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AREAL GEOLOGY OF THE GOVERT QUADRANGLE

By

Bruno C. Petsch

ANTRODUCT | ON

THE QUADRANGLE WAS MAPPED IN THE SUMMER OF 1955 AS PART OF THE STATE
GEOLOG1CAL SURVEY COAL RESOURCES PROGRAM. EXPLORATORY DRILLING FOR
SUBSURFACE COAL WAS DONE IN 1955,

LOCATION

THE QUADRANGLE 1S IN THE SOUTHEAST PORTION OF HARDING COUNTY ABOUT
25 MILES SOUTHEAST OF BUFFALO, THE COUNTY SEAT.

GEOGRAPHY

THE AREA 1S POPULATED ONLY WITH WIDELY DISPERSED RANCHES, THERE 1S NO
TOWN OR VILLAGE IN THE QUADRANGLE. AN ALL WEATHER GRAVELED HIGHWAY TRAV=
ERSES NORTH AND SOUTH THROUGH THE CENTER WITH ONE ROAD ENTERING FROM THE
WEST AND ONE FROM THE EAST. A PROMINENT TOPOGRAPHIC FEATURE KNOWN AS
SLIM BUTTES FORMS AN L-SHAPED FLAT TOPPED MESA. |T EXTENDS FOR 20 MILES,
WITH A BREADTH OF FROM ONE TO THREE MILES, THE LONGER PORTION OF THE L
LIES NORTH AND SOUTH IN THE WESTERN PORTION AND THE REMAINDER ANGLES
SOUTHEASTWARD TO THE EASTERN BOUNDARY OF THE QUADRANGLE. THE NORTH FORK
OF THE MOREAU RIVER CROSSES THE SOUTHWEST CORNER OF THE QUADRANGLE AND
ITS TRIBUTARIES, WHICH ARE RED BUTTE, SAND AND SHEEP CREEKS, DRAIN THE
SOUTH SLOPE OF THE SLIM BuTTES. GAP, RABBIT AND ANTELOPE CREEKS DRAIN
THE AREA EAST AND TRIBUTARIES TO SQUAW CREEK DRAIN THE WEST SIDE OF SLIM
BuTTES.

ON THE EAST SIDE OF SLIM BUTTES ARE THREE OUTLIER BUTTES THAT STAND
ABOVE THE LEVEL PRAIRIE, THEY ARE J. B. HiLL, SqQuare Top BuTTE, AND FLAT
Top BUTTE.

STRATIGRAPHY

THE SURFACE FORMATIONS RANGE FROM VERY UPPER CRETACEOUS, THROUGH
TERTIARY TO RECENT, AND ARE CORRELATED WITH THE TERTIARY STRATA OF THE
WHITE RIVER BADLANDS.

(?) rorMATION (DARTON 1899) or QGALLALA (7) EORMATION (DARTON

1898). THE WRITER FOUND NO FOSSIL EVIDENCE TO ESTABLISH THE EXACT AGE OF
THE ROCK UNIT OR UNITS. THE Loup FORk BEDS OF MEEK AND HAYDEn, 1862,
INCLUDES THE ARIKAREE (?) AND OAGLLALA
(?) FORMATIONS.

THIS FORMATION IS THE RIM ROCK
AND FORMS THE MESA TOP OF SLIM BUTTES.
STEEP CLIFFS AT LEAST |00 FEET HIGH ARE
THE RULE WHERE THE FORMATION IS PRESENT.
0 - AT THE EAST ANGLE OF SLIM BUTTES,HOW=
. . EVER, THE FORMATION DOES NOT HAVE THE
VERTICAL CLIFF IN SOME PLACES. ALONG
THE NORTH SIDE AND EAST END THE SLOPES
ARE GRASSED OVER, THE FOREST COVER IS
GENERALLY CONFINED TO THIS FORMATION.
IT LIES HORIZONTAL ON A PENEPLAINED
SURFACE OF THE UNDERLYING WHITE RIVER
GROUP, AN ANGULAR UNCONFORMITY IS NOT
GENERALLY PRESENT AT THE CONTACT. THE
FORMATION RANGES FROM MASSIVE TO BEDDED,
THE LOWER PORTION 1S BUFF TO GREENISH
SANDSTONE WITH SEVERAL THIN COARSE
SOMEWHAT CROSS-BEDDED SANDSTONE LAYERS,
WITH CONGLOMERATE AT THE BASE WHICH
TENDS TO FORM AN OVERHANGING CLIFF.
THE UPPER PORTION 1S HARD, MASSIVE,
CARVED SANDSTONE, CALCAREOUS IN PLACES
WITH STALACTITIC CONCRETIONS. THE
FORMATION CONTAINS CONSIDERABLE TUFF=-
ACEOUS MATERIAL WHICH ON WEATHER ING
GIVES THE VERTICAL CLIFF A CHARACTERISTIC
TANNISH-BROWN APPEARANCE. HERE THE
BASE OF THE ARIKAREE-OGALLALA WAS PUT
AT THE TOP OF THE FIRST TERRACE BELOW
THE UPLAND MESA.

TE RIVER GROQUP (MEex AND HAYDEN

1858.) THIS GROUP 1S DIVIDED INTO; AN
UPPER, BRULE, AND THE LOWER, CHADRON
FORMATIONS. |IT 1S CORRELATED WITH THE
WHITE RIVER GROUP IN THE BADLANDS
NATIONAL MONUMENT DUE TO THE REMARKABLE
RESEMBLANCE BOTH IN LITHOLOGY AND FAUNA,.
SOME AREAS ARE GRASSED OVER OR DISTORTED
BY SLUMPING AND LANDSLIDES.

BruLE FormaTioN (DarTON 1899.)
THE IDENTIFICATION OF THESE STRATA AS

BRULE 1S BASED LARGELY UPON LITHOLOGIC
EVIDENCE. THE LITHOLOGIC DISTINCTION
BETWEEN THE BRULE AND THE OVERLYING
ARIKAREE-OGALLALA |S PRONOUNCED, THE
FORMER 1S WELL=-BEDDED WHILE THE LATTER
1S MASSIVE. THIS CAN BE SEEN BY COM-
PARING THE ARIKAREE CLIFF ON THE SOUTH
SIDE OF SQUARE TOP BUTTE WITH THE WELL-
BEDDED SANDSTONE, BRULE, ABOVE THE
CHANNEL DEPOSIT WEST OF ELLIOTT RANGER
Station, Sec 32, TI7N, RB8E. THE FoRrR=
MATION 1S COMPOSED OF MASSIVE, PINK
CLAY, UPPerR BruLe, (ToepeLMan, 1923),
VERY PALE GREEN TO WHITISH SILTSTONE TO
VERY FINE SANDSTONE, HARD, SLIGHTLY
BENTONITIC, CALCAREOQUS TO SLIGHTLY
CALCAREOUS, THE MATERIAL 1S WELL-
BEDDED, WITH LAYERS 4+ TO 6 INCHES THICK,
WITH AN OCCASIONAL BED |2 INCHES THICK.
THE OUTCROP 1S NEARLY VERTICAL IN MANY
PLACES AND GENERALLY CLEAN AND WIND
SWEPT. THE LOWER PORTION OF THE VER-
TICAL CLIFFS IN SLIM BUTTES 1S BRULE.
FOR ANOTHER INTERPRETATION SEE GILL AND
MooRe, 1955. THE FORMATION IS AT LEAST
96 FEET THICK. THE CONTACT WITH THE
OVERLYING ARIKAREE 1S UNCONFORMABLE,
WHERE THE BRULE HAS A DIP, THE CONTACT
IS AN ANGULAR UNCONFORMITY,

CHANNEL DeEPOSIT;-THIS UNIT IS A
CONGLOMERATE MADE UP OF ROUND, BROWN
CLAYEY LIMESTONE PEBBLES, THEY RANGE
FROM ¥ INCH TO 2 INCHES IN DIAMETER
AND ARE HELD TOGETHER WITH A FINE NON=
CALCAREOUS SILT MATRIX. THE CONGLOMER-
ATE CONTAINS LOCAL LENSES OF PALE GREEN,
SILTY, CALCAREOUS, CROSS-BEDDED SANDSTONE, THEY RANGE FROM 6 TO 24 INCHES
THICK AND AS MUCH AS FIFTEEN FEET LONG AND ARE A CHANNEL DEPOSIT WITHIN THE
CHANNEL DEPOSIT. THE CONGLOMERATE 1S FROM 5 TO |2 FEET THICK. [T CAN BE
TRACED FOR SEVERAL MILES IN A NORTHWEST-SOUTHEAST DIRECTION. THE UNIT IS
AT THE BASE OF THE BRULE.

GENERALIZED COLUMNAR SECTION
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(DarTON 1899,) THE UPPER PART OF THIS FORMATION IS A
MASSIVE PALE BROWN BENTONITIC HARD CLAY. |TS OUTCROP GENERALLY HAS GENTLE
SLOPE AND THE SURFACE HAS A POP-CORN APPEARANCE WHICH RESULTS FROM DRYING AND
SHRINKAGE. THE MIDDLE PART |5 A DAZZLING WHITE COARSE SANDSTONE, LOCALLY
IT 1S BRIGHT GREEN, CROSS-BEDDED, AND CONGLOMERATE LENSES ARE GENERALLY
PRESENT. |IT 15 SOLIDIFIED ON J.B. HiILL, FORMING THE RIMROCK AND HUGE
FLOAT BOULDERS ON THE SIDE OF THE BUTTE. THE UNIT HAS A VERTICAL OUTCROP
AND 1S AT LEAST |5 FEET THICK. THE LOWER PART 1S HARD ALTERNATING SAND
AND CLAY WITH LIMONITE STAINING COLORING IT TO BRIGHT YELLOWISH BROWN AND
IS REFERRED TO AS THE GOLDEN ZONE. WHITE, HARD, ASHEY SANDSTONE LEDGEMAKERS
AND WHITE VUGGY LIMESTONE LEDGEMAKERS ARE COMMON IN EITHER THE UPPER OR
LOWER PARTS OF THE FORMATION., 55 FEET OF CHADRON 1S EXPOSED WEST OF ELLIOT
RANGER STATION.

(LLoyp AND HARES 1915.) THE FORMATION 1S SEPARATED
FROM THE OVERLYING WHITE RIVER GROUP BY A COMPLETE COLOR CHANGE FROM WHITE
AND TAN TO BUFF AND GRAY OF THE LupLow. THE Lower 50 To 70 FEET OF THE
FORMATION 1S PRESENT UNDER THE SLIM BUTTES. THE FORMATION CONTAINS NUMEROUS
COAL BEDS FROM 6 INCHES TO 7 FEET THICK. AT THE MENDENHALL MINE THE COAL
1S |2 FEET THICK. ASIDE FROM THE COAL BEDS THE FORMATION CONSISTS OF GRAY
AND BUFF LAMINATED SHALE AND SAND, DARK GRAY SOFT SHALE, FINE LOOSE SAND,
CARBONACEOUS MATERIAL AND JAROSITE. BURNED CLAY AND CLINKER ARE COMMON.
THE HILLEN COAL FACIES IS AT LEAST |7 FEET THICK AND INCLUDES A GROUP OF
4 COALS WHICH VARY FROM 8 TO 32 INCHES IN THICKNESS, AND ARE SEPARATED BY
GRAY AND DARK GRAY CLAYS. THE MENDENHALL AND OLESRUD COAL BEDS ARE INCLUDED
IN THIS FACIES. PETRIFIED WOOD FROM THIS FORMATION CAN BE PICKED UP ON
THE SOUTHEAST SLOPE OF J. B. HiLL.

HELl CREEK FORMATION (Brown 1907.) THE FORMATION HAS BEEN CALLED THE
"SoMBER BEDS'", IT CONSISTS OF LIGHT AND DARK GRAY BENTONITIC CLAYS OR MUD-
STONE, DARK GRAY GREYWACKE, FRIABLE SAND, OCCASIONAL THIN LIGNITE, CARBON~-
ACEOUS SHALE. CLAY SURFACES ALWAYS HAVE A "POP-CORN" APPEARANCE. DARK
BROWN |RON STONE CONCRETIONS ARE ABUNDANT AND SANDSTONE CEMENTATIONS ARE
LEDGEMAKERS. 125' oF UPPER HeLL CREEK 1S EXPOSED ON THE SOUTH FACE OF
SLIM BUTTES.

STRUCTURE

THE REGIONAL DIP' IS TO THE NORTHEAST INTO THE DANOTA (WiLLISTON) BASIN
AT ABOUT |5 TO 25 FEET PER MILE. ON THE NORTH SIDE OF FLAT Top BUuTTE IN
THE SE% ofF Sec 30, TI7N, R9E, THE WHITE RIVER DEPOSITS DIP |2% DEGREES
SOUTH, MAKING AN ANGULAR UNCONFORMITY WITH THE OVERLYING HORIZONTAL ARIKAREE-
OGALLALA., [N THE CENTER OF Sec 32, TI8N, RBE, THE piP 1S 1630 wesT IN A
SIMILAR SITUATION. THE BASE OF THE ARIKAREE SLOPES EAST=-SOUTHEAST AT 20
FEET PER MILE FROM SQUARE Top BUTTE IN Sec 29, TI7N, R8E.

AN EAST-WEST FAULT MAY BE PRESENT ALONG THE NORTH SIDE OF SQUARE Top
BUTTE, ABOUT 2% MILES LONG. IN THIS VICINITY THE TOP OF THE "DazzLinG"
SAND (MIDDLE CHADRON) 1S HIGHER THAN THE BASE OF THE ARIKAREE-OGALLALA.

HE Fox HILLS-P1ERRE CLAY MAPPED BY BAKER (1952) ALONG THE NORTH FORK
OF THE MOREAU RIVER AT THE SOUTH-CENTRAL BORDER OF THE QUADRANGLE, WAS NOT
RECOGNIZED IN THIS STUDY, BUT THESE ROCKS ARE TERMED HELL CREEK. THEREFORE
THE ANTICLINE MAPPED BY BAKER IS NOT PRESENT.

LIGNITE COAL, CARNOTITE, AND ORGANO-URANIFEROUS LIGNITE AND CARBONACEOUS
CLAYS, BENTONITIC CLAY, PSEUDOSCORIA, AND GRAVEL ARE THE ECONOMIC RESOURCES.

LIGNITE COAL

AReaL EXTENT AND THICKNESS. OUTCROPS OF LIGNITE COAL CAN BE FOUND
QUITE CONSISTENTLY BELOW THE WHITE RIVER=-LUDLOW CONTACT AT THE BASE OF
SLiM ButTEs. THESE ARE LIGNITES OF THE HILLEN FACIES AND RANGE FROM 8 TO
36 INCHES IN THICKNESS AS MANY AS 4 BEDS. A LOWER BED ALONG THE WEST SIDE
OF SLIM BUTTES HAS COALS AS MUCH AS |2 FEET THICK. IN THE OLESRUD MINE
TWO COALS ARE 6 FEET 8 INCHES AND 5 FEET 7 INCHES IN Sec 36, TI8N, R7E.

IN A NEW TRENCH IN SeEc |, TI7N, R7E, 1T 15 |2 FEET THICK. RECENTLY MUCH
LIGNITE HAS BEEN UNCOVERED DUE TO URANIUM PROSPECTING. THE SHADEHILL
FACIES AT THE BASE OF THE LUDLOW FORMATION HAS COAL FROM 5 TO 24 INCHES
THICK.

PHys|caL CHARACTER. THE COAL 1S GENERALLY WELL-BEDDED, BLACK IN COLOR
AND STREAK, CONTAINS STREAKS OF IRON STAIN, SQME COAL BEDS ARE ABUNDANTLY
INTER=-BEDDED WITH YELLOW JAROSITE. BROWN CLAY WITH PLANT MATERIAL AND
CARBONACEOUS CLAYS ARE SOMETIMES PRESENT. THE COAL SLACKS INWARD SEVERAL
INCHES. |T OUTCROPS ON A SLOPE AS BLACK DUST TO SOIL WITH MUCH GYPSUM
SCATTERED ABOUT.

CoAL . THE TOTAL ESTIMATED COAL TONNAGE FOR THE
GOVERT QUADRANGLE 15 108,153,100 Tons. THE TONNAGE 1S COMPUTED ON THE
BASIS OF A MINIMUM THICKNESS OF 2% FEET, A SPECIFIC GRAVITY OF |.25 AND
I700 TONS PER ACRE FOOT. 68,460,700 TONS OF COAL ARE ESTIMATED FROM OUT=
CROP AREAS AND UNDER REASONABLE OVERBURDEN WHICH ARE MINEABLE. 39,692,400
TONS OF COAL ARE ESTIMATED TO BE PRESENT WHERE OVERBURDEN 1S MORE THAN (00
FEET.

POTENTIAL MINING AREAS. FAVORABLE MINING AREAS ARE PRESENT ALONG THE
WEST FRONT OF THE SLIM BuTTES IN TI17 AND I8N, R7E, AND ON THE EAST FRONT IN
TI7 anp I8N, RBE, AND IN FEW PLACES AROUND J. B. HILL IN THE CENTER OF
TI7N, R8E. POSSIBLE MINING IS NOW OPENED UP IN THE VALLEYS WHICH ENTER THE
EAST ANGLE OF THE SLIM BUTTES, BY URANIUM MINING OPERATIONS,

OLD MINES. BEFORE THE ADVENT OF FUEL OILS AND BOTTLED GAS, LIGNITE
MINING WAS A THRIVING INDUSTRY. SOME WELL EQUIPPED MINES WERE IN OPERATION,
NAMELY; MENDENHALL MINE, Sec |, TI7N, R7E, ELLis Mine, Sec |, TI6N, R7E,
Wamman MINe, Sec 8, TI7N, R8E, OrLesrup MINE, Sec 36, TIBN, R7E, GEISNISS
MINE, SEC 36, TIBN, R7E. A PROXIMATE ANALYSIS OF LIGNITE 1S GIVEN IN THE
FOLLOWING TABLE:

TABLE
COAL LOCAT ION MOISTURE | VOLATILES | CARBON | ASH [SULFUR | B.T.U.
LupLow! Sec |, TI7N, 41.5% 24.0% 24.3% | 10.2%]| 0.55% | 5,650
LupLow< S:c:iz TI6N, 41.0% 23.,2% 28.4% 74%| 2.2% | 6,910

| MENDENHALL MINE, 2 ELLIS MINE

1 SeArRIGHT, W. V., A PRELIMINARY REPORT OF THE COAL RESOURCES OF SOUTH
DakoTA, REPORT OF INVESTIGATIONS No. 3, STATE GEOLOGICAL SURVEY, VERMILLION,
SouTH DAKOTA

2 TecHNICAL PaPER 700, ANALYSES OF MICHIGAN, NORTH DAKOTA, SoUTH DAKOTA,
AND TEXAS coaLS, U. S. BUREAU OF MINES, 1948,

URANTUM

URANIUM IN LIGNITE WAS DISCOVERED IN SLIM BUTTES DURING 1951, OuTt-
CROPS OF URANIFEROUS LIGNITE SURROUND THE SLIM BUTTES AND RECENTLY MUCH
MORE HAS BEEN UNCOVERED BY URANIUM OPERATORS. AN ORGANO-URANIUM COMPLEX
MINERAL IS PRESENT IN CARBONACEOUS SILTY SHALE WHICH IS IN THE LIGNITE FACIES
OF THE LUDLOW FORMATION. AUTUNITE 1S PRESENT IN BROWN PEAT CLAYS. URANIUM
MINERALS ARE GENERALLY NOT VISIBLE IN LIGNITES. URANIUM=BEARING SANDSTONE
WAS DISCOVERED IN CEDAR CANYON IN Sec 8, TI6N, RBE. THE MINERAL 1S CON-
CENTRATED NEAR FOSSIL ROOTS AND STEMS, AND THE YELLOW STAINING CAN BE SEEN
ON FRACTURE PLANES, (GILL, 1953). THE DEPOSIT IS IN A SANDSTONE OF THE
BRULE FORMATION, SANDSTONES IN THE LUDLOW FORMATION OCCAS|ONALLY CONTAIN
URANIUM MINERALS.

BENTONITIC CLAYS AND SHALES

THE HELL CREEK FORMATION CONTAINS MUCH BENTONITIC CLAY AND SHALE WHICH
MAY BE A POTENTIAL SOURCE OF BLOATED SHALE TO BE USED AS LIGHT AGGREGATE
FOR CEMENT MATERIALS, TO DATE, NO EXPERIMENTS OF THIS NATURE HAVE BEEN
UNDERTAKEN ON THIS MATERIAL.

PSEUDOSCORIA

THROUGHOUT THE AREA ARE PLACES WHERE LIGNITE HAD BEEN BURNED AND AS
A RESULT THE CLAYS AND SANDS ASSOCIATED WITH IT WERE BAKED OR FIRED. Now
THESE PLACES GIVE RISE TO LARGE THICK MASSES OF BRIGHT RED TO PINK, BRITTLE,
HARD ROCK. MANY OF THESE BURNS ARE QUARRIED FOR ROAD SURFACING.

GRAVEL-SAND

A smaLL DEPOSIT IN SEC 3, TI7N, R7E, CONTAINS ABOUT 250,000 YARDS OF
LIMESTONE GRAVEL. DEPOSITS OF GRAVEL, RUBBLE AND RIP RAP CAN BE FOUND
ASSOCIATED WITH LANDSLIDE AREAS WHICH ARE IN THE SLIM BUTTES AREA.

SAND FOR CONSTRUCTION PURPOSES, USED LOCALLY, HAS BEEN TAKEN FROM TWO
SAND PITS, ONE IN THE SE CORNER OF SEC |6 AND THE OTHER IN THE WEST CENTER
of Sec |5, TIBN, R8E. BoTH ARE ON J. B, HiLL.
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