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EXPLANATION

Qal W
Alluvium
(Floodplain deposits of silt,

sond, and grovel, with local
low terroces ond sand dunes;

RECENT
-

in valleys of major streams)

Qds

Dune Sand
(Eolian deposiis of sand, mainly
cleéar quartz with some darker
minerals; forms dunes on up-
‘ lands with local blowouts)

Terrace Deposits
(Fluvial deposits of silt, sand,
and gravel, about 200 and |
300 ft. cbove present valleys L
of major streams)

PLEISTOCENE
__./‘\;

QUATERNARY

Middle Gravel
(Fluvie! deposits of gravel ond
sand, mainly quertz and
greenish feldspar but with
some dorker minerals and
fragments of rocks derived
both locally end from Block
Hills; cops middie elevations)

e
Ty e
bose gt
Uplond Gravel
(Fluvial deposits of gravel
and sand similar 1o Qg buf
with little locally-derived
material; caps buttes)

7
Mellette Formation
(Tuffoceous sill, mainly red-
dish bul some olive-gray;
ledges of flesh-colored fine-
grained dense limestone 2-7
ft. thick, af 16, 55, end 78
ft. obove base, limestones
weather in relief; middle ond
upper limstones contain small

gastropods, thickness of for-
mation 78 ft)

77,

Arikaree Formation
(Basal reddish cross-bedded
sandstone, partly conglomer-
atic, 5-7 1, thick; olive blocky
shale, with pinkish thin finely
granular tuffoceous limestone
ond gray tuffaceous siltsione
of base, 75-77 fL thick, with
vertebrate fossils; thickness
of formation obout 82 fr.)
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UNCONFORMITY 7
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White River Group
(Undifferentiated)
(Chadron formation, below.--
Olive bentonific cloy with basal
gravel mainly of clear quartz;
20-40 f1. thick; unconformity
at bese. Brule formation.--
Lower unit: interbedded pale
pink and gray silty tuff, tuff-
oceous silt, and bentonite;
weathers lo stoirstep profile;
11Q ft. thick. Upper unit:
greenish and pinkish bentonite
at base, pink and greenish
tuffaceous siltstone in middle,
and pinkish bentonite at top,
respectively 25, 20, ond 32
ft. thick. Brule thickness |87
ft. Thickness of White River
group 207-227 f1.)
UNCONFORMITY

Pierre Shale; Upper Unit
(Lower part-probably Mobridge
member: dark gray marine
shale, very calcoreous, marly,
blocky, white specked; 80 ff.
thick. Upper part-probabiy Elk
Butte member: yellowish gray
marine shale, blocky, limonit-
ic; weathers yellowish-brown,
‘ gypsum and himonite along
veins, bedding planes, and
thin bentonite layers; septar-
4 lan concretions with cone-in-

OLIGOCENE
AL

CRETACEQUS

cone at top; 130-150 ft. thick
Thickness of unit 210-230 f1)

i
CRETACEOUS

Kpl

UPPER

Pierre Shale, Lower Unit
(Lower part: gray to dark-gray
maorine shaie, blocky fo piaty,
partly covered and slumped;
at leost 195 ft. thick Upper
part: gray to dark-gray mor-
ine shale; gray limestone
nodules, many with fossil
nuclei, in upper 25 f1; upper
90 f1. calcareous. Thickness
\_ of unit af ieast 285 f1)

—_—

Contact
(dashed where approximately located)

P
Gravel Pit

x BM 2139
Bench Mark
(monument showing exact altitude above sea level)

x 2635
Spot  Altitude

& Mellette
Trionguigtion  Station
(monument marking exact geographic location)
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GEOLOGY OF THE WHITE RIVER QUADRANGLE

Allen F. Agnew

NTRODUCT | Ory

Columnor secﬁon THE WHITE RIVER QUADRANGLE INCLUDES
ABOUT 2|7 SQUARE MILES IN THE NORTH-CENTRAL
of PART OF MELLETTE COUNTY AND THE ADJOINING
PART OF SOUTHERN JONES COUNTY, AND 1S 45-60
MILES SOUTH OF PIERRE.

THE QUADRANGLE, IN THE RELATIVELY LITTLE-
KNOWN AREA OF OUTCROP OF TERTIARY ROCKS IN
THE SOUTH-CENTRAL PART OF THE STATE, IS5 IN
THE MISSOURI PLATEAU SECTION OF THE GREAT
PLAINS PHYSIOGRAPHIC PROVINCE. THE WHITE
RIVER CROSSES THE NORTHERN PART OF THE AREA;
IT IS JOINED BY THE LITTLE WHITE RIVER, WHICH
FLOWS NORTHWARD IN THE WESTERN PART OF THE
QUADRANGLE. MAJOR TRIBUTARIES INCLUDE COTTON-
woop CReek (NN PART OF MAP) AND WHITE THUNDER
Creek (SE CORNER). LOCAL RELIEF RANGES UP TO
350 FEET, AND THE MAXIMUM RELIEF 1S ABOUT 900

¥ XK FEET. WHITE River (Pop. 465), THE COUNTY SEAT
DX XXX OF MELLETTE COUNTY, 1S THE ONLY SETTLEMENT OF

i THIS RATHER SPARSELY POPULATED REGION. U. S.
HigHway 83 AnND STATE RouTe 40 CROSS RESPEC-
TIVELY THE WESTERN AND SOUTHERN PARTS OF THE
QUADRANGLE. A WELL-DEVELOPED NETWORK OF
UNSURFACED ROADS SERVES MOST OF THE REG ION;
THOSE UNDERLAIN BY SHALES ARE |MPASSABLE WHEN
WET. THE CLIMATE IS CHARACTERIZED BY A WIDE
TEMPERATURE RANGE, AN AVERAGE RAINFALL OF |9
INCHES PER YEAR, AND BY STRONG WINDS.

THE GEOLOGY WAS MAPPED DURING THE SUMMER
OF 1956 UNDER THE SUPERVISION OF DR. E. P.
RoTHroCcK, STATE GeoLoGisT. DRrs. A. L. Luen,
J. R. MacponaLD, AND C. B. SCHULTZ GENEROUSLY
w SHARED THEIR KNOWLEDGE OF TERTIARY STRATIG-
w RAPHY AND PALEONTOLOGY OF SOUTH DAKOTA AND
=] NEBRASKA.

o SURF ICIAL DEPGSITS

MUCH OF THE NORTHERN HALF OF THE QUAD-
RANGLE IS COVERED BY UNCONSOL IDATED DEPOSITS
THAT ARE SEPARATED INTO THREE MAIN GROUPS:

(1) ALLUVIUM IN PRESENT STREAM VALLEYS, (2)
TERRACE DEPOSITS ADJACENT TO THESE VALLEYS,
< AND (3) GRAVEL DEPOSITS THAT REPRESENT OLD
w STREAM CHANNELS. A FOURTH TYPE, WIND-BLOWN
= DUNE SAND, LIES ON UPLAND AREAS.
S « ALLuvium (QAL) consisTs

OF QUARTZ SILT, SAND, AND GRAVEL, WHICH RE=-
SULTED FROM REWORK ING OF BEDROCK AND OLDER
SURFICIAL DEPOSITS, AND IS CONFINED TO
« PRESENT STREAM VALLEYS. IT 1S MOSTLY OF
a LOCAL ORIGIN, DERIVED FROM TERTIARY BEDS AND
o FROM ROCKS OF THE BLACK HiLLS. TERRACE
MATERIALS (QT) ARE QUARTZ SILT, SAND, AND
GRAVEL DEPOSITED BY FLEISTOCENE STREAMS, WHOSE
PONDING BY THE ICE FRONT TO THE EAST CAUSED
THE MATERIAL TO BE LAID DOWN OVER LARGER
AREAS THAN THE PRESENT STREAMS AFFECT. Two
TERRACE LEVELS ARE PRESENT ALONG THE PRESENT
VALLEYS OF THE WHITE AND LITTLE WHITE RIVERS,
ABOUT 200 AND 300 FEET ABOVE THEIR FLOOKS.
UPLAND GRAVEL DEPOSITS ARE PRESENT IN MOST
PARTS OF THE QUADRANGLE; THEY APPEAR ON
RANGES OF LOW HILLS (Q6) THAT SEEM TO BEAR
Key to LITTLE RELATIONSHIP TO PRESENT STREAM COURSES,

. AND AS CAPS (QGU) ON THE HIGHEST UPLAND SUR=
Columnar Section FACE. AWAY FROM THE HIGHER ELEVATIONS THE
GRAVEL IS MAINLY CHALCEDONY, QUARTZ, AND SIL-
ICATE ROCKS FROM THE BLACK HILLS AND NEIGHBOR=
ING UPLIFTED AREAS; THE GRAVEL IS VERY COARSE,
COBBLES 4~6 INCHES OR LARGER BEING COMMON,
NEAR THE HIGHER ELEVATIONS THE LOWER GRAVELS
HAVE A LARGE PERCENTAGE OF LOCALLY-DERIVED
MATERIAL THAT IS NOT AS WELL ROUNDED AS THE
REST OF THE GRAVEL. FOSSIL VERTEBRATE BONES
FROM THESE DEPOSITS HAVE BEEN IDENTIFIED AS
PLiocene (J. R. MACDONALD), BUT SOME SHOW
EVIDENCE OF STREAM ACTION WHICH APPEARS TO
INDICATE THAT THE AGE OF THE DEPOSIT IS POST=
PLioceNE. THESE DEPOSITS ARE ALL ASSIGNED TO
A PROBABLE PLEISTOCENE AGE.

WIND DEPOSITS. FINE TO COARSE DUNE SAND
IS PRESENT MAINLY IN THE SOUTHERN THIRD OF THE
QUADRANGLE AND SEEMS TO BE RELATED TO TERTIARY
SEDIMENTS. |N ADDITION TO THE DUNE SAND AT
HIGHER ELEVATIONS, DUNES ARE PRESENT LOCALLY
IN THE ALLUVIUM OF THE VALLEY OF THE LITTLE
WHITE RIVER.

EXPOSED SEDIVENTARY ROCKS

PIERRE SHALE, A MARINE DEPOSIT OF CRETACEOUS AGE, OCCURS THROUGHOUT
THE QUADRANGLE, BUT IS OVERLAIN IN THE SOUTHERN THIRD BY TERTIARY FLUVIATILE
AND LACUSTRINE SEDIMENTS OF OLIGOCENE AND MIOCENE AGE. |N CONTRAST TO THE
SHALE LITHOLOGY OF THE PI1ERRE, THE OLIGOCENE WHITE RIVER STRATA ARE SILTY
TUFFACEOUS CLAYSTONE, SANDSTONE, AND BENTONITE; THE MIOCENE ARIKAREE IS
MAINLY SANDSTONE WITH SOME ASH, AND THE MIOCENE MELLETTE FORMATION CONSISTS
OF LIMESTONE AND SILTY TUFFACEOUS CLAYSTONE AND SILTSTONE.
- SHALE (Meex & HAYDEN, 1B62). THE PIERRE
SHALE, NAMED FROM EXPOSURES NEAR FT. PIERRE (50 MILES NORTH OF THE QUADRAN-
GLE), CROPS OUT ALONG THE MAJOR DRAINAGE IN THE QUADRANGLE AND, WHERE NOT
OVERLAIN BY QUATERNARY DEPOSITS, CONSTITUTES THE BEDROCK OF THE UPLANDS IN
THE NORTHERN TWO-THIRDS OF THE MAPPED AREA. MOST NATURAL EXPOSURES OF THE
PIERRE ARE BADLY SLUMPED, IN THE AREA OF SOUTH=-CENTRAL SOUTH DAKOTA, IN-
CLUDING THE WHITE RIVER QUADRANGLE, IT IS IMPOSSIBLE TO DISTINGUISH THE
MEMBERS OF THE PIERRE (SEARIGHT, 1937) RECOGNIZABLE ALONG THE MISSOURI RIVER;
THUS THE PIERRE IS HERE DIVIDED INTO TWO CONFORMABLE LITHOLOGIC UNITS, FOR
WHICH FORMAL NAMES ARE NOT PROPOSED AS YET, PENDING FURTHER STUDIES.
UNIT. THE Lower PIERRE UNIT (KPL) 1S MAINLY GRAY TO
DARK=GRAY PARTLY BENTONITIC SHALE THAT WEATHERS LIGHT=GRAY. |IT 1S GENERALLY
BLOCKY BUT WEATHERS TO THIN FLAKES, AND BECOMES A PLASTIC STRUCTURELESS MASS
WHEN WET. IN ITS UPPER PART THE SHALE CONTAINS LAYERS OF DARK-GRAY ARGIL-
LACEOUS LIMESTONE CONCRETIONS, MANY OF WHICH HAVE AS CORES THE LONG CEPHALO-
POD BACULITES. |IN THE SHALES, HOWEVER, MEGAFOSSILS ARE GENERALLY SPARSE
AND POORLY PRESERVED. AT LEAST 285 FEET OF THIS UNIT IS EXPOSED IN THE
QUADRANGLE .
PP UNIT. THE upPeErR PIERRE UNIT (KPU) IS GRAY CALCAREOUS
SHALE (BELOW) AND BROWNISH SILTY SHALE. THESE TWO SUBDIVISIONS OF THE
UPPER PIERRE UNIT CORRESPOND GENERALLY WITH THE MOBRIDGE AND ELK BUTTE MEM-
BERS, RESPECTIVELY, OF THE PIERRE FORMATION ALONG THE MISsourl RiIver. THE
Lower (MOBRIDGE) PART OF THE UNIT IS A DARK-GRAY BLOCKY CALCAREOUS SHALE;
BROKEN SURFACES OF THE SHALE SHOW MINUTE WHITE CALCAREOUS SPOTS WHICH ARE
PROBABLY CRUSHED FORAMINIFERAL SHELLS., THE SHALE GENERALLY WEATHERS LIGHT=-
GRAY, ALTHOUGH LOCALLY IT ALTERS BROWNISH, LIKE ITS WEATHERED COUNTERPART
ALONG THE MisSouRl RIVER. THIS PART OF THE UPPER PIERRE UNIT IS FOSSIL-
IFEROUS, BUT THE MEGAFOSSILS ARE POORLY PRESERVED. THE UPPER (ELK BUTTE)
PART OF THE UPPER PIERRE UNIT IS BROWNISH TO OLIVE SHALE THAT RANGES FROM
BLOCKY NEAR THE BASE TO THIN-BEDDED AND PLATY NEAR THE TOP. IT 15 GENERALLY
SILTY, AND CONTAINS FINE SAND IN THE UPPER PART. GYPSUM AND IRON SULFATE
MINERALS FILL VEINS AND BEDDING PLANES THROUGHOUT THIS PART OF THE UNIT,
NEAR THE TOP ARE LARGE YELLOW|SH-BROWN IRON-BEARING CALCAREOUS SEPTARIAN
CONCRETIONS WITH CONE=IN-CONE STRUCTURE. A PLACER OF THIN LIMONITIC PLATES
COVERS SLOPES THAT ARE DEVELOPED ON THE ELK BUTTE PART OF THE UPPER PIERRE
UNIT. FOSSILS ARE SPARSE AND VERY POORLY PRESERVED IN THIS PART OF THE
UNIT. THE SANDINESS NEAR THE TOP, AND THE SEPTARIAN CONCRETIONS ARE CHARAC-
TERISTIC OF THE LOWER PART OF THE CRETACEOUS Fox HILLS SANDSTONE ELSEWHERE
IN THE STATE, BUT THE MORE MASSIVE CHARACTER OF THE Fox HILLS IS NOT PRESENT
HERE. THE UPPER PIERRE UNIT 1S 210-230 FEET THICK, THE VARIATION BEING DUE
TO AN UNCONFORMITY AT THE TOP. THIS UNCONFORMITY IS MARKED BY A 30-40 FoOT
WEATHERED ZONE (INTERIOR FORMATION OF WARD, 1922) OF YELLOWISH-BROWN TO
REDDISH-BROWN BENTONITIC SHALE THAT IS OLIVE AND YELLOWISH-BROWN PLATY SHALE
WHEN FRESH.

Exposed Rocks
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Bentonitic clay

Ash or tuff
Tuffaceous siltstone
Calcareous shale
Limestone nodules

Sandy limestone
Cross bedded ss.

SYSTEM. SERIES. WHITE RIVER GROUP MeEk & HAYDEN
1858. THE WHITE RIVER GROUP, EXPOSED IN THE UPLANDS OF THE SOUTHERN THIRD
OF THE QUADRANGLE, COMPRISES THE CHADRON (BELOW) AND THE BRULE FORMATIONS.
THE WHITE RIVER GROUP IS OVERLAIN UNCONFORMABLY BY ARIKAREE SEDIMENTS OF
MIOCENE AGE, AND BY GRAVELS OF PROBABLE PLEISTOCENE AGE. THE WHITE RIVER
GROUP FORMS BADLANDS.

FORMATION DarTON 1899, THE CHADRON FORMATION, NAMED FROM
EXPOSURES NEAR CHADRON, NEBR. (120 MILES SW oF THE WHITE RIVER QUADRANGLE),
IS MAINLY LIGHT-GREENISH AND OLIVE=-GRAY SILTY VERY BENTONITIC CLAY. |IT CON-
TAINS NEAR THE BASE A POORLY CEMENTED CONGLOMERATE OF ROUNDED QUARTZ AND
FELDSPAR PEBBLES UP TO 3 OR 4 INCHES ACROSS, ALTHOUGH MOST ARE ABOUT | INCH
IN DIAMETER. THE TOP OF THE CHADRON IS MARKED LOCALLY BY A LENTICULAR YEL-
LOWISH=GRAY "ALGAL" SILTY LIMESTONE THAT IS COMMONLY SILICIFIED; IT PINCHES
OUT FROM 3 FEET THICK WITHIN 40 FEET HORIZONTALLY. WHERE THE LIMESTONE 1S
ABSENT, THE SILTY BENTONITIC CLAYS AT THE CHADRON-BRULE CONTACT ARE DISTIN-
GUISHED MAINLY BY THE SLIGHT CHANGE IN COLOR FROM LIGHT GREENISH-GRAY (BELOW)
TO LIGHT PINKISH-GRAY. THE CHADRON 1S VERY BENTONITIC AND WEATHERS INTO
CHARACTERISTICALLY ROUNDED HUMPS OR ''HAYSTACKS'", IN CONTRAST TO THE TREAD-
AND=R ISER PROF ILE OF THE WEATHERED BRULE ABOVE, AND TO THE RELATIVELY SMOOTH
CUTBANKS IN THE FIERRE BELOW. WHEN WET THE CHADRON IS AN IMPASSABLE MASS OF
STICKY GUMBO, THE CHADRON 1S ONLY 20-40 FEET THICK IN THE WHITE RIVER QUAD-
RANGLE. FOR THIS REASON AND BECAUSE THE UPPER CONTACT IS DIFFICULT TO LO-
CATE ACCURATELY, THE TWO FORMATIONS ARE MAPPED TOGETHER (Tow).

BRULE FORMATION DARTON 1899, THE BRULE FORMATION, NAMED FOR THE

BRULE INDIANS IN SOUTHERN SOUTH DAKOTA, CAN BE SUBDIVIDED IN THE WHITE RIVER
QUADRANGLE INTO TWO LITHOLOGIC UNITS. THE LOWER UNIT IS MAINLY BANDED PINK-
ISH AND GRAYISH CLAYEY TUFFACEOUS LAMINATED SILTSTONE AND FINE QUARTZOSE
POORLY CEMENTED SANDSTONE INTERBEDDED WITH SILTY BENTONITIC CLAYSTONE. |IRON
OXIDE AND CALCIUM CARBONATE IRREGULARLY CEMENT THE SANDSTONE LEDGES, WHICH
WEATHER TO A SOMEWHAT WORMY APPEARANCE. PEA=SIZE CLAY PELLETS ARE PRESENT
IN SOME ZONES, AS ARE LOCAL THIN VEINLETS OF CHALCEDONY. THE SILTSTONES
WEATHER INTO VERTICAL FACES AND THE THIN SANDSTONE LEDGES PROJECT SLIGHTLY,
THUS GIVING A STAIR-STEP PROFILE. THIS LOWER DIVISION OF THE BRULE 1S SIM-
ILAR TO THE ORELLA MEMBER OF NORTHWESTERN NEBRASKA (ScHuLTz, STouT, 1955),
WHICH HAS BEEN CALLED SCENIC IN THE BiG BADLANDS OF SouTH DakoTa (Bump, 1956).
THE LOWER DIVISION OF THE BRULE IN THE QUADRANGLE IS ABOUT |10 FEET THICK.
THE UPPER BRULE CONSISTS OF PINK AND GREEN TUFFACEOUS SILTSTONE THAT IS OVER-
LAIN BY PINKISH TO BROWNISH BENTONITE, PINKISH WAXY CALCAREOUS CLAY, AND
BROWN AND PINK NODULAR FINE CALCAREOUS QUARTZOSE SAND., THE BENTONITE ZONES
TEND TO WEATHER TO ROUNDED SURFACES CHARACTERISTIC OF THE BENTONITE BEDS OF
THE CHADRON BELOW, WHEREAS THE SILTSTONE, CLAY, AND SANDSTONE WEATHER VER=-
TICALLY, THIS UPPER UNIT OF THE BRULE IS SIMILAR TO THE WHITNEY MEMBER OF
NORTHWESTERN NeBraska (ScHuLTz, STouT, 1955), TO WHICH THE NAME POLESLIDE
HAS BEEN APPLIED IN THE Bic BADLANDS OF SouTH DakoTa (Buwmp, 1956). Tue up-
PER DIVISION OF THE BRULE IN THE WHITE RIVER QUADRANGLE RANGES UP TO 77 FEET
THICK, THESE WHITE RIVER STRATA APPEAR TO BE RELATIVELY UNFOSSIL IFEROUS
(EXCEPT FOR THE UPPER DIVISION OF THE BRULE, WHICH CONTAINS A FEW VERTEBRATE
BONES); THIS IS IN CONTRAST TO THEIR FOSSILIFEROUS NATURE IN THE Big BAD-
LANDS, WHERE CHANNEL SANDSTONES ARE VERY FOSSILIFEROUS.

. ARIKAREE F DARTON 1899, THE ARIKAREE FOR-
MATION (TMA), NAMED FOR THE ARIKAREE INDIANS OF WESTERN NEBRASKA, CAPS THE
HIGHER ELEVATIONS ALONG THE SOUTHERN BORDER OF THE QUADRANGLE. |IT CONSISTS
IN THE QUADRANGLE OF REDDI|SH=BROWN CROSS-BEDDED QUARTZOSE CHANNEL SANDSTONE
THAT 1S OVERLAIN BY GRAY AND PINKISH UNCONSOL |DATED TUFFACEOUS QUARTZOSE
SANDS. THE TOP OF THE ARIKAREE IS ARBITRARILY MARKED BY THE BASE OF THE
LOWEST PINK FINE-GRAINED LIMESTONE BED. LOCALLY, AS AT MELLETTE MOUNTAIN,
REMNANTS OF A 20-FOOT BED OF WHITE VOLCANIC ASH CONTAINING SPHERICAL CELTIS
SEEDS CAP PRE~MIOCENE HILLS OF UPPER BRULE, AND THERE FORM THE BASE OF THE
MIOCENE. THE CROSS-BEDDED MIOCENE SANDSTONE IN THE QUADRANGLE, HMERE REFERRED
TO THE ARIKAREE FORMATION, MAY CORRESPOND WITH THE BASAL, OR GERING CHAN=-
NEL DEPOSITS OF THE ARIKAREE OF NORTHWESTERN NEBRASKA. THE ARIKAREE RANGES
UP TO ABOUT 82 FEET THICK IN THE WHITE RIVER QUADRANGLE. VERTEBRATE FOSSILS
ARE PRESENT IN THE ARIKAREE IN THE QUADRANGLE.

FORMATION. THE UNIT HERE DEFINED AS THE MELLETTE FORMA-

TION (TMM) IS NAMED FROM EXPOSURES NEAR THE CENTER OF THE LINE BETWEEN SECS.
14 anp 23, T, 41 N., R, 28 W., IN THE SMALL MESA CONTAINING MELLETTE TR |AN=-
GULATION STATION. THE MELLETTE FORMATION 1S TYPICALLY THREE ZONES OF FINE-
GRAINED THIN-BEDDED PINKISH DENSE LIMESTONE THAT IS WHITE-WEATHERING AND
FOSSILIFEROUS; THE TWO LOWER L IMESTONE ZONES, EACH 2 FEET THICK, ARE SEPA-
RATED BY 38 FEET OF RED AND GRAYISH-PINK UNCEMENTED TUFFACEOUS SAND, WHEREAS
THE UPPER LIMESTONE, 7 FEET THICK, IS SEPARATED FROM THE MIDDLE ONE BY |9
FEET OF SIMILAR SAND. ABOVE THE UPPER LIMESTONE SEVERAL FEET OF SIMILAR
SAND 1S EXPOSED BENEATH A CAP OF PLEISTOCENE UPLAND GRAVEL. THE MELLETTE
FORMATION IN THE QUADRANGLE IS5 AT LEAST 78 FEET THICK, AND 9 MILES TO THE
SOUTH IT IS MORE THAN |50 FEET THICK. |T OVERLIES THE ARIKAREE FORMATION
CONFORMABLY. THE LIMESTONES CONTAIN SMALL GASTROPODS, BUT THE FAUNAL CHAR-
ACTERISTICS OF THE INTERBEDDED SANDS HAVE NOT BEEN ASCERTAINED. THE MEL-
LETTE FORMATION IS SOMEWHAT LIKE PARTS OF THE ARIKAREE FORMATION AND OVER-
LYING HEMINGFORD GROUP OF NORTHWESTERN NEBRASKA IN CONTENT OF REDDISH SAND
AND SANDY TUFFACEOUS CLAY, BUT LACKS THE CEMENTED ZONES AND CONCRET IONARY
CHARACTER OF THE NEBRASKA UNITS; FURTHERMORE, LIMESTONES OF THE MELLETTE
TYPE ARE NOT REPORTED IN EITHER OF THE TWO NEBRASKA UNITS.

SUBSURFACE ROCKS

ROCKS NOT EXPOSED AT THE SURFACE IN THE WHITE RIVER QUADRANGLE, YET
PROBABLY PRESENT THEREIN BECAUSE THEY WERE PENETRATED IN WELLS DRILLED
NEAR THE BORDERS, CONSTITUTE AT LEAST 1600 FEET OF UPPER CRETACEOUS SEDI-
MENTS. THE PIERRE SHALE, ABOUT 900 FEET THICK, OVERLIES 100 FEET OF NIOBRARA
MARL, WHICH IS FOLLOWED BELOW BY 600 FEET OF CARLILE SHALE, 90 FEET OF GREEN-
HORN LIMESTONE, AND 340 FEET OF GRANEROS SHALE. THE GRANEROS LIES ON THE
DAKOTA-FUSON-LAKOTA SANDSTONE AND SHALE, SEVERAL HUNDRED FEET THIGK.

STRUCTURE

THE SEDIMENTARY ROCKS IN THE QUADRANGLE ARE NEARLY FLAT-LYING, AS
IT IS APPARENTLY ON THE STRUCTURAL SADDLE THAT SEPARATES THE WILLISTON BASIN
TO THE NORTH FROM THE KENNEDY BASIN IN NEBRASKA. THE CONTACT BETWEEN THE
TWO UNITS OF THE PIERRE SHALE SHOWS A GENERAL DIP OF |5 FEET PER MILE TO THE
NORTH AND WEST. (THE PIERRE SHALE SLUMPS BADLY, AND AS A RESULT ONLY EXPOSURES
A MILE OR MORE AWAY FROM MAJOR DRAINAGE AND AT SOME DISTANCE FROM PRESENT
TOPOGRAPHIC SLOPES WERE USED.) THE STRUCTURE AT THE CHADRON-BRULE CONTACT
DIPS NORTHWARD AND EASTWARD SLIGHTLY (ABOUT |2 FEET PER MILE) FROM THE SOUTH-
CENTRAL PART OF THE QUADRANGLE, AND THE LIMESTONES IN THE MELLETTE FORMATION
DIP SLIGHTLY (LESS THAN |5 FEET PER MILE) TO THE NORTH. THUS THE GENERAL
STRUCTURAL PICTURE OF THE WHITE RIVER QUADRANGLE IS ONE OF GENTLE DIP TO THE
NORTH, WITH THE ADDED POSSIBILITY OF A SLIGHT REVERSAL IN THE SOUTH=CENTRAL
PART.

ECONOMIC GEOLOGY

GROUND WATER 1S AVAILABLE IN ALL PARTS OF THE QUADRANGLE. EXTENSIVE
RESOURCES OF SAND AND GRAVEL ARE PRESENT IN THE TERRACE AND GRAVEL DEPOSITS;
LEDGES OF LIMESTONE CAP THE BUTTES AND SMALL MESAS IN THE SOUTHERNMOST PART
OF THE QUADRANGLE, AND BENTONITE 1S PRESENT IN THE SOUTHERN THIRD OF THE
MAPPED AREA. OTHER POTENTIALLY ECONOMIC PRODUCTS ARE OIL AND GAS, URANIUM,
CLAY, AND ASH,

ND WATER. GROUND WATER ADEQUATE IN AMOUNT FOR DOMESTIC FARM
SUPPLIES 1S AVAILABLE THROUGHOUT THE QUADRANGLE. WATER OF GOOD QUALITY CAN
BE OBTAINED FROM SHALLOW WELLS THAT PENETRATE THE TERTIARY SEDIMENTS, FROM
THE PLEISTOCENE GRAVEL DEPOSITS, AND FROM THE QUATERNARY ALLUVIUM AND TER=
RACE DEPOSITS., WATER FROM THE PIERRE SHALE USUALLY CONTAINS EXCESSIVE AL-
KALI; IT 1S GENERALLY UNSUITABLE FOR HUMAN CONSUMPTION, AND SHOULD BE GIVEN
TO LIVESTOCK ONLY WITH CAUTION. WELLS DRILLED INTO THE QUATERNARY ALLUVIUM
NEAR THE BORDERS OF THE VALLEYS IN THE PIERRE SHALE, AND INTO THIN TERRACE
DEPOS ITS THAT OVERLIE THE PIERRE, ALSO PENETRATE WATER HIGH IN ALKALI«

SAND AND GRAVEL. SAND AND GRAVEL SUITABLE FOR ROAD MATERIAL AND POS=
S18LY FOR BITUMINOUS OR CONCRETE AGGREGATE IS AVAILABLE IN THE UPLAND GRAVEL
AND TERRACE DEPOSITS, THE GRAVELS NEAR THE BADLANDS IN THE SOUTHERN PART
OF THE QUADRANGLE CONTAIN A HIGHER PERCENTAGE OF UNDESIRABLE CARBONATE AND
ARG ILLACEOUS MATERIAL, WHEREAS THE BETTER GRAVELS CONSIST MAINLY OF CHAL=-
CEDONY, QUARTZ, FELDSPAR, AND IGNEOUS AND METAMORPHIC ROCK FRAGMENTS. THE
CHADRON FORMAT ION CONTAINS NEAR ITS BASE A WELL=SORTED GRAVEL THAT 15 MAINLY
SEVERAL VARIETIES OF QUARTZ, WITH A CONSPICUOUS AMOUNT OF FELDSPAR; IT IS
MOSTLY WELL=-S1ZED, ABOUT | INCH IN DIAMETER.

LIMESTONE. THREE THIN LIMESTONE ZONES ARE PRESENT IN THE MELLETTE
FORMATION NEAR THE SOUTHERN BORDER OF THE QUADRANGLE, THE LIMESTONES RANGE
FROM 2 TO 7 FEET THICK AND ARE FINE-GRAINED, DENSE, AND RELATIVELY PURE.
ONLY THE CAP LIMESTONE OF A MESA COULD BE RECOVERED ECONOMICALLY, BECAUSE
oF THE INTERVENING 19-38 FEET OF SANDS THAT WOULD NEED TO BE REMOVED BEFORE
THE NEXT LOWER LIMESTONE 1S REACHED. THESE LIMESTONE CAPS ARE THE SAME ROCK
AS THAT BEING OUARRIED CURRENTLY FOR ROAD AGGREGATE |5 MILES TO THE SOUTH,
AND COULD BE USED SIMILARLY IN THE WHITE RIVER QUADRANGLE,

BENTONITE. BENTONITIC SEDIMENTS ARE CHARACTERISTIC OF THE CHADRON
FORMATION AND THE UPPER PART OF THE BRULE FORMATION, WHICH ARE PRESENT IN
THE SOUTHERN THIRD OF THE QUADRANGLE. BENTONITE IS A POTENTIAL SOURCE FOR
SEALING OR BONDING MATERIAL.

AND GAS. GAS HAS BEEN PRODUCED FROM THE DAKOTA SANDSTONE NEAR
PIERRE, AND DEEP OIL TESTS TO THE WEST AND SOUTH OF PIERRE HAVE GIVEN SHOWS
OF GAS IN THE DAKOTA. IN THE WHITE RIVER QUADRANGLE THE DAKOTA SANDSTONE
LIES AT DEPTHS ESTIMATED TO RANGE FROM ABOUT 1400 FEeT AT WESTOVER SCHOOL
(N BORDER) TO 2200 FEET AT MELLETTE TRIANGULATION STATION., THE GENTLE STRUC-
TURAL HIGH IN THE SOUTH-CENTRAL PART OF THE QUADRANGLE (SEX oF T. 42 N.,
R. 28 W.) APPEARS TO HAVE 50 FEET OR MORE OF CLOSURE AT THE TOP OF THE PIERRE,
AND THEREFORE MIGHT POSSIBLY BE A FAVORABLE STRUCTURE FOR PROSPECTING. Po-
TENTIALLY PRODUCTIVE DEEPER ZONES, THE WHITEwoop (Rep RIVER) DOLOMITE AND
WINNIPEG SANDSTONE AND POSSIBLY THE PAHASAPA (LODGEPOLE-MISSION CANYON) LIME-
STONE, ARE PERHAPS PRESENT IN THE SUBSURFACE, AT DEPTHS UP To |000 FEET OR
MORE BELOW THE TOP OF THE DAKOTA.

URANIUM. URANIUM AND OTHER RARE-EARTH MINERALS ARE PRESENT IN SMALL
AMOUNTS IN THE PIERRE SHALE, AND IN THE CHADRON FORMATION. THE OXIDIZED ZONE
AT THE TOP OF THE UPPER UNIT OF THE PIERRE SHALE HAS A HIGHER CONCENTRATION
OF RADIOACTIVE MINERALS THAN DOES THE REST OF THE PIERRE. THE CHADRON FOR=
MATION PROBABLY CONTAINS SIGNIFICANT AMOUNTS OF URANIUM MINERALS IN THE
PINKISH BENTONITIC ZONE NEAR THE TOP. THE ORIGIN OF THE URANIUM SEEMS TO
HAVE BEEN THE TERTIARY VOLCANIC ASH. THUS THE MIOCENE ARIKAREE FORMATION
(ESPECIALLY THE WHITE ASH BED AT ITS BASE) AND MELLETTE FORMATION, AND THE
TUFFACEOUS SILTS OF THE OLIGOCENE BRULE MEMBER MAY ALSO BE REGARDED AS PO-
TENTIAL SOURCES OF URANIUM MINERALS.

OTHER, POTENTIALLY ECONOMIC, . THE BRULE SILT, WHEN MIXED
WITH SAND IN PROPER PROPORTIONS, I§j§%¥§gE%EAGAN, 1905, P. 234) TO MAKE A
HARD MORTAR THAT WAS FORMERLY USED BY THE INDIANS AS PLASTER. THE BENTONITIC
CLAYS OF THE CHADRON FORMATION IN THE BLACK HILLS HAVE BEEN INVESTIGATED FROM
THE STANDPOINT OF FULLER'S EARTH, BECAUSE OF THEIR BLEACHING QUALITIES. AN
EXCELLENT, THOUGH LIMITED EXPOSURE OF THE BASAL MIOCENE WHITE ASH, 20 FEET
THICK, CAPS MELLETTE MOUNTAIN; IT COULD BE USED AS AN ABRASIVE, AS IT IS
RELATIVELY PURE.
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