIMONITIC CONCRETIONS.,
THE BULLHEAD MEMBER HAS A VARIABLE SLIGHTLY GRADATIONAL CONTACT WITH THE
UNDERLYING AND OVERLY ING MEMBERS FROM WHICH IT 1S DISTINGUISHED BY ITS CLAY
STRATA,

THE LOWER 25 FEET OF THE |35 FOOT THICK MEMBER IS CHARACTERIZED BY THE
FAUNA OF THE TIMBER LAKE MEMBER. |IN THE UPPER PART OF THE MEMBER THERE ARE
A FEW SCATTERED LAYERS OF GLABRA.

CALVERT 1912, THE SPARSE OUTCROPS OF THIS MEMBER FORM A

NARROW BAND ZIGZAGGING ACROSS THE CENTRAL PART OF THE QUADRANGLE. |T HAS
BEEN ASSUMED THAT THIS MEMBER IS PRESENT IN GRASS=COVERED AREAS, BUT THIS
MAY NOT BE THE CASE. THE COLGATE MEMBER 15 20 TO 25 FEET OF A LIGHT GREY

PEPPER AND SALT" MEDIUM=GRAINED SUBGRAYWACKE SAND CHARACTERIZED BY CROSS=-
LAMINATION, PEBBLE LAYERS, CLAY STREAKS, CARBONACEOUS STREAKS AND SCATTERED
PLANT FRAGMENTS, LOCALLY IT IS A SILICEOUS SANDSTONE. AT ITS BASE IN THE
CENTRAL PORTION OF THE QUADRANGLE 1S A 2 To |0 FooT oYsTER (QSTREA GLABRA)
BED WITH A FINE CALCARENITE MATRIX,

Brown 1907,

GRASSED OVER OUTCROPS AND THE ABSENCE OF THE |SABEL-FIRESTEEL FACIES
OVER MOST OF THE AREA HAVE MADE THE MAPPED CONTACT BETWEEN THE UPPER AND
LOWER UNIT QUESTIONABLE.

LOWER UNIT. EXPOSED IN THE NORTHERN PART OF THE QUADRANGLE, THIS UNIT IS
CHARACTERIZED BY WHITE SAND BLOWOUTS, FRAGMENTS OF BLACK |RONSTONE CON-
CRETIONS AND PEAT-CLAY BEDS. THE LOWER HELL CREEK UNIT IS VERY HETEROGENOUS
WITH INTERBEDDED AND LENSING BUFF TO WHITE CROSS=LAMINATED MEDIUM=-GRA INED
SUBGRAYWACKE SANDS AND SILTS, GREY CLAYEY SANDS, BROWN TO GRAY CLAY AND
BENTONITIC CLAY, BROWN PEAT=CLAY, LOCAL LENTICLES OF BLACK BLOCKY LIGNITE
(0-12 IncHES THICK), AND LAYERS OF ORANGE TO BLACK LIMONITIC IRONSTONE AND
FERROMANGANESE CONCRETIONS, SCATTERED THROUGHOUT THE 753 FEET OF STRATA

ARE A FEW DINOSAUR BONES,
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THE ISABEL-FIRESTEEL LIGNITE FACIES 1S REPRESENTED HERE BY A DISCON-
TINUOUS BROWN PEAT-CLAY AND GRAY CLAY ZONE (3-6 FEET THICK) WITH FRAGMENTS
OF CARBONIZED WOOD AND LOCAL (0-5 INCHES) SEAMS OF BLACK SILTY LIGNITE,
UPPER UNIT. SPARSE EXPOSURES ARE PRESENT IN THE NORTHERN AND WESTERN THIRDS
OF THE MAPPED AREA. THE UNIT IS PRINCIPALLY LIGHT GREY WHITE OR BUFF FINE
TO MEDIUM SUBGRAYWACKE SANDS. THE SANDS ARE WELL CROSS=LAMINATED AND SHOW
LAYERS OF INTERMITTENT ORANGE=BROWN LIMONITIC AND BLACK FERROMANGANESE CON-
CRETIONS. THERE ARE NUMEROUS INTERBEDS AND LENSES OF DARK GREY TO TAN
SLIGHTLY BENTONITIC CLAY AND SILT CONTAINING SCATTERED PLANT FRAGMENTS. THE
UNIT IS ABOUT 80 FEET THICK.

FormATION LLoyp AnD Hares 1915.

GRASSED=-OVER DEPOSITS ON SEVERAL KNOLLS IN THE NORTHWEST CORNER OF THE
MAP HAVE BEEN CALLED LUDLOW ON THE BASIS OF SIMILARITY IN LITHOLOGY AND
STRATIGRAPHIC POSITION WITH THE LUDLOW IN THE ADJACENT MCINTOSH QUADRANGLE
(Stevenson 1957). THE FORMATION IS A HETEROGENEOUS SERIES OF INTERBEDDED
AND LENTICULAR WHITE TO GREY FINE CROSS~LAMINATED SUBGRAYWACKE SAND WITH
SCATTERED CEMENTATIONS, GREY TO BROWN CLAYS AND SILTY CLAYS AND DARK BROWN
CLAYS WITH PLANT FRAGMENTS. ESTIMATED THICKNESS IN THIS QUADRANGLE 1S 35
FEET.

ALLuvialL, AND TERRACE DEPOSITS

PLEISTOCENE TERRACE SAND AND GRAVELS FALL INTO TWO COMPOSITIONAL CATE-
GORIES: () TERRACE REMNANTS COVERED BY RUBBLE UP TO 6 FEET IN THICKNESS
ASSOCIATED WITH TRIBUTARY STREAMS (ROCK AND STINK CREEKS) AND CONTAINING
OVER 90 PERCENT OF ANGULAR LOCALLY DERIVED MATERIAL (MAINLY BROKEN |RON-
STONE CONCRETIONS AND SANDSTONE), AND (2) TERRACE GRAVELS UP TO SEVEN FEET
IN THICKNESS ASSOCIATED WITH THE GRAND RIVER AND CHARACTERIZED BY 50 TO 70
PERCENT ANGULAR LOCALLY DERIVED MATERIAL AND 30 TO 50 PERCENT ROUNDED GRAN-
ITE, GREENSTONE AND LIMESTONE. THESE GRAVELS OCCUR ON THREE TERRACE LEVELS,
190 To 200 fFeev, 160 1O 175 FEET, AND I35 To 145 FEET ABOVE THE GRAND RIVER.

AN ALLUVIUM, HIGH IN CLAY CONTENT IS PRESENT IN THE BOTTOMS OF THE
MAJOR DRAINAGE UNITS.

STRUCTURE

THE QUADRANGLE IS ON THE EAST FLANK OF THE DAKkoTA (WiLLISTON) BASIN
RESULTING IN A REGIONAL DIP TO THE NORTHWEST OF |2 FEET PER MILE. SUPER-
IMPOSED UPON THIS SURFACE ARE SMALL NORMAL AND SLUMP FAULTS (DISPLACEMENT
LESS THAN 35 FEET), AND POSSIBLY SMALL GENTLE FOLDS. LACK OF OUTCROPS
AND GOOD KEY BEDS MAKE THE DETERMINATION OF TECTONIC FEATURES VERY DIFFICULT.

ECONOMIC GEQLOGY

THIS QUADRANGLE LIES ON THE SOUTHEASTERN EDGE OF SOUTH DAKOTA'S LIGNITE
AREA AND CONSEQUENTLY CONTAINS ONLY A FEW THIN LOW-GRADE LIGNITES. THE
PRINCIPAL ECONOMIC MINERAL RESOURCE IN THIS SEMI=ARID CLIMATE |S WATER.
EXPLOITABLE GRAVEL DEPOSITS ARE ALSO PRESENT AND OIL OR GAS MAY EXIST IN
SUBSURFACE.

WATER

THE Fox HILLS FORMATION YIELDS WATER FOR DOMESTIC USE AND STOCK WATER-
ING THROUGHOUT THE ENTIRE QUADRANGLE. THE BEST WATER-BEARING STRATUM IS THE
TiMBER LAKE SAND WHICH OCCURS AT DEPTHS OF ZERO TO OVER 200 FEeT (AVERAGE
%+ 90 FEET). THERE IS SOME ARTESIAN HEAD, FOR IN MOST WELLS THE WATER RISES
20-30 FEET ABOVE THE AQUIFER.

CHEMICAL ANALYSES (SEE TABLE |) INDICATE THAT WATER FROM THE Fox HiLLS
IS USUALLY FAIRLY SOFT WITH HIGH SULFATE AND SODIUM CONTENT, |RON MAY BE
PRESENT IN OBJECTIONAL QUANTITIES, BUT THE FLUORIDE IS BELOW THE OPTIMUM
CONTENT OF |.0 P.P.M. |IN THE VALLEY OF THE GRAND RIVER AT BULLHEAD, THE
ALLUVIUM 1S THE GROUND-WATER RESERVOIR, AT A DEPTH OF |7 To 25 FEET. THE
ALLUVIAL WATER 1S GENERALLY HARDER AND CARRIES MORE IRON THAN THE Fox HiLLS
WATER.,

TABLE | CHEMICAL ANALYSES OF REPRESENTATIVE WATERS
IN PARTS PER MILLION

SAMPLE |IRON | MaeNE=]| SuL- [ So~- [CHLo-| FLuo-| Ni- | DissoLvep|HARDNESS]|
SIUM | FATE | DIUM [ RIDE | RIDE | TRATE | Sorips las CaCO
aLker! | TR 4 664 | 672 35 | None | 0.8 939 76
LLHEAD2| 0,8 39 514 | 257 13 0,4 2.0 1210 407
TANDARD
LTS 0,31 125 250 250 1.5 45_ 750 120

(1) PoSTMASTER'S WELL, Fox HILLS WATER, ANALYSIS BY STATE CHEMICAL LABORATORY,
VERMILLION, S.D., (2) COMMUNITY WELL, ALLUVIAL WATER, ANALYSIS FROM JOCHENS
(TvcHsen anp Voruis, 1955), (3) U.S. Bureau PusLic HeaLTH (1946).

SOUTH DAKOTA'S FAMOUS GROUND WATER AQUIFER, THE DAKOTA SANDSTONE FOR-
MATION, LIES AT DEPTHS OF 2900-3000 FEET IN THIS AREA, BUT THE HIGH COST OF
DEEP DRILLING PROHIEITS ITS GENERAL USE AS A SOURCE OF WATER.

THE HeLL CREEK FORMATION CONTAINS A NUMBER OF BEDS OF BENTONITIC CLAY
WHICH IS IMPERVIOUS AND PROVIDES AN EXCELLENT MATERIAL FOR THE CONSTRUCTION
AND REPAIR OF STOCK DAMS,

THREE EXPOSURES OF THIN LOW GRADE LIGNITE WERE FOUND IN THIS AREA.
TWO OF THESE ARE IN THE ISABEL-FIRESTEEL FACIES OF THE HELL CREEK FORMATION
AND THE OTHER OCCURS NEAR THE BASE OF THE SAME FORMATION. THE |SABEL-
FIRESTEEL SEAMS ARE LESS THAN 6 INCHES IN THICKNESS AND THE OTHER SEAM IS
12 INCHES THICK., THE LIGNITE IS BLOCKY, BLACK IN COLOR, BROWNI|SH=BLACK IN
STREAK AND USUALLY CLAYEY. THE SEAMS ARE TOO THIN AND LOW GRADE TO HAVE
PRESENT DAY POTENTIALITIES.

IN THE SOUTHWESTERN CORNER OF THE QUADRANGLE, THE COLGATE MEMBER OF
THE Fox HILLS FORMATION IS A HARD SILICEOUS SANDSTONE (“ORTHOQUARTZITE")
54 FEET THICK. THIS COULD PROVIDE SMALL SUPPLIES OF BLOCK OR BUILDING STONE.

QIL AND GAS

WHILE THERE ARE NO SURFACE STRUCTURES, THERE IS THE POSSIBILITY OF
SUBSURFACE STRUCTURES AND SEDIMENTARY TRAPS WHICH MIGHT BE OIL AND GAS
RESERVOIRS., THE PRINCIPAL PRODUCTIVE ZONE IN NORTH DAKOTA 1S THE MISSiON
CANYON LIMESTONE WHICH OCCURS AT DEPTHS OF ABOUT 5000 FEET IN THIS AREA.

AND SAND
SEVERAL DEPOSITS OF TERRACE GRAVELS AND RUBBLE ARE PRESENT IN THE QUAD-
RANGLE AND HAVE BEEN USED FOR ROAD METAL IN RECENT YEARS., THE DEPOSITS ARE
LISTED IN TABLE 2,

TABLE 2 YarDAGE ESTIMATES OF GRAVEL DEPOSITS

| __SECTION Twp, | ReE, Type | Acres | THIcknEsS | CuBiC YARDS |
1.23,25,26,27 | 2IN. | 24, | GRAVELS | 168 13-6" 785,000
5 22N, | 23E, | RusBLE 12 2=6' 60,000
E8.32.33 22N, | 25E, | RueBLE 73 2=3' 280,000

ALL OF THESE DEPOSITS CONTAIN A HIGH PERCENTAGE (40+) OF LINONITIC
IRONSTONE AND THE RUBBLE IN ADDITION CONTAINS CONSIDERABLE PERCENTAGES OF
SILT, SAND, AND CLAY. THESE DEPOSITS ARE ADEQUATE FOR ROAD METAL.
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