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Alluvium

(Volley-bottom deposits of
clay, silt, sand, and grovel
in present streams.)
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Older Alluvium

(Alluvial terrace deposits
above present floodplain )
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Terrace Gravel

(Terroce deposits of sand
and grovel 5-20' thick )
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Chadron Formation
(Pale greenish gray silica-
cemented conglomerate and
grit caps 9 buttes )

Ludlow Formation

(Buff-gray fine-groined sand-
stone, sand, and interbeds of
cloy shole ond silt. Brown
lominae of plant debris locally
abundant. Tplsc--Scotch Cap
sandstone: Top sondstone is
butf-brown limonitic stained,
massive, ripple marked. Med-
ium gray, dense, fine-grained
limestone occasionally found
overlying basal buff 1o brown
lime-cemented sandstone.
Tplh-Hillen coal: | coal bed,
1/2"-1 172" thick, black, blocky,
iron-stained. Thin, 1°-2", dis-
continuous coals, "blockjock”,
peat-clays, and meianterite
associated. Tpils-Shadehill
coal: 3 thin coal, 5°11/2'
thick. “Blackjack’, peat-ciays,
melanterite, and selenite
gypsum associated. Cools
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AREAL GEOLOGY OF THE CHANCE QUADRANGLE
Richardai.Hoppin

LOCATION

THE QUADRANGLE 1S SITUATED IN PERKINS COUNTY, |4 MILES SOUTH OF BISON ?ND
ABOUT 30 MILES SOUTH=-SOUTHWEST OF LEMMON. |T LIES BETWEEN PARALLELS 45015
AND 45030' NORTH LATITUDE AND MERIDIANS 102015 AND 102030' WEST LONGITUDE

AND INCLUDES AN AREA OF APPROXIMATELY 210 SQUARE MILES.,

TOPOGRAPHY AND DRAINAGE

THE DRAINAGE SYSTEM 1S DIVIDED ABOUT EQUALLY BETWEEN THUNDER BUTTE CREEK
IN THE NORTHEAST HALF AND RABBIT CREEK IN THE SOUTHWEST. RABBIT CREEK AND
ITS MAIN TRIBUTARY, ANTELOPE CREEK, HAVE VERY MEANDERING COURSES AND FLOW IN
VALLEYS HAVING STEEP WALLS UP TO 150" HIGH. LOCALLY, THE VALLEYS ARE A MILE
WIDE., THE VALLEYS ARE FILLED WITH ALLUVIUM FOR THE MOST PART, BUT BEDROCK
IS EXPOSED IN A FEW PLACES AT THE SURFACE., THUNDER BUTTE CREEK ALSO FOLLOWS
A TORTUOUS COURSE, BUT ITS BANKS ARE RARELY OVER 20 FEET HIGH AND IT HAS MUCH
LESS ALLUVIAL FILL.

THE DIVIDE BETWEEN THE TWO DRAINAGE SYSTEMS AVERAGES ABOUT 2,775 FEET AL-
TITUDE ABOVE SEA LEVEL. WHERE THE DIVIDE IS CAPPED BY RESISTANT SANDSTONE,
THE SOUTH SLOPES ARE DEEPLY CUT BY GULLIES AND A LINE OF CLIFFS 150=200 FEET
H1GH FORMS A PROMINENT TOPOGRAPHIC FEATURE,

THE DRAINAGE PATTERN IS DENDRITIC AND
FAIRLY DENSE. THE STREAMS ARE INTERMITTENT
ALTHOUGH RABBIT CREEK MAY MAINTAIN A FLOW IN
WET YEARS.

THE SOUTH AND SOUTHWEST PARTS OF THE AREA
ARE GENTLY ROLLING AND AVERAGE ABOUT 2,500
FEET IN ALTITUDE WITH A RELIEF OF 50=100 FEET.
SEVERAL RIDGES AND BUTTES RISE ABOVE THE AVER-

o s a. —a)\ CHADRON —— AGE SURFACE TO HEIGHTS OF 200-300 FeeT. THE
e Y FORMAT 10N EAST AND CENTRAL PORTIONS ARE DOMINATED BY
Y
+— FLAT-TOPPED MESAS AVERAGING 2,775-2,800 FEeeT

£ 4 e o IN ALTITUDE. NORTH OF THUNDER BUTTE CREEK 1§
A LINE OF CLIFFS 150-200 FEET ABOVE THE CREEK,

THE HIGHEST ALTITUDE IS 2,880 FEET ABOVE
SEA LEVEL ON A BUTTE IN SWi,NWi,Sec.13,T.15N.,
R<13E. THE LOWEST ALTITUDE IS ABOUT 2,300
FEET ABOVE SEA LEVEL IN RABBIT CREEK IN SEZ, Wi,
SEC.14,T.I5N.R.I5E. THE RELIEF IS APPROXIMATELY
580 FEET, AND THE AVERAGE ALTITUDE OF THE QUAD~-
RANGLE 1S ABOUT 2,590 FEET ABOVE SEA LEVEL.

STRAT | GRAPHY

THE OUTCROPPING STRATIGRAPHIC UNITS RANGE
IN AGE FROM UPPER CRETACEOUS TO RECENT. THE
MAJOR PORTION OF THE STRATIGRAPHIC SEQUENCE
CONSISTS OF THE HeELL CREex FormATION (UPPER
CRETACEOUS AGE) AND THE LUDLOW FORMATION
(PALEOCENE AGE). THE BASAL PORTION OF THE
CHaDRON (?) FORMATION OF THE WHITE RIVER GROUP
(OL 1GOCENE AGE) 1S THE CAPROCK OF SEVERAL
BUTTES. PLEISTOCENE GRAVEL TERRACES, PLEISTO-
CENE-RECENT ALLUVIAL TERRACES AND RECENT VALLEY
ALLUVIUM COMPLETE THE EXPOSED SEDIMENTATIONAL
RECORD

UPPER QELL CREEK, HELL CREEK FORMATION
(BRowN 1907).  ABOUT 400 FEET OF THIS UNIT ARE
EXPOSEDs |IT 1S COMPRISED OF INTERBEDDED AND
INTERLAMINATED BENTONITIC CLAY, SILT, AND SAND.
THE LIGHT TO DARK GRAY AND BLACK CLAY 1S GUMBO-
LIKE, SLIPPERY, AND PLASTIC WHEN WET BUT BE-
COMES SPONGY AND TOUGH ON DRYING. THIN BEDS
AND LAMINAE OF DARK BROWN CLAY-PEAT AND PEAT-
CLAY ARE COMMON., SAND AND SILT VARY IN COLOR
FROM ALL SHADES AND COMBINATIONS OF GRAY,
BROWN, AND YELLOW. STRATIFICATION DUE TO DIF-
FERENCES IN GRAIN SIZE AND COLOR 1S MARKED.
GRAIN SIZES VARY FROM MEDIUM=COARSE TO FINE.
CROSS-BEDDING 1S WELL DEVELOPED IN MANY PLACES.

IN A BANK ON THE EAST SIDE OF RABBIT CREEK
IN NN},SE%,SEG.34,T.I6N.,R.I4E.. 20 FEET ABOVE
THE STREAM, IS A THREE=FOOT BED OF COARSE SAND
WITH IRREGULAR LAYERS OF ''CONGLOMERATE". THE
PEBBLES ARE SOFT SILTY SAND AND CLAYEY SILT
AND RANGE IN SIZE FROM ONE INCH TO TWO FEET IN
DIAMETER. THEIR OUTER SURFACE IS A LAYER OF
COARSE SAND CEMENTED BY IRON AND MANGANESE,

THIS UNIT CONTAINS NO CONSPICUOUS COAL
BEDS. THE ONLY BED OF COAL OBSERVED WAS IN THE
SOUTHWEST CORNER OF THE AREA IN NW%,Sec.|8T.I5N.,
Rel4E. THE SEAM 1S ONLY SIX INCHES THICK AND
CONTAINS "BLACKJACK" AND PEAT=CLAY. ELSEWHERE,
BLACK, DULL AND SHINY COAL OGCURS AS FRAGMENTS
AVERAGING ONE=FOURTH INCH IN DIAMETER, OR AS
THIN LENSES SEVERAL INCHES LONG AND AN INCH OR
SO THICK. THESE ARE PRESENT IN ONLY A FEW HOR-
1ZONS.

CLAY 1RONSTONE, MANGANESE=-I1RON, CALCAREOUS,
AND MARCASITE CONCRETIONS ARE SCATTERED THROUGH=-
OUT.
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"DIKES" OF CALCAREOUS SANDSTONE ARE PRESENT
LOCALLY. THESE DIP AT HIGH ANGLES AND APPEAR TO
REPRESENT CEMENTATION ALONG JOINTS OR SHEAR
ZONES,

DisconTiINuOUS BEDS OF "“BLACKJACK" OCCUR
MAINLY IN THE UPPER PART OF THE UNIT. THERE
ARE SCATTERED OCCURRENCES OF DINOSAUR BONES.

RAPID VERTICAL AND LATERAL VARIATION IS
TYPICAL. THIS, COMBINED WITH THE LACK OF A CON=-
SISTENT COAL HORIZON, MAKES CORRELATION DIFFI-
CULT.

THIS UNIT ERODES TO TYPICAL BADLANDS TOPOG~
RAPHY IN MANY PARTS OF THE AREA.

LupLow rFormaTION (LLOYD AND HARES 1915).THE
CONTACT BETWEEN THE HeELL CReexk AND LupLOW FOR-
MATIONS IS DRAWN AT THE BASE OF THE LOWEST COAL
OR STRATA CORRELATED WITH IT. IN THE SOUTH HALF
oF SeC. 27, T.16N., R.I5E., FIVE FEET OF LAMIN=
ATED BROWN CLAY WITH LIGNITIC STREAKS, THIN
"BLACKJACK'" AND PEAT=CLAY WITH MELANTERITE STAIN
OCCUR BELOW A FIVE=INCH BED OF FLAGGY DARK BROWN
COAL. THIS COAL CHANGES TOWARDS THE SOUTH AND
EAST TO "BLACKJACK" AND PEAT=CLAY AND FINALLY TO
THIN BEDS OF PURPLE AND PINK CLAY SHALE. THE
UPPER PART OF THE FORMATION IS MISSING. ABOUT
200 FEET ARE EXPOSED. TO THE NORTHWEST, THREE

Z20==>»ZTP0™M

THIN BEDS OF COAL APPEAR, AND THESE FORM THE SHADEHILL COAL. THE UPPER HAS A MAX~-
IMUM THICKNESS OF ONE FOOT AND 1S BLACK AND BLOCKY WITH THIN PARTINGS OF BROWN
SILT. THE LOWER BEDS ARE ONLY A FEW INCHES THICK AND ARE QUITE IRREGULAR. |NTER-
BEDDED WITH THE COAL |S BROWN AND GRAY CLAY SHALE AND SILT WITH PLANT REMAINS.
THESE ARE SLIGHTLY BENTONITIC IN PLACES. THE SHADEHILL FACIES IS ONLY FIVE TO

I0 FEET THICK IN THE QUADRANGLE., SEVERAL SMALL OUTLIERS OF THE SHADEHILL FACIES
WITHOUT COAL APPEAR TO CAP SEVERAL BUTTES AND RIDGES IN THE SOUTH=CENTRAL AND
SOUTHWEST PARTS OF THE AREA. CALCAREOUS ZONES, MARCASITE CONCRETIONS, GYPSUM
CRYSTALS, AND PLANT REMAINS ARE COMMON.

ABouT |00 FEET OF GRAY AND BUFF, MEDIUM=- TO FINE=GRAINED SAND OVERLAYS THE
SHADEHILL. MINOR INTERBEDS OF CLAY SHALE AND SILT OCCUR. CALCAREOUS-CEMENTED
HORIZONS CAP THE LINE OF CLIFFS IN THE EAST=-CENTRAL PART OF THE QUADRANGLE. THIN,
BROWN LAMINAE OF PLANT DEBRIS ARE LOCALLY ABUNDANT. THIN LIGNITIC LENSES AND AG-
GREGATES ARE WIDELY SPREAD,

THE HILLEN FACIES CONTAINS TWO BEDS OF COAL (DRILL=HOLE DETERMINATION) VARY-
ING FROM ONE=-HALF TO ONE AND ONE-HALF FEET IN THICKNESS. THE COAL IS BLACK,
BLOCKY, AND IRON STAINED. THE REST OF THE UNIT CONSISTS OF ABOUT |8 INCHES OF BUFF
SAND, LOCALLY CALCAREOUS, AND BROWN AND GRAY CLAY SHALE WITH PLANT REMAINS.

THE SCOTCH CAP SANDSTONE 1S EXPOSED IN THE CENTRAL AND NORTHERN PORTIONS OF
THE AREA. THE BASAL BUFF=COLORED, CALCAREOUS ZONE FORMS RESISTANT CAPPINGS ON
THE UPLANDS SURROUNDING THE VALLEYS OF THUNDER BUTTE CREEK AND ITS TRIBUTARIES.
EXCEPT FOR THE CALCAREOUS LOWER PORTIONS, THE UNIT IS POORLY EXPOSED. |IT 1S PRO-
BABLY 40-50 FEET THICK AT MOST.

ABOUT 20-25 FEET OF PREDOMINANTLY SILT AND SANDSTONE FORM A LOW SCARP ALONG
THE NORTHEAST BORDER OF THE QUADRANGLE,

CHADRON FORMATION (?) (DARTON 1899). THIN, PALE GREENISH GRAY SILICA-
CEMENTED CONGLOMERATE AND GRIT FORM RESISTANT BUTTE CAPS.

STRUCTURE

THE QUADRANGLE IS ON THE EAST FLANK OF THE DAKOTA (WlLLlSTON) BASIN. SURFACE
ALTITUDES ON THE HELL CREEK-LUDLOW CONTACT AND ON THE HILLEN=SCOTCH CAP CONTACT
SHOW A RISE OF 100-200 FEET FROM THE EASTERN PART OF THE AREA TO A STRUCTURAL
"HIGH'" TRENDING NORTH=SOUTH IN THE WESTERN PORTION OF THE QUADRANGLE. THIS LOW
ARCH APPEARS TO PLUNGE VERY GENTLY TO THE NORTH.

ECONOMIC GEOLOGY

THIS AREA CONTAINS SOME ACTUAL OR CURRENTLY=EXPLOITED AND POTENT|ALLY=|MPOR~
TANT MINERAL RESOURCES. GRAVEL TERRACES ARE QUARRIED PERIODICALLY. NO COAL IS
MINED. COAL BY-PRODUCTS, BENTONITIC CLAYS, AND SANDSTONE MAY SOMEDAY BE OF ECON-
OMIC IMPORTANCE. A FEW SMALL, ISOLATED SURFICIAL DEPOSITS OF MANGANESE=|RON CON-
CRETIONS, CONTAINING ABOUT 51% METALLIC IRON, ARE OF NO ECONOMIC IMPORTANCE TODAY.

COAL

THE APPROXIMATE BOUNDARIES OF THE SHADEHILL AND HILLEN coaLs
THE BOUNDARIES WERE DETERMINED BY NATURAL EXPOSURES, |7
COAL-TEST HOLES, AND TOPOGRAPHIC EXPRESSION,

AREAL EXTENT.
ARE SHOWN ON THE MAP,
STATE GEOLOG ICAL SURVEY

THICKNESS. THE SHADEHILL COALS RANGE IN THICKNESS FROM TWO TO |2 INCHES WHILE
THE HILLEN COALS VARY FROM ONE=HALF TO ONE AND ONE=HALF FEET IN THICKNESS,

PHYSICAL CHARACTER. THE MAJOR PORTION OF THE COAL 1S BLACK IN COLOR AND
STREAK, BLOCKY, BRITTLE, SLACKS MODERATELY ON MRYING OR EXPOSURE, AND 1S NON=-
COKING. THE COAL BEDS MAY GRADE LATERALLY INTO "BLACKJACK'" AND/OR PEAT-CLAY, CLAY

PARTINGS, GYPSUM, MARCASITE, MELANTERITE, AND IRON OXIDE ARE SCATTERED THROUGHOUT.

CHEMICAL CHARACTER. CHEMICAL ANALYSES PROVIDE A SATISFACTORY BASIS FOR COM-
PARING COALS AND DETERMINING THE RANK AND GRADE OF COAL AND ITS COMMERC!AL QUAL |-
TIES. PROXIMATE ANALYSIS FURNISHES REQUISITE DATA RELATIVE TO THE QUALITY AND
COMBUSTION PROPERTIES (MOISTURE, VOLATILE AND GASEOUS MATTER, FIXED CARBON, OR
THE CHIEF HEAT-PRODUCING CONSTITUENT, ASH, AND SULPHUR) OF COAL.

CoaL samPLES ("TRENCH" OR CHANNEL) FROM THE SHADEHILL COAL OUTCROPS, COAL
SAMPLE NUMBER |, I8-INCHES THick, Sec. 18,T.17N., R.I5E., AND COAL SAMPLE NUMBER 2,
I5~INCHES THICK, Sec. 30,T.I8N., R.14 E., WERE ANALYZED AS RECEIVED, MEANING THE
SAMPLES REPRESENT THE COAL AS MINED. THE PROXIMATE ANALYSES ARE AS FOLLOWS:

SAMPLE | Mo ISTURE[VOLATILE MATTER Fixep CARBON|AsSH|SuLPHUR|[B.T.U. | DRY B.T.U.
I 35,74 44.,04% 7.89% 2.33%10.95%| 4,988 7,762
2 42.85% 42.47% ———— 15.82%]0.46%] 3,624 6, 341

ECONOMICALLY, AN AIR=DRIED COAL, PRIOR TO DOMESTIC OR COMMERCIAL CONSUMPTION,
WILL INCREASE THE HEATING VALUE CONSIDERABLY. (SEE DRY B.T.U. IN ABOVE TABLE.)

CHARACTER OF QVERBURDEN. THE CHARACTER OF THE OVERBURDEN PROBABLY WOULD NOT
IMPOSE ANY DIFFICULTIES TO STRIP MINING, EARTH=MOVING EQUIPMENT EASILY REMOVE
SIMILAR OVERBURDEN IN OTHER AREAS.

ESTIMATED COAL RESERVES. THE MAXIMUM THICKNESS OF COAL, ENCOUNTERED ON THE
SURFACE AND IN |7 STATE GEOLOGICAL SURVEY GOAL=TEST HOLES, 1S I8 INCHES. THIS
THICKNESS 1S DEEMED INSUFFICIENT FOR STRIP MINING BY PRESENT=DAY STANDARDS. THERE=
FORE, NO COAL TONNAGES WERE CALCULATED FOR THIS QUADRANGLE.,

GRAVEL

GRAVEL OCCURS IN TERRACES ALONG RABBIT CREEK AND ANTELOPE CREEK. THICKNESSES
OF ABOUT 20 FEET OF CRUDELY STRATIFIED GRAVEL AND SAND ARE COMMON. THERE ARE SEV~-
ERAL TERRACE LEVELS, THE HIGHEST BEING OVER 100 FEET ABOVE STREAM LEVEL. THESE
DEPOSITS CONSTITUTE A VOLUME OF OVER 35,000,000 CUBIC YARDS. MUCH OF THE GRAVEL
IS USABLE FOR ROAD METAL. A PIT WAS OPENED IN Sec, 3, T, I7N., R. 14E. IN 1954
FOR USE ON STATE HiGHwAY 8., ESTIMATED VOLUMES FOR THE LARGER TERRACES ARE AS

FOLLOWS ¢
LocATION ACRES AVE. THICKNESS | CUBIC YARDS

Secs, 21,22,27,28, 34,

T. 17 N., R. I5 E. 555 ok 13,431,000

BECS: 2,3, T, Te 07 Nex Rs 18 B2 404 5 3,258,933

SECS. 4,5, T. IS5 N., R. 14 E.

SECS. 32,33, V. 16 Nia Ra 14 E, 310 6' 3,000,800

Secs. 2,3 T. 15 My iR T ES

OECSs 34.35. T. 16 N., R. 14 E, 134 Q! 2,161,866

oECs. 20,21,28,29, T, 17 N., R. 15 E. 127 0' 2,048,933

SECS, 35,36, T. 16 N., R, I3 E. 189 6' 1,829,520

SECS, 13,14,23,24, T, 17 N., R. 14 E, 110 10" 1,774,666

SECS, 12,13, T, 15 N., R. 14 E,

Sec. 18, T. 15 N.y Ri 15 E. 88 10" 1,419,733

SECS. 13,24, T. 16 N., R. I3 E.

Secs. 18,19, T. 16 N., R. 14 E, 144 6' 1,393,920

SECS, 16,17, T, 15 N,, R. 15 | 83 10" 1,339,066

SANDSTONE

SILICA-CEMENTED GRIT AND CONGLOMERATE,
LOCALLY FOR FOUNDATIONS AND RIP-RAP,

AND CALCAREOUS SANDSTONE COULD BE
USED

CLAY

CERTAIN BENTONITIC CLAY BEDS IN THE HeLL
SEALING STOCK DAMS, THUS CONSERVING WATER,

CREEK FORMATION CAN BE USED FOR



