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Ludlow Formation
(Buff to yellowish fine sands
ond silts, calcareous sands
are ledge-makers, numerous
lignite beds from o few to
50 inches thick. Brown
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Rusty ironstone concretions
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Hell Creek Formation
("Somber beds”, groy and
dork gray bentonitic clay
or mudstone ond shale,
brown peat clay, greenish
gray uncemenfed sand-
sfone, log-like sandstone
cementations, abundont iron-
mangaonese, block and
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in “badiand” oreas.  About
k 200 feet exposed)
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AREAL GEOLOGY OF THE LADNER QUADRANGLE

By

Bruno C. Petsch

ANTRODUCT ION

THE QUADRANGLE WAS MAPPED DURING THE
SUMMER OF 1956 AS PART OF THE STATE GEOLOGICAL
SURVEY'S COAL RESOURCES PROGRAM. EXPLORATORY
DRILL ING FOR COAL WAS DONE CONCURRENTLY.

THE AREA WAS MAPPED WITH AREAL PHOTO-
GRAPHS (1938 FLIGHTS). THE HORIZONTAL CON-
TROL WAS MADE BY TRAVERSING WITH PLANE TABLE
AND ALIDADE AND PLOTTED TO PICTURE SCALE. THe
AREA CONTAINED ONLY TWO FEDERAL TRIANGULATION
STATIONS WHICH WERE, DUE TO THEIR LOCATION,
NOT VISIBLE; HENCE TRIANGULATION WAS NOT
ATTEMPTED.

THE WRITER WAS ASSISTED BY JAMES K. BAIRD
A GRADUATE STUDENT OF THE UNIVERSITY OF SOUTH
DAKOTA. THE DRILLING WAS DONE BY JON LARSON
AND ROBERT MARTIN.

LOCATION

THE QUADRANGLE 1S IN THE NORTH-CENTRAL
PART OF HARDING COUNTY IN NORTH-WESTERN SOUTH
DAKOTA. ITS SOUTH LINE IS ABOUT |2 MILES
NORTH OF BUFFALO AND EXTENDS NORTHWARD TO THE
NORTH DAKOTA STATE LINE.

GEOGRAPHY

PORTIONS OF TWO DOMINANT TOPOGRAPHIC
FEATURES OF THIS REGION ARE IN THE QUADRANGLE;
THEY ARE THE WEST SIDE OF THE NOoRTH CAve HiLLS
AND THE NORTH SIDE OF THE SouTH CAveE HiLLS
AND TABLE MOUNTAIN IN THE NORTHWESTERN PART.
THE MAXIMUM RELIEF 1S 650 FEET FROM THE LOWER
REACHES OF BuLL CREEK TO THE TOP OF A POINTED
BUTTE SOUTH OF TABLE MOUNTAIN, WHOSE ALTITUDE
IS 3609 FEET. THE AREA IS POPULATED WITH A
FEW WIDELY DISPERSED RANCHES. THERE IS A
SMALL SETTLEMENT AT LADNER; THERE IS NO TOWN
OR RAILROAD AND ONLY ONE GRAVELED ROAD EXISTS
IN THE AREA.

A SMALL OIL FIELD CONTAINING TWO DEEP
PUMPER WELLS 1S LOCATED NEAR THE CENTER OF THE
QUADRANGLE.

THE CLIMATE IS SEMI-ARID WITH AN AVERAGE
RAINFALL OF 10-14 INCHES., CATTLE AND SHEEP

GRAZING ARE THE MAJOR INDUSTRY.
- - HILLEN

STRATIGRAPHY
FACIES

g —— LATE CRETACEOUS, TERTIARY AND QUATERNARY
ROCKS ARE EXPOSED AT THE SURFACE IN THIS
QUADRANGLE. LATE CRETACEOUS TIME IS REPRESENT-
ED BY THE HELL CREEK FORMATION; TERTIARY BY

THE PALEOCENE LuDLOW AND TONGUE RIVER FORMA-
TIONS; OLIGOCENE BY THE WHITE RIVER GROUP; AND
QUATERNARY BY ONE PLEISTOCENE GRAVEL DEPQSIT
AND RECENT ALLUVIUM,

Hewy Creex ForMATION (Brown, 1907) LATE
CRETACEOUS, ALTHOUGH THIS FORMATION IS EX-
POSED OVER ABOUT % OF THE LADNER QUADRANGLE,
FEW GOOD COMPLETE OUTCROPS ARE AVAILABLE FOR
DETAILED SECTIONING, AN 85' SECTION OF UPPER
HeLL CREEK WAS MEASURED IN Sec. 2, T22N., R3E.,
A "JuMP OFF" AREA IN THE NORTHWEST PART OF
THE QUADRANGLE. SCATTERED LOWER SECTIONS OF
HeLL CREEK INDICATE THAT THIS AREA CONTAINS
AT LEAST 200 FEET OF THE FORMATION.

EVERYWHERE IN THE AREA THE HeLL CREEK
CHARACTERIZED BY ITS DRAB COLORS, DARK AND
LIGHT GRAY CLAYS AND SILTS, GIVING IT A "som-
BER" APPEARANCE. WEATHERING OF EXPOSURES
RESULTS IN A "POPCORN" SURFACE, AND IN MANY
AREAS SCATTERED FRAGMENTS OF DARK PURPLE
IRON~-MANGANESE CONCRETIONS ON THE SURFACE ARE
GOOD INDICATORS OF ITS PRESENCE., THE WHOLE
SECTION 1S SOMEWHAT BENTONITIC. OCCASIONALLY,
YELLOW FINE-GRAINED, SEVERELY CROSS-BEDDED
CHANNEL SANDS ARE EXPOSED. THESE BEDS MAY BE
I0 TO 20 FEET THICK, BUT THEIR LATERAL EXTENT
1S LIMITED,

IN CONTRAST TO THE LUDLOW FORMATION,

MOST OF THE CONCRETIONARY ZONES IN THIS FORMA=
TION ARE OF THE DARK PURPLE, MANGANESE=IRON
SEPTARIAN TYPE; SOME ROUND, SLABBY AND ELONGATE.
BANDS OF PEAT CLAY AND CARBONACEOUS SHALE ARE
PROMINENT THROUGHOUT THE SECTION} IN SOME
PLACES FORMING A THIN BED OF LIGNITE OR TWO

AND ASSOCIATED WITH YELLOW JAROSITE.

0OCCAS IONALLY BROKEN DINOSAUR BONES ARE
FOUND ON THE LOWER SLOPES OF LOWER AND MIDDLE
HeLL CREEK MUD BUTTES. MATTED AND BROKEN PLANT
FOSSILS ARE NUMEROUS IN THE PEATS AND PEAT
CLAYS.
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LupLow FormaTioN (LLoyp AND Hares, 1915)
PALEOCENE, LITHOLOGICALLY, THIS FORMATION
DIFFERS ONLY SLIGHTLY FROM THE HeLL CREEek.

IT 1S CHARACTERIZED BY ITS BUFF TO YELLOW COLOR,
ALTHOUGH CERTAIN UNITS RESEMBLE THE SOMBER BEDS
OF THE HeLL CREEK, AND ITS GREATER PERCENTAGE OF LIGNITES, SANDS, AND ORANGE,
LIMONITIC CONCRETIONS.

A GoOD SECTION OF |23 FEET OF UPPER LUDLOW WAS MEASURED IN Sec. 32, T22N,
R5E. A PORTION OF LOWER LUDLOW WAS ALSO MEASURED AT THE HeELL CREEK SECTION
IN Sec. 2, T22N., R3E. THE BASE OF THE LUDLOW 1S MARKED BY THE SO-CALLED
SHADEHILL COAL FACIES. THIS UNIT CONSISTS MOSTLY OF PEAT AND PEAT-CLAY WITH
LENSES OF SILTS AND BENTONITIC CLAYS, AN ORANGE, LIMONITIC CONCRETIONARY
ZONE AND LIGNITES WITH JAROSITE; LIGNITES ARE FROM B TO 89 INCHES IN THICKNESS.
PETRIFIED WOOD CAN BE FOUND AT THE BASE. THE BASE OF THE SHADEHILL CAN BE
USED AS A KEY BED FOR MAPPING SURFACE STRUCTURE.

THE MIDDLE OF THE LUDLOW CONTAINS A MAJORITY OF LOESSAL SILTS AND CLAYS
WITH SCATTERED ZONES OF ORANGE LIMONITIC CONCRETIONS. SOME OF THE COARSER
SILTS AND FINE SANDS REPRESENTED BY CALCAREOUS CEMENTATIONS FORM UNCONTIN-
UOUS LEDGEMAKERS A FOOT OR TWO THICK. CROSS-BEDDING OF ANY DEGREE WAS NOT
NOTED. THIS 1S CHARACTERISTIC OF VERY FINE GRAINED EOLIAN DEPOSITS.

THE UPPERMOST PART OF THIS FORMATION IS THE MOST LIGNITIC. THREE COALS
OF THE GIANNONATTI-HILLEN FACIES, REPRESENT THE ATOMIC ENERGY COMMISSION'S
B, C, AND D COALS, AND ARE IN THE UPPER |00 FEET OF THE LupLow. THE LIGNITES
ARE RADIOACTIVE IN THE NORTH AND SouTH CAVE HILLS.

LACK OF LIGNITE OUTCROPS AND CHANGING THICKNESSES MAKES CORRELATION
DOUBTFUL. ALTITUDES ON LIGNITE BEDS ALONG THE WEST SIDE OF NORTH CAVE HiILLS
DO NOT MATCH ALTHOUGH THE BEDS ARE VERY NEARLY HORIZONTAL. INTERBEDDED WITH
THESE COALS ARE THE USUAL BROWN PEAT-CLAYS, BUFF SILTS, AND GRAY SHALES,

ALONG WITH GOOD QUANTITIES OF SELENITE. THE TONGUE RIVER-LUDLOW CONTACT

IS PLACED ABOVE THE HIGHEST COAL TO INCLUDE ABOUT 4 FEET OF FINE UNCONSOL |-
DATED SAND. A SLIGHT DISCONFORMITY WAS NOTED AT THE SECTION MEASURED. THE
FORMATION 1S 290 FEET THICK IN THE SouTH CAVE HiLLS.

Tongue River Formation (TAFF, 1909) PALEOCENE, TONGUE RIVER EXPOSURES
IN THIS AREA PROVIDE THE CAP ROCK FOR BOTH THE NORTH AND SouTH CAVE HiLLS,
FOR TABLE MOUNTAIN IN THE NORTHWEST CORNER, AND FOR SMALL, OUTLYING BUTTES
IN THE AFORE MENTIONED AREAS.

THIS FORMATION IS DOMINANTLY A MASSIVE SANDSTONE FORMING PROMINENT
GLIFFS. ON THE NorRTH CAVE HILLS IT IS COMPOSED OF AN UPPER AND LOWER SAND-
STONE SEPARATED BY A GRAY CLAY-SHALE, PEAT CLAY AND A LIGNITE SEAM (ME" BED
of U.5.G.S. AND A.E.C.), LODGEPOLE FACIES WHICH IS GENERALLY RADIOACTIVE.

FOR THE MOST PART, THE S0uUTH CAVE HiLLS AND TABLE MOUNTAIN ARE CAPPED ONLY
8Y THE LOWER SANDSTONE. THICKNESSES VARY FROM 35 FEET ON THE SouTH CAVE HiLLS
To ABOUT 200 FEET ON THE NoRTH Cave HILLS.

THE LOWER SANDSTONE LIES WITHIN THE RANGE OF A QUARTZOSE TO SUBGRAYWACKE.
IT WEATHERS LIGHT BROWN TO YELLOW} IS CROSS=BEDDED, FINE-TO-MEDIUM-GRAINED,
LOCALLY INDURATED, AND CALCAREOUS. FROM THE BASE TO THE "E" BED 15 OVER 70
FEET. THE UPPER IS LESS MASSIVE, COARSER, WEATHERS TO MORE OF A PINK COLOR,
AND |S LOCALLY UNCONSOLIDATED. OCCASIONALLY INTERBEDDED WITH THIS UNIT
ARE THIN BEDS OF GRAY SILTY CLAYS AND BUFF MUDSTONES. FROM THE "E" BED TO THE
TOP OF THE MESA 1S ABouT |00 FEET.

OCCAS IONALLY OVERLYING THESE MASSIVE SANDSTONES ARE SCATTERED, THIN
EXPOSURES OF A LIGHT GREEN, FINE GRAINED SANDSTONE, CONGLOMERATIC AT ONE
sPOT. PIECES OF BROKEN PETRIFIED WOOD LIE ABUNDANTLY ON THE MESAS.

IN SOUTH-CENTRAL SEC. 21, T22N., RSE., on Top ofF NorTH CAVE HiLLs IS A
SMALL AREA WHIGCH CONTAINS A BUFF CONGLOMERATE MIXED WITH GREEN BENTONITIC
CLAY. |IT HAS BEEN ASSIGNED DOUBTFULLY TO THE WHITE RIVER FORMATION Win-
CHESTER 1916), THE MATERIAL HAS NO FOSSILS AND IS ABOUT TWO ACRES IN EXTENT.
IN SEC. 28 IN THE SAME TOWNSHIP IS AN ACRE OF COARSE GREEN BENTONITIC SAND-
STONE, ALSO ASSIGNED TO THE WHITE RIVER (WINCHESTER 1916). HOWEVER IT RE-
SEMBLFES LOCAL GREEN SANDS IN THE TONGUE RIVER FORMATION.

STRUCTURE

THE LADNER QUADRANGLE LIES ON THE SOUTHWEST FLANK OF THE DAKOTA Wie-
LISTON) BASIN. THE REGIONAL DIP INTO THE BASIN IS ABOUT 22 FEET PER MILE
NORTHEAST. (LUDLOW QUADRANGLE) CONTOURS ON THE TOP OF THE DAKOTA FORMATION
SHOW A STEEPER NORTHEAST DIP IN THE VICINITY OF THE OIL FIELD. THE STRUCTURE
IS A MONOCLINE OR LOCAL STEEPENING IN AN OTHERWISE UNIFORM DIP ON THE
EAST FLANK OF THE Fox HiLLs Dome (MouLTON AND Bass, 1922). A SYNCLINAL
AX1S TRENDS NORTHWEST THROUGH THE SouTH CAve HiLLs (RoTHrock, 1937).

LIGNITE COAL, OIL, CLAY, GRAVEL, URANIFEROUS LIGNITE, AND PSEUDOSCORIA
ARE THE ECONOMIC RESOURCES IN THE LADNER QUADRANGLE. BEFORE THE ADVENT OF
FUEL OIL AND BOTTLED GAS, LIGNITE MINING WAS A THRIVING INDUSTRY WHICH BEGAN
ABOUT 1910 AND ENDED ABRUPTLY IN THE EARLY THIRTIES. THE LIGNITES LAY
DORMANT FOR MANY YEARS UNTIL ABOUT |95] AND 52 AT WHICH TIME THEY BECAME AN
I MPORTANT STRATEGIC RESOURCE BECAUSE URANIUM MINERALS WERE DISCOVERED TO BE
ASSOCIATED WITH THE LIGNITES,

OlL

CRUDE OIL WAS DISCOVERED BY THE SHELL OlL Co. IN Decemser 1953, THE OIL
FIELD HAS TWO PUMPER WELLS AND THE OIL IS BEING TRUCKED OVER LAND TO MONTANA.

COAL

THERE ARE FIVE LIGNITIC HORIZONS IN THIS AREA, THE SHADEHILL, HILLEN,
AND GIANNONATTI FACIES OF THE LUDLOW FORMATION, THE LODGEPOLE FACIES OF THE
ToNGUE RIVER FORMATION AND RANDOM LIGNITES IN THE HeELL CREEK,

THE HELL CREEK FORMATION CONTAINS AN OCCASIONAL LIGNITE BED. IN THE
SOUTHWEST CORNER OF Sec. 22, T2IN., R4E., ARE THREE BEDS, 8", 6" AnD 24";
THE FORMER TWO ARE 20 FEET APART AND THE LATTER TWO ARE 60 FEET APART. A
48" BED IS IN A CREEK BANK IN Sec. |1, T2IN., R4E. THIS BED COULD BE STRIP
MINED. AVAILABLE LIGNITE 1S CONSERVATIVELY ESTIMATED AT 340,000 TONS FROM
THE HELL CREEK FORMATION.

THE SHADEHILL FACIES AT THE BASE OF THE LUDLOW FORMATION CONTAINS LIGNITE
FROM 8 TO 89 INCHES THICK. |IT WAS MINED IN THE NORTHEAST CORNER OF Sec. 26,
THE CENTER OF SEC. 22 AND IN THE SOUTHWEST CORNER OF SEC, 32, ALL ARE IN
T23N., R4E. AVAILABLE LIGNITE IS CONSERVATIVELY ESTIMATED AT 2,050,000 TONS
FROM THE SHADEHILL FACIES.

THE GIANNONATTI-HILLEN COALS RANGE FROM |2 TO 60 INCHES IN THICKNESS AND
WERE NOT MINED ON A COMMERCIAL SCALE IN THE EARLY DAYS. SEVERAL PROSPECT
PITS HAVE BEEN DUG INTO THEM. AVAILABLE LIGNITE IS CONSERVATIVELY ESTIMATED

AT 6,769,000 TONS FROM THESE HORIZONS.
TOTAL AVAILABLE LIGNITE RESERVE OF THIS QUADRANGLE 1S 9,159,000 TONS.

CHEMICAL CHARACTER. CHEMICAL ANALYSES PROVIDE A BASIS FOR COMPARING

COALS AND DETERMINING THEIR RANK, GRADE AND COMMERCIAL QUALITIES. THE
PROX IMATE ANALYSES ARE AS FOLLOWS.
TABLE
COAL LOCATION |MOISTURE | VOLATILE | CARBON| ASH BULFUR [B.T.U.

TonG.R."E" | Sec 2| T22N| 39.69% 38.27% 7.48%|14.56% | 0.40% | 6803
RSE

SHADEHILL | SEC é4 T2IN| 44.88% 36.22% 9.09%| 9.81% | 0.49% | 7661
4E

LupLow "D'"| Sec Ig T2IN| 31.30% 44,85% | 14.55% | 9.30% | 1.26% | 7964
R5E

LubLow "C"| Sec 18 T2IN 41.40% 42,48% 5.20%| 10,929 1.39%| 7164
RSE ]

ANALYSES BY STATE CHEMICAL LABORATORY, VERMILLION, SOUTH DAKOTA
URAN IUM

OUTCROPS OF URANIFEROUS LIGNITE SURROUND THE NORTH AND SouTH CAVE HiLLS.
RECENTLY MUCH LIGNITE HAS BEEN EXPOSED BY URANIUM OPERATORS IN PITS, HOLES,
TRENCHES OR STRIPPING. |N PLACES ONE CONTINUOUS STRIPPING OPERATION IS
SEVERAL HUNDRED FEET LONG, ALONG A LIGNITE SEAM. THE "“E' BED OF THE LODGEPOLE
FACIES IN THE TONGUE RIVER FORMATION HAS BEEN STRIPPED FOR HALF A MILE. MucH
OF THE URANIFEROUS MATERIAL IS OF COMMERCIAL QUALITY. LACK OF A SUITABLE
PROCESS FOR EXTRACTION OF URANIUM FROM LIGNITE AT THIS DATE HAS HELD BACK
MUCH OF THE DEVELOPMENT.

CLAY

THE HeELL CREEK FORMATION CONTAINS MUCH BENTONITIC CLAY AND SHALE WHICH
MIGHT BE A POTENTIAL SOURCE OF BLOATED SHALE FOR USE AS LIGHT AGGREGATE FOR
CEMENT ING MATERIALS.

PSEUDOSCORIA

THROUGHOUT THE LIGNITE AREA ARE PLACES WHERE LIGNITE HAS BEEN BURNED AND
AS A RESULT THE CLAYS AND SANDS ASSOCIATED WITH IT WERE FUSED, BAKED OR
FIRED. THESE PLACES GIVE RISE TO LARGE THICK MASSES OF BRIGHT RED TO PINK
BRITTLE, HARD ROCK THAT RESEMBLES BROKEN BRICK; SOME ARE HUGE CLINKER BOULDERS.
MANY OF THESE BURNS ARE QUARRIED FOR ROAD SURFACING MATERIAL. A QUARRY IN
Sec. 31, T23N., R5E., 1S OVER 20 FEET DEEP,

GRAVEL

GRAVEL DeposiT PrLeisTocene(?) LocaTep IN Sec's. I8 anp 19, T22N.,
R5E., ON TOP OF AN OUTLYING NORTH CAVE HILLS MESA IS A DEPOSIT OF WHITE
GRAVEL AVERAGING 20 FEET THICK. THIS GRAVEL RESTS ON THE LOWER, MASSIVE
SANDSTONE OF THE TONGUE RIVER FORMATION, |T PRESUMABLY WAS DERIVED FROM
SEDIMENTS OF THE WHITE RIVER GROUP, |IT IS MADE UP MOSTLY OF WHITE, FINE-
GRAINED SANDSTONE OR SILTSTONE CHUNKS AND BALLS OF ALL SI1ZES. |IT 1S THE ONLY
EXTENSIVE DEPOSIT IN THE AREA MAPPED, AND CONTAINS AN ESTIMATED 1,277,760
YARDS OF GRAVEL.
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