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AREAL GEOLOGY

OF THE MEADOW QUADRANGLE
By

Edward J. Bolin

I NTRODUCT ION

THE QUADRANGLE WAS MAPPED DURING THE SUMMER OF 1953 AS PART OF THE STATE
GEOLOG ICAL SURVEY'S COAL RESOURCES PROGRAM, THE COAT-TEST HOLES WERE DRILLED
IN JunNE OF 1954,

LOCATION

THE QUADRANGLE OCCUPIES THE EAST-CENTRAL PORTION OF PERKINS COUNTY AND
IS ABOUT |13 MILES SOUTH OF LEMMON. |T INCLUDES AN AREA OF APPROXIMATELY 210
SQUARE MILES, AND IS BOUNDED BY PARALLELS 45030' anp 45045' NORTH LATITUDE AND
MERIDIANS 102000' AnD 102915' WEST LONGITUDE.

GEOGRAPHY

THE AREA 1S A REGION OF ROLLING PRAIRIE AND PRECIPITOUS BADLANDS INTERRUP-
TED ALONG THE NORTH EDGE OF THE QUADRANGLE BY THE SHARP VALLEY OF THE GRAND
RivER. MOST OF THE QUADRANGLE 1S DRAINED BY NORTH AND NORTHEAST FLOWING TRIBU=
TARIES TO THE GRAND, BUT THE DRAINAGE OF THE SOUTHEASTERN PORTION 1S EASTWARD
To BLAck Horse BuTTE CREEK WHICH ANGLES NORTH AND JOINS THE GRAND ABOUT |5 MILES
EAST OF THE OQUADRANGLE, THE WESTERN HALF TO TWO=THIRDS OF THE OUADRANGLE IS
LARGELY AN AREA OF ROLLING MEADOW LANDS IN WHICH FEW UNCULTIVATED TRACTS REMAIN.
To THE EAST THE SURFACE FEATURES BECOME MUCH ROUGHER, LITTLE OF THE LAND 1S
SUITABLE FOR CULTIVATION, AND TYPICAL BADLANDS HAVE BEEN DEVELOPED ON A SMALL
SCALE BY RECENT EROSION IN THE NORTHEASTERN PART OF THE AREA., THESE SURFACE
FEATURES ARE CONTROLLED BY THE BEDROCK. THE LUDLOW FORMATION 1S AT THE SURFACE
IN THE MEADOW LANDS AND THE HELL CREEK IN THE ROUGHER AREAS TO THE EAST.

IN THE SEZ Sec. 34, T.20 N., Rel17 E., AND THE NORTHERN HALF OF Sec. 4, T.I9N.
R. 17 E., ARE SMALL AREAS REFERRED TO BY THE LOCAL INHABITANTS AS ''SOAP HOLES'".
THESE ARE PLACES WHERE AN IMPERMEABLE LAYER SOME DEPTH BELOW THE SURFACE PREVENTS
THE DOWNWARD MIGRATION OF GROUND WATER. AS A RESULT THE HIGHLY BENTONITIC CLAYS
AND SILTS OF THE HeLL CREEK ARE EXTREMELY MOIST AND BEHAVE MUCH LIKE QUICKSAND,
THESE SMALL AREAS HAVE A THIN CRUST OF HARD, DRIED BENTONITIC CLAY OVER THEM,
EXCEPT IMMEDIATELY AFTER HEAVY RAINFALLS, AND ARE EXTREMELY TREACHEROUS TO LIVE=-
STOCK AND EVEN TO PEOPLE UNFAMILIAR WITH THE TERRITORY.

THE HIGHEST ALTITUDE IN THE QUADRANGLE 1S 2,708 FEET ABOVE SEA LEVEL AT
TRIANGULATION STATION WHITNEY IN THE SWZ, Sec. 13, T. 19 N., R. |6 E., AND THE
LOWEST ALTITUDE 1S ABOUT 2,.160 FEET ABOVE SEA LEVEL AT THE GRAND RIVER IN THE
NORTHEAST CORNER. THE TOTAL RELIEF IS NEARLY 550 FEET.

THE QUADRANGLE LIES IN A SEMI=ARID REGION OF VERY SPARSE POPULATION. WHERE
THE LUDLOW FORMATION FORMS THE BEDROCK DRY LAND FARMING 1S MODERATELY SUCCESS=—
FUL, BUT TO THE EAST WHERE THE HELL CREEK 1S EXPOSED AT THE SURFACE MOST OF THE
LAND 1S SUITABLE ONLY FOR GRAZING, AND THAT ON A VERY LIMITED SCALE IN MUCH OF
THE AREA. MUCH OF THE LAND IN THE NORTHWESTERN PORTION OF THE QUADRANGLE 1S
GOVERNMENT PASTURE LAND, AND AS A RESULT 1S UNPOPULATED AND LIGHTLY GRAZED.

THE SMALL TOWN OF MEADOW NEAR THE SOUTH=-
WESTERN CORNER OF THE QUADRANGLE IS THE ONLY
SETTLEMENT IN THE AREA. THE NEAREST RAILROAD
PASSES THROUGH LEMMON TO THE NORTH. STATE HIGH=-
WAY 73 RUNS THE ENTIRE LENGTH OF THE QUADRANGLE,
AND STATE HIGHWAY 3 GOES WEST THROUGH MeADpDOw FROM
ITS JUNCTION WITH 73. SECTION LINE ROADS ARE
COMMON IN THE MEADOW LANDS, BUT THE GOVERNMENT
PASTURE LANDS AND ROUGH AREAS TO THE EAST ARE AC-
CESSIBLE ONLY IN PART BY AUTOMOBILE.

STRAT IGRAPHY

THe Upper HeLL Zreex, (UPPER CRETACEOUS AGE),
AND LupLow FORMATION, (PALEOCENE AGE),FORM THE
BEDROCK OF THE ENTIRE REGION., PLEISTOCENE TER-
RACE DEPOSITS AND PLEISTOCENE=RECENT LOESS AND
ALLUVIUM ARE FOUND IN THE VALLEY OF THE GRAND
RIVER.

UpPER HELL CREEK, HELL CREEK FORMATION
(BrowN 1907). THE UpPER HELL CREEK FORMS THE BED-
ROCK OF MUCH OF THE EASTERN HALF OF THE QUADRAN-
GLE AND 1S EXPOSED IN THE VALLEYS OF THE GRAND
RIVER AND ITS MAJOR TRIBUTARIES THROUGHOUT THE
AREA. FROM 70 TO |25 FEET OF THE UNIT IS EX-
POSED, I|HE SECTION INCREASES IN THICKNESS TO THE
EAST ALONG THE NORTH EDGE OF THE QUADRANGLE. |IT
CONSISTS PRINCIPALLY OF LIGHT TO DARK GRAY BEN=
TONITIC CLAY AND ARGILLACEOUS SILT. THESE SEDI~-
MENTS SHOW RAPID LATERAL VARIATIONS IN COLOR AND
TEXTURE, AND AS A RESULT IT IS IMPOSSIBLE TO GET
A GOOD REPRESENTATIVE SECTION OF THE UNIT AT ANY
ONE PLACE. MOST EXPOSURES SHOW THE TYPICAL ''som-
BER'" COLORS OF THE HELL CREEK, BUT AT PLACES
ALONG THE GRAND RIVER AND ITS TRIBUTARIES IN THE
NORTHEASTERN PORTION OF THE QUADRANGLE BUFF TO
YELLOW CHANNEL SANDS UP TO 50 FEET OR MORE IN
THICKNESS OCCUR NEAR THE BASE OF THE EXPOSED
SECTION, LENTICULAR COAL BEDS ARE COMMON IN THE
UPPER PART OF THE UNIT, BUT THESE GRADE LATERALLY
INTO PEAT=CLAY, ''BLACKJACK,' AND DARK GRAY CLAY.
SOME OF THESE COALS REACH A THICKNESS OF MORE
THAN TWO FEET. HORIZONS OF LARGE, FLATTENED CAL=-
CAREOUS CEMENTATIONS IN THE UPPER PART OF THE
UNIT FORM DISCONTINUOUS LEDGES IN STEEP EXPOSURES
ALONG THE GRAND RIVER AND ITS LARGER TRIBUTARIES,
CONCRETIONS OF MANGANESE=IRON AND L IMONITE ARE
ABUNDANT LOCALLY, PARTICULARLY IN THE NORTHEAST=-
ERN QUARTER OF THE OUADRANGLE.

LupLow FormaTion (LLoyp AnD HARES 1915).
THE CONTACT BETWEEN THE UPPER HELL TREEK UNIT AND
LupLOwW FORMATION 1S PLACED AT THE BASE OF THE LOW=-
EST COAL BED OR ASSOCIATED LITHOLOGY IN THE SHADE-
HILL FACIES. NUMEROUS COALS OCCUR IN THE UPPER
PART OF THE UPPER HELL CREEK BUT THESE ARE EX-
TREMELY LENTICULAR IN CONTRAST TO THE MORE PERSIS-—
TANT NATURE OF THOSE IN THE BASAL LupLow. \HERE
THE SHADEHILL FACIES IS ABSENT THE CONTACT WAS
PLACED AT A VERY DISTINCTIVE COLOR CHANGE FROM
THE '"SOMBER'' HUES OF THE HELL CSREEK TO THE MORE

BRILLIANT BUFF TO YELLOW COLOR OF THE LUDLOW SANDS
AND SILTS. IN AREAS WHERE THE RELIEF IS GENTLE

GENERALIZED COLUMNAR SECTION
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AND VEGETATION OBSCURES THE BEDROCK, THE CONTACT WAS EXTENDED SOMEWHAT ARBITRAR=
ILY ON THE BASIS OF SMALL SCATTERED EXPOSURES AND TOPOGRAPHY.

THE LUDLOW HAS A MAXIMUM THICKNESS OF ABOUT 250 FEET IN THE AREA. THE UP-
PER PART 1S ABSENT DUE TO NON-DEPOSITION OR MORE LIKELY TO EROSION.
THE SHADEHILL COAL FACIES ATTAINS A THICKNESS OF 35 FEET IN THE AREA AND

INCLUDES FROM ZERO TO FIVE THIN COALS. THE THICKEST INDIVIDUAL COAL BED MEASURED
WAS 30 INCHES IN THE Ni4 Sec. 36, T. 2IN.,R 15E., BUT A 42-INCH SEAM WAS PENE-
TRATED IN A TEST HOLE NEAR THE CENTER ofF Sec. 10, T.I8N., R.I6E. MUCH GRAY CLAY,
PEAT CLAY, "BLACKJACK'", AND IN PLACES ARGILLACEOUS SILT IS ASSOCIATED WITH THE
COAL

BETWEEN THE SHADEHILL AND HILLEN FACIES
LIGHT BROWN, AND LIGHT GRAY SAND AND SILT. OSOME GRAY FLAKY CLAY IS ADMIXED WITH
THE SANDS AND SILTS AT PLACES, AND A THIN, LEDGE=-FORMING, MICACEOUS, CALCAREOUS,
SANDSTONE OCCURS NEAR THE TOP. DCEMENTATIONS, SOME VERY LARGE, ARE COMMON IN THE
SANDS, AND LIMONITE CONCRETIONS ARE QUITE ABUNDANT. THE UPPER FEW INCHES FRE=
QUENTLY CONTAIN PLANT REMAINS,

THE HILLEN COAL FACIES 1S REPRESENTED BY A VERY THIN UNIT IN THIS AREA AND
NOWHERE INCLUDES MORE THAN ONE COAL BED. THIS COAL REACHES A MAXIMUM THICKNESS
OF |7 INCHES. |T 1S DOUBTFUL IF THIS FACIES IS PRESENT THROUGHOUT THE AREA, AS
COAL WAS FOUND AT ONLY THREE PLACES IN THE QUADRANGLE AT THIS HORIZON.

OVERLY ING THE HILLEN FACIES 1S UP TC |50 FEET OF BUFF TO YELLOW SAND AND
SILT. SOME SILTY CLAY IS FOUND IN THE LOWER PART, AND THIN, LEDGE-FORMING CAL-
CAREOUS SANDSTONES OCCUR AT IRREGULAR INTERVALS. A LEDGE-FORMING SANDSTONE ABOUT
50 FEET BELOW THE TOP CONTAINS SCATTERED, FLATTENED LENSES OF GRAY LIMESTONE. LiI-
MONITE CONCRETIONS AND CALCAREOUS CEMENTATIONS ARE A PROMINENT FEATURE IN THE
UPPER 25 FEET OF THE EXPOSED LupLOw,

TERRACE DEPDSITS: SMALL SCATTERED TERRACES LIE 30 TO 45 FEET ABOVE THE
GRAND RIVER ALONG THE NORTHERN EDGE OF THE QUADRANGLE. |N ADDITION, A LARGE TER-
RACE ON THE NORTH SIDE OF THE GRAND IN T.2IN,, R.I7E., LIES PARTIALLY IN THIS
ODUADRANGLE AND EXTENDS INTO THOSE TO THE NORTH AND EAST. THIS TERRACE RISES
ABRUPTLY 75 To 100 FEET ABOVE THE RIVER. THE TERRACES HAVE A THIN COVER OF AL-
LUVIUM OR LOESS, BENEATH WHICH 1S UP TO TWO AND ONE=-HALF FEET OF VERY POORLY

SORTED CONGLOMERATIC GRAVEL.
STRUCTURE

THE STRATA OF THE AREA SHOW A GENTLE NORTH DIP INTO THE DAKOTA (WiLL1STON)
BASIN. THE DIP IS ABOUT |5 FEET PER MILE IN THE SOUTHERN PART OF THE QUADRANGLE
AND INCREASES SLIGHTLY TO 20 TO 25 FEET PER MILE TO THE NORTH. IMINOR FOLDS AND
FAULTS WITH DISPLACEMENTS OF 20 FEET OR LESS ARE SUPERIMPOSED ON THIS REGIONAL
STRUCTURE.

1S 50 To A0 FEET OF BUFF=YELLOW,

ECONOMIC GEOLOGY

No MINERAL PRODUCTS ARE BEING EXPLOITED IN THIS AREA AT THE PRESENT TIME.
COAL WAS MINED AT SEVERAL LOCALITIES IN THE €ARLY 1900's AND DURING THE "DEPRES=
SI1ON" OF THE THIRTIES, AND TWO LOCALITIES SHOW POSSIBILITIES OF FURTHER DEVELOP=
MENT. GRAVELS ON TERRACES ALONG THE GRAND RIVER COULD BE USED FOR ROAD METAL,
AND VAST QUANTITIES OF BENTUNITIC CLAY ARE FOUND IN THE rELL UKEEK.

COAL

Two COAL HORIZONS ARFE FNUND IN THE LunLow FORMAT|INN, AND THE UPPER PART OF
THE UpperR HellL CREEK CONTAINS NUMEROUS THIN, LENTICULAR COAL BEDS. HOWEVER, THE
SHADEHILL FACIES CONTAINS THE ONLY COAL OF POTENTIAL COMMERCIAL VALUE IN THE AREA.

IN Secs. 35 anp 36, T. 2IN., R.I5E:, OUTCROP AND DRILL HOLE DATA INDICATE A
RESERVE 0OF ABoOUT 510,000 TONS OF COAL. A THREE=FOOT BED OF COAL WAS PENETRATED
IN A DRILL HOLE, AND AT THE OUTCROP THERE ARE THREE SEAMS TOTALING FIVE AND ONE-
HALF FEET., THE OVERBURDEN INCREASES QUITE RAPIDLY IN THICKNESS SOUTHWARD FROM
THE OUTCROP TO A MAXIMUM OF ABOUT 30 FEET. ALTHOUGH THIS OVERBURDEN IS CHIEFLY
SOFT SANDS AND CLAYS WHICH COULD BE EASILY REMOVED, THE EXCESSIVE THICKNESS WOULD
BE A DETRIMENTAL FACTOR TO ANY FUTURE MINING OPERATIONS IN THIS AREA,.

IN Sec. 10, T.I18N., R.I16 E., DRILL=HOLE DATA SHOWS A THREE AND ONE=HALF FOOT
BED OF SHADEHILL COAL, WITH ESTIMATED RESERVES OF 428,400 TONS IN THE AREA. THE
COAL LIES BENEATH ABOUT 20 FEET OF SOFT CLAY WHICH COULD BE EASILY REMOVED IN
STRIP=MINING OPERATIONS. ABOUT ONE=HALF MILE SOUTH OF THE DRILL HOLE, AT THE
ABANDONES COOKE MINE, THREE SHADEHILL CcoALS, |4, 26, AND 20 INCHES THICK,ARE
SEPARATED BY ONE AND ONE-HALF FEET OF SAND AND NINE FEET OF CLAY RESPECTIVELY.

THE COALS IN THE SHADEHILL FACIES OF THIS AREA ARE BLACK, HARD, BRITTLE,
HOR |1 ZONTALLY LAMINATED, AND VERTICALLY JOINTED, TABLE | SHOWS THE PROXIMATE
;HEZFGAL ANALYSIS OF THE 26=INCH SEAM OF COAL AT THE Cooke '"Mine IN Sec. 10, T.I8N,

II El

TOTAL COAL RESERVES OF POTENTIAL COMMERCIAL VALUE IN THE SHADEHILL FACIES OF
THIS QUADRANGLE ARE ESTIMATED To BE 933,400 Tons (TABLE 2). THIS REPRESENTS MEA-
SURED RESERVES, WITHIN 0,5 MILE FROM OUTCROP OR DRILL HOLE, AND 1S BASED ON A
MINIMUM THICKNESS OF TWO AND ONE-HALF FEET, SPECIFIC GRAVITY ofF 1,25, Anp 1,700
TANS TO THE ACRF=FNOT.

TABLE |
LocaTION MoisTurRe | VoL.MATTER | FIXED AsH SULPHUR B.T.U. DRY B.T.U.
CARBON
CookE MINE 39,84% 27.65% 16,09% | 16.42% | 0.39% 4,400 7,314
TABLE 2
SECTIONS Twe. N. RGEs E. Ave. CoAaL THICKNESS|] ToNS
10 18 16 3! 428,400
35, 36 2\ 15 23! 510,000
GRAVEL

THE PORTIONS OF THE LARGE TERRACE ON THE NORTH SIDE OF THE GRAND RIVER IN
T. 2IN., R.I7E., WHICH LIE IN THIS OUADRANGLE, CONTAIN AN ESTIMATED 2,303,839
CUBIC YARDS OF GRAVEL., THE DISTRIBUTION OF THIS GRAVEL IN THE AREA IS SHOWN ON
TABLE 3. THE GRAVEL 1S5 COARSE AND CONGLOMERATIC, AND CONSISTS PRINCIPALLY OF CON-
CRETION FRAGMENTS, CHERT, AND SANDSTONE OF LOCAL DERIVATION, THIS COULD BE DE-
VELOPED FOR RODAD SURFACING ALTHOUGH THE GRAVEL |S NOWHERE MORE THAN TWO AND ONE=-
HALF FEET THICK IN THIS AREA.

THE OTHER TERRACES ALONG THE GRAND RIVER IN THE AREA ARE SO SMALL, AND THE
GRAVELS ARE SO THIN, THAT ANY DEVELOPMENT OF THEM IS UNL IKELY.

TABLE 3
SECTIONS Twe. N. Ree. E. ACRES AVE. THICKNESS | CuBIC YARDS
29, 30, 31 21 17 138 27 445,280
28,29 21 17 40 27 125,066
27,28,33,34 21 I 536 2! 1,729,493
CLAY

THE UPPER HELL CREEK UNIT CONTAINS MUCH HIGHLY BENTONITIC CLAY WHICH IS
PERVIOUS AND PROVIDES EXCELLENT MATERIAL FOR THE CONSTRUCTION AND REPAIR OF
STOCK DAMS,
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