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Terrace Deposits
(Terroce deposits of fluvial
silt, sand and gravel along
the North Fork of the Grand
River up to 4 feet thick)
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Tongue River Formation
{Buff fo grey, massive,
cross-bedded, medium grained,
cakcareous subgraywocke
sandstone; buff subgraywacke
sand with colcorecus cemen-
lotions; and buff clayey
silt, clay, and benfonitic
NORTH DAKOTA clay. Tptl-Lodgepole facies
- buff to grey cloy, subgray-
wocke sand, brown peot-clay
and occasional seams of
black blocky lignite (2 to
50 inches thick. Thickness
averages about 220 feet)
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Cannonball  Formation
(Buff to grey lominated fine
subgraywacke saond, silty
sand and sandy clay with
abundont dark gray dense
limestone concretions. A
few local ledges of caicar-
eous sandstone.  Maring in-
vertebrates. Interfingers
with upper Ludlow formation.
The formation ronges in
thickness from O to 95 feet)

PLEISTOCENE
Al

hNé

NORTH DAKOTA
" SOUTH Dfﬁm

&

PA LEiCE NE

T23E

Tpl

Ludlow Formation
(White to buff, cross-
bedded, fine to medium
grained subgraywocke sand
ond silty sand with rare cai-
cateous cementations. In-
ferbeds of somber to grey
or brown clay, silty clay,
and fissile siitstone.
Scottered orange-red li-
monitic concretions.
Tpis-Shadehill facwes-Inter-
bedded white to grey
sands, brown peat-clay,
and several seams of block
biocky lignite (8 to 96
inches thick). Tplh-Hillen
facies-Brown to grey sond,
silt and clay, brown peat-
clay, ond several seams of
black biocky lignite (Il to

90 inches thick). Tpig-
Giannonatti facies-Several
seams of black biocky lig-
nite (9 to 68 inches thick)
ond associated beds of clay
and peat-clay. The forma-
tion vories in thickness
between 137 ond 247 feet) _/
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(Ellingson)

b4

Hell Creek Formation
(Interbedded dull grey fo
brown clay, silt and ben-
tonitic clay with occasional
white medium groined sub-
graywacke sand. 25 feet
exposed here)
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GENERALIZED COLUMNAR SECTION

GEOLOGY OF THE RALPH QUADRANGLE

Robert E. Stevenson

INTRODUCT ION

TH1S QUADRANGLE WAS MAPPED IN 1954 AND
0T~ 1955 AS A PART OF THE STATE GEOLOGICAL SURVEY'S
: COAL RESOURCES PROGRAM. TEST DRILLING FOR
SUBSURFACE COAL WAS DONE IN 1955. THE WRITER
ACKNOWLEDGES WITH GRATITUDE THE FIELD ASSIST=
ANCE OF S. G, CoLLINS AND C. R. Dopson. THE
DRILLING WAS DONE BY R. ScHooN AND O. ROSENBAUM.

LOCAT ION

THE RALPH QUADRANGLE LIES IN THE NORTH=-
EAST PART OF HARDING COUNTY ALONG THE NORTH
DAKOTA LINE. IT 1S ABOUT |70 MILES NORTHWEST
OoF PIERRE AND 120 MILES NORTH OF RAPID CITy.
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GEOGRAPHY

THIS AREA 1S ONE OF ROLLING PRAIRIES WITH
SCATTERED BUTTES AND MESAS RISING 300 FEET
ABOVE THE MAJOR EROSION LEVEL. CUT INTO THIS
EROSION SURFACE ARE THE WIDE SHALLOW VALLEYS
ofF Bic NASTY CREEK AND ITS TRIBUTARIES. THE
BUTTES AND MESAS, SOME OF WHICH ARE BOUNDED
BY SANDSTONE CLIFFS, ARE REMNANTS OF AN OLDER
(PRE-PLEISTOCENE) EROSION SURFACE.

THE NORTH FORK GRAND RIVER AND ITS VAL-
LEY CUT ACROSS THE NORTHEAST CORNER OF THE
MAPPED AREA. THE RIVER MEANDERS ACROSS A
FAIRLY WIDE FLOOD PLAIN BORDERED BY POORLY
DEFINED LOW EROSIONAL TERRACES AND A HIGHER
GRAVEL TERRACE.

THE AVERAGE RAINFALL 1S |2 INCHES, GIV=
ING RISE TO A SEMI-ARID CLIMATE. THE ONLY
PERMANENT WATER BODIES ARE THE VESSEY AND
RALFH RESERVOIRS AND NUMEROUS SMALL STOCK LAKES.

THIS 1S A SPARSELY POPULATED (| FAMILY
PER 2% SQUARE MILES) AGRICULTURAL AREA DEVOTED
TO STOCK GRAZING AND THE GROWING OF FEED AND
SMALL GRAIN, THERE 1S A COMBINATION STORE AND
POST OFFICE AT RALPH, THE AREA'S ONLY SETTLE-
MENT. NUMEROUS COUNTY AND TOWNSHIP ROADS MAKE
THE AREA ACCESSIBLE.
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G IANNONATTI

STRAT IGRAPHY

FORMATIONS RANGING IN AGE FROM LATE CRE-
TACEOUS TO RECENT ARE EXPOSED AT THE SURFACE,
BoTH THE PALEOCENE LupLow AND CANNONBALL FOR-
MATIONS ARE COMPLETELY EXPOSED. THE CRETACEOUS
HELL CREEK STRATA ARE MOSTLY COVERED BY LATER
DEPOSITS AND THE PALEOCENE TONGUE RIVER BEDS
HAVE BEEN PARTLY ERODED. CONTACTS BETWEEN THE
ABOVE FORMATIONS ARE CONFORMABLE, BUT THEY
UNDERLIE THE QUATERNARY DEPOSITS WITH A MARKED
UNCONFORMITY.

Hery CREEK FORMATION BRown 1907. Scat-
TERED EXPOSURES OF THI!S FORMAT ION ARE RESTRICTED
TO AN AREA OF ABOUT 200 ACRES ALONG Ri1G NASTY
CREEK IN THE SOUTHEASTERN CORNER OF THE MAP,
THE STRATA CONSIST OF 25+ FEET OF INTERBEDDED
HILLEN DULL GREY TO BROWN CLAYS, SILTS, AND BENTONITIC
FACIES CLAYS WITH OCCASIONAL WHITE MEDIUM GRAINED
- SUBGRAYWACKE SANDS,

LupLow FormMaTiON LrLovp Anp Hares 1915,
OUTCROPS OF THE FORMATION ARE SCATTERED OVER
THE SOUTHWEST HALF OF THE MAPPED AREA AND ALONG
THE NORTHERN EDGE,

THE FORMATION 1S A SERIES OF INTERLENSING
SANDY SEDIMENTS CHARACTERIZED BY THREE LIGNITIC
FACIES., |IT IS DOMINANTLY CROSS-BEDDED, LOCALLY
RIPPLE=MARKED, WHITE TO BUFF, FINE TO MEDIUM
GRAINED SUBGRAYWACKE SAND AND SILTY SAND WITH
INTERLENS ING BROWN TO GREY CLAY, SILTY CLAY,
AND FISSILE SILTSTONES. THERE ARE SCATTERED
ORANGE RED LIMONITIC CONCRETICONS THROUGHOUT
THE 122-248 FEET OF STRATA.

AT THE BASE OF THE FORMATION 15 THE SHADE-
HILL LIGNITIC FACISS: ABOUT 25 FEET OF INTER-
BEDDED BUFF FINE SUBGRAYWACKE SAND; BUFF, BROWN
= TO GRAY CLAY AND SILT} BROWN PEAT=-CLAY; AND
SHADEHILL SEVERAL SEAMS OF BLACK FISSILE LIGNITE (8 To

96 INCHES THICK). SCATTERED THROUGHOUT THE
FACIES FACIES ARE SMALL NODULAR MASSES OF MELANTERITE.
AsouT 85 To 100 FEET ABOVE THE SHADEHILL
HELL FACIES 15 THE HILLEN LIGNITIC FACIES: INTER=-
CREEK LENS ING BUFF SUBGRAYWACKE SAND; BUFF, BROWN
FORMAT 10N TO GREY CLAY AND SILTSTONE; BROWN PEAT-CLAY;
AND SEVERAL SEAMS (I TO 90 INCHES THICK) OF
BLACK FISSILE TO BLOCKY LIGNITE, ALL CHARACTER=-
IZED BY NODULES OF MELANTERITE. THIS FACIEZS,
ABOUT 22 FEET THICK, CONTAINS THE Wipow CLARK SEAM OF WincHESTER (1916) AND
SearigHT (1930).

SEVENTY=FIVE FEET ABOVE THE HILLEN, JUST BELOW THE BASE OF THE TONGUE
RIVER FORMATION, 1S THE THIRD LUDLOW LIGNITE FACIES, THE GIANNONATTI: A
SERIES OF INTERLENSING BUFF TO GREY CLAY AND SANDY CLAY; BUFF FIiINE=GRAINED,
CROSS~BEDDED SUBGRAYWACKE SAND, BROWN PEAT=CLAY, AND SEVERAL SEAMS (9 To 68
INCHES THICK) OF BLACK BLOCKY TO FISSILE LIGNITE. THE FACIES IS ABOUT |5 To
25 FEET THICK AND MAY BE A CORRELATIVE OF THE BISON FACISS 35 MILES TO THE
easT (BoLiIn 1955).

THE LIGNITE SEAMS OF THE LUDLOW FORMATION ARE ALL CHARACTERIZED BY
OCCAS IONAL MARCASITE CONCRETIONS, MELANTERITE OR JAROSITE NODULES AND
SCATTERED SELENITE CRYSTALS.

CannonsALL ForMmaTiON Lrovyp 1914, IN THE EASTERN AND NORTH=CENTRAL PART
OF THE MAPPED AREA ARE SCATTERED FRAGMENTS OF THE DIAGNOSTIC ROUNDED CON-
CRETIONS OF THE CANNONBALL FORMATION. THESE SMALL TO MEDIUM=S1ZED (3 INCHES
TO SEVERAL FEET), LIGHT TO DARK GREY, DENSE TO FINE=-GRAINED L IMESTONE CON-
CRETIONS ARE IMBEDDED IN A BUFF TO LIGHT GREY CLAYEY LAMINATED SUBGRAYWACKE
SAND, SILTY SAND, AND SILTY OR SANDY CLAY. OCCASIONALLY THERE ARE CALCAREOUS
SUBGRAYWACKE SANDSTONE LEDGES OR CEMENTATIONS. SOME OF THE CONCRETIONS CON-
TAIN A MARINE FAUNA OF SMALL PELECYPODS AND GASTROPODS.

THE FORMATION, WHICH IS ABOUT 95 FEET THICK TO THE EAST AND P INCHES OUT
IN THE NORTHWESTERN PART OF THE QUADRANGLE, INTERFINGERS WITH THE UPPER PART
OF THE LUDLOW FORMATION.
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Tonue RiIvER FormaTioN (TAFF 1909). OUTCROPS OF THE SANDSTONES MAK ING
UP THE FORMATION ARE FOUND IN THE UPLAND AREAS IN THE NORTHWEST AND EAST=-
CENTRAL PARTS OF THE MAPPED AREA AND SCATTERED BUTTES AND MESAS IN THE SOUTH
HALF OF THE QUADRANGLE. LOCALLY IT MAY FORM CLIFFED BUTTES AND MESAS.

THE FORMATION, ABOUT 220 FEET THICK, 15 DOMINANTLY SANDY, BEING CHAR-
ACTERIZED BY A LOCAL MASSIVE CLIFF FORMING, CROSS-BEDDED, BUFF TO GREY,
MED IUM=GRAINED CALCAREOUS SUBGRAYWACKE SANDSTONE WHICH MAY OCCASIONALLY SHOW
WELL DEVELOPED CURRENT RIPPLES (INDEX-10). BELOW THIS SANDSTONE ARE INTER-
BEDDED AND LENS|NG BUFF TO GREY, MEDIUM TO FINE GRAINED SUBGRAYWACKE SAND,
CLAYEY SAND, AND SILT WITH LENTICULAR CALCAREOUS CEMENTATIONS; TAN, BUFF TO
LIGHT CREAM CLAYEY SILT, CLAY, AND BENTONITIC CLAY; 2 TO 5 INCH SEAMS OF
BLACK FISSILE LIGNITE AND THE LODGEPOLE LIGNITIC FACIES. THE LODGEPOLE
FACIES WHICH LIES ABOUT |10 FEET ABOVE THE BASE OF THE FORMATION CONSISTS OF
ABOUT 25 FEET OF INTERLENSING BUFF TO GREY CLAY, AND SANDY CLAY; TAN TO
BROWN FINE SUBGRAYWACKE SAND; BROWN PEAT-CLAY; BLACK LIGNITIC=CLAY; AND
SCATTERED SEAMS (2 To 50 INCHES THICK) OF BLACK BLOCKY TO FISSILE LIGNITE.

TERRACE DEPOSITS, ALONG THE NORTH FORK GRAND RIVER 1S A TERRACE CAPPED
BY UP TO 4 FEET OF COARSE SAND AND GRIT WITH LENSES OF PEBBLE CONGLOMERATE,
ALL VERY CROSS-BEDDED. AT LEAST 50% OF THE MATERIAL 1S LOCAL IN ORIGIN.

DEPOSITS. ON THE SOUTHEASTERN EDGE OF THE MAPPED AREA THERE IS

A SMALL AREA OF GRASSED=OVER SAND DUNES. THE DUNES ARE LESS THAN |2 FEET IN
HE IGHT AND GENERALLY SMALL. THE SAND IS MEDIUM TO FINE GRAINED, ROUNDED AND
FROSTED.

MAPPED AS ALLUVIUM ARE RECENT ACCUMULATIONS OF SILT, SAND AND GRAVEL IN
THE VALLEYS OF THE MAJOR RIVERS AND STREAMS.

STRUCTURE

THE RALPH QUADRANGLE LIES ON THE SOUTHWEST FLANK OF THE DakoTa (WiLL1s-
TON) BASIN AND 15 CHARACTERIZED BY A REGIONAL DIP OF |0 FEET PER MILE.
MINOR FAULTS AND SHALLOW FOLDS (AMPLITUDE AND DISPLACEMENT LESS THAN 20 FEET)
ARE PRESENT, BUT HAVE NO PERSISTENT STRIXE.

ECONOMIC GEOLOGY

AT THE PRESENT TIME THERE 1S NO EXPLOITATION OF MINERAL RESOURCES, BUT
IN THE EARLY 1900'S CONSIDERABLE MINING OF LIGNITE WAS DONE, PRIMARILY FOR
LOCAL CONSUMPTION. ADDITIONAL LIGNITE MINING ON A LOCAL SCALE WAS DONE
DURING THE 1930's., A SMALL GRAVEL DEPOSIT ALONG THE NORTH FORK GRAND RIVER
HAS COMMERCIAL POTENTIALITIES.

COAL: ALL OF THE LIGNITIC HORIZONS IN THIS AREA, THE SHADEHILL, HILLEN, AND
GI1ANNONATTI FACIES OF THE LUDLOW FORMATION AND THE LODGEPOLE FACIES OF THE
ToONGUE RIVER FORMATION CONTAIN MINEABLE SEAMS,

SHADEAILL FACIES: MINEABLE SEAMS RANGE FROM 30 TO 96 INCHES IN THICKNESS.
THE LIGNITE 1S BLACK IN COLOR WITH A BROWNISH-BLACK STREAK, BRITTLE, BANDED,
FISSILE, AND LOCALLY BLOCKY. |T CONTAINS OCCASIONAL CRYSTALS OF SELENITE,
BALLS OF MARCASITE, AND STREAKS OF MELANTERITE, THE LIGNITE IS NON=-COK ING
AND SLACKS UPON DRYING (INCREASING THE B.T.U. CONTENT). TONNAGE ESTIVATES
FOR THE SHADEHILL LIGNITES ARE SHOWN IN TABLE 2. ROOF ROCK AND FLOOR ARE
EITHER CLAY OR SAND,

HILLEN FACIES: THE COMMERCIAL SEAMS RANGE IN THICKNESS FRoM 30 To 90
INCHES, THE HILLEN LIGNITES HAVE THE SAME GENERAL PHYSICAL CHARACTERISTICS
AS THE SHADEHILL LIGNITES (SEE ABOVE). TABLE 2 GIVES THE TONNAGE ESTIMATES
OF THIS LIGNITE. ROOF_ROCK IS USUALLY SAND, BUT MAY BE CLAY WHILE THE FLOOR
IS PEAT=CLAY OR CLAY.

GIANNONATTI FACIES: THERE ARE TWO MINEABLE SEAMS VARYING IN THICKNESS
FROM 30 TOo 68 INCHES. THESE LIGNITES HAVE THE SAME GENERAL PHYSICAL
CHARACTERISTICS AS THE SHADEHILL LIGNITES (SEE ABOVE). TONNAGE ESTIMATES
ARE GIVEN IN TABLE 2. THE ROOF ROCK 1S USUALLY PEAT=CLAY OR SAND AND THE
FLOOR IS PEAT-CLAY.

No LUDLOW COALS WERE ANALYZED FROM THIS AREA, BUT ANALYSES FROM THE
ADJACENT QUADRANGLES, LUDLOW TO THE WEST AND ELLINGSON TO THE EAST HAVE
BEEN PUBLISHED (STEVENSON 1956A, 19568).

LODGEPOLE LIGNITES: THERE 1S ONE MINEABLE SEAM, 30 To 50 INCHES THICK.
THE LIGNITE 1S BLACK IN COLOR, BROWNISH-BLACK IN STREAK, BRITTLE, BLOCKY OR
FISSILE AND LIKE THE LUDLOW LIGNITES IT CONTAINS SMALL QUANTITIES OF MELAN-
TERITE OR JAROSITE, SELENITE AND MARCASITE. |IT 1S NON=-COKING AND SLACKS
UPON DRYING., A PROXIMATE ANALYS|S OF THIS LIGNITE IS SHOWN IN TABLE |.
TONNAGE ESTIMATES FOR THE LODGEPOLE LIGNITE IN THE RALPH QUADRANGLE ARE
GIVEN IN TABLE 2. THE ROOF-ROCK IS SILT, CLAY OR SAND, AND LOCALLY AN IRON-
STONE CONCRETIONARY ZONE, THE FLOOR IS SAND OR CLAY.

TABLE | PrROXIMATE ANALYSES OF LIGNITE

CoaL Sec. | Tps. |RGe. |MoisTure [VoLATILE|FIXED | ASH [SuLFurR|B.T.uU.
MATTER |CARBON
ODGEPOLE* 19 122N, | O9E.| 43,7 5] P 10,2 114,41 1,5 13,891

*  ANALYSES BY STATE CHEMICAL LASORATORY, VERMILLION, S.D.

TABLE 2 LiGNITE ToNNAGE ESTIMATES IN SHORT TONS

ISTRICT* SHADEHILL HILLEN GIANNONATT | LODGEPOLE ToTaL
VESSEY 11,940,000 11,940,000
LODGE 530,000 530,00
AMES 2,404,000 4,270,000 6,674,000
CLARK 1,612,000 368,000 1,981,000
RALPH 6,056,000 2,683,000 3,007,000 11,746,000

TAL 8,460,000 | 20,505,000 3,376,000 530,000 |[32,871,000
* See Fie. I.

Fig. | IN MOST OF THE LIGNITE AREAS, THE OVER=-

BURDEN 1S SUCH THAT STRIP MINING METHODS MAY
BE USED IN REMOVING THE COAL; HOWEVER IN

SOME INSTANCES IN THE CASE OF THE GIANNONATTI
AND LODGEPOLE LIGNITES WHERE THE OVERBURDEN
IS THICK AND PARTIALLY SANDSTONE, UNDERGROUND
MINING MAY BE NECESSARY.

SAND AND GRAVEL: SAND AND GRAVEL BARS IN
THE NOoRTH FORK GRAND RIVER AND SOME OF THE
ADJACENT TERRACE DEPOSITS COULD BE UTILIZED
FOR ROAD SURFACING AND SOME CONCRETE AGGRE-
GATES IF SIZED AND WASHED., THE ESTIMATED
VOLUME FOR THE TERRACE DEPOSIT IN SeEc. |9,
T23N., R9E., 1s 62,000 cuBIC YARDS.

INDEX MAP FOR LIGNITE
TONNAGE ESTIMATES

OlL AND GAS: THERE ARE NO VISIBLE SURFACE
STRUCTURES IN WHICH OIL AND GAS MIGHT ACCU-
MULATE, BUT BURIED STRUCTURES AS WELL AS
SEDIMENTARY TRAPS MAY EXIST AT DEPTH. THE
CLARK BEST HORIZONS FOR POSSIBLE PRODUCTION ARE
THE M1SS10N CANYON FORMATION (AT DEPTHS OF
ABOUT 7100 FEET) WHICH 1S PRODUCTIVE TO THE
NORTH IN NORTH DAKOTA AND THE ORDOVICIAN RED
RIVER FORMATION (AT DEPTHS OF ABOUT 8900 FEET) WHICH IS PRODUCTIVE IN THE
SoutH Cave HiLLs (CusTER) FIELD 8% MILES WEST OF THIS QUADRANGLE.
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