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AREAL GEOLOGY OF THE LUDLOW QUADRANGLE
By

Robert E. Stevenson

GENERALIZED COLUMNAR
 SECTION

ANTRODUCTION

THE MAPPING OF THIS QUADRANGLE WAS DONE IN 1955 AS A PART OF THE STATE
GEOLOGICAL SURVEY'S COAL RESOURCES PROGRAM. EXPLORATORY DRILLING FOR COAL
WAS DONE CONCURRENTLY WITH THE MAPPING. THE WRITER WAS ASSISTED BY Sam G.

POSSIBLY THE EQUIVALENT OF THE HARMON LIGNITE TO THE NORTH IN NORTH DAKOTA
(KepFerLE AND CULBERTSON 1955).

HILLEN FACIES: THE COMMERCIAL SEAMS RANGE IN THICKNESS FROM 30 INCHES
70 123 INCHES. THE LIGNITES ARE BLACK IN COLOR, BROWNISH=BLACK IN STREAK,
BRITTLE, BLOCKY LOCALLY FISSILE AND CONTAINS SMALL QUANTITIES OF MELANTERITE OR
JAROSITE, AND MARCASITE. THIS NON-COKING LIGNITE SLACKS UPON DRYING, WHICH
INCREASES ITS B.T.U. VALUE. A PROXIMATE ANALYSIS IS GIVEN IN TABLE |. TABLE
3 GIVES THE TONNAGE ESTIMATES FOR THE HILLEN LIGNITES IN THE LUDLOW QUADRANGLE.

i M.
T COLLINS AND THE DRILLING WAS DONE BY ROBERT A. SCHOON AND ORIN ROSENBAU ROOF ROCK 1S USUALLY CLAY OR SAND (LOCALLY SANDSTONE) AND THE FLOOR 1S PEAT-
0 LOCAT 10N CLAY. THE OVERBURDEN 1S MOSTLY SAND SUITABLE FOR STRIP MINING.
N "
G THIS QUADRANGLE LIES IN THE NORTH CENTRAL PART OF HARDING COUNTY ALONG SEVERE:‘:T:;:T;LE;AC'%ﬁ;CKIZEZEO:Rsl;:gL:“;gi”:E:::G£;°$:;:Y355T:c;:;°$g ?;2
g 535723222 2:KgI:;§gUI:DD?SST:|té:zﬁonI:Eo?RE:ptéEé|::PROXIMATELY o0 Witks INCHES (143 FEET). THE GIANNONATTI LIGNITES HAVE THE SAME GENERAL PHYSICAL
: CHARACTERISTICS AS THE HILLEN LIGNITES (SEE ABOVE). THE LIGNITE PROXIMATE
RAP ANALYSES ARE GIVEN IN TABLE |, AND THE ULTIMATE ANALYSES IN TABLE 2. TONNAGE
R GEQGRAPHY ESTIMATES FOR THE GIANNONATTI LIGNITES IN THE LUDLOW QUADRANGLE ARE GIVEN IN
| THE DOMINANT TOPOGRAPHIC FEATURES OF THIS AREA ARE THE NorTH CAVE HiLLs, Z;BEEAs' T:Engoizglz Ugg:::; iESTEfEQI A:gzlzslgogrr:?gi E?SSA:Ei:gNgéz:fND'
v A GROUP OF MESAS, RIDGES, AND BUTTES TOPPED WITH PONDEROSA PINE AND EDGED WITH BURDEN OF MASSIVE SANDSTONE WHICH MAKES UNDERGROUND MINING NECESSARY. LOCALLY
E CLIFFS; THEY RISE 350 To 500 FEET ABOVE THE SURROUNDING PLAINS ALONG THE WEST= .
R ERN EDGE OF THE QUADRANGLE. THERE ARE SEVERAL SANDSTONE CAPPED BUTTES IN THE é:ozzﬁsioT:ﬁx:R§:§|2N:|5T§:wgzi§|;tzT"E QUADRANGLE; THE OVERBURDEN, 1$: THIN
VICINITY OF LUDLOW, IN THE CENTRAL PART OF THE QUADRANGLE. SMALL SCATTERED .
PATCHES OF BADLANDS ARE FOUND TO THE SOUTH, ALONG THE BurLL CrReEEk DRA | NAGE} I
LODareaLE ELSEWHERE, THERE 15 ROLLING GRASS=COVERED PRAIRIE WITH SCATTERED MESAS AND TABLE | PROXIMATE ANALYSES OF LIGNITE
BUTTES. THREE MAJOR STREAMS, CHARACTERIZED BY WIDE FLAT VALLEYS, FLOW EAST- =
FAGIES WARD ACROSS THE MAPPED AREA. OF THESE, B1G NASTY CREEK HEADS IN THE NORTH Coat Sec. | Tps. | RGe.|MoISTURE Vaiﬁlékz CL::gN AsH  SULPUR|B.T.U.
Cave HiLLS, AND BULL CREEK LIES SOUTH AND CROOKED CREEK TO THE NORTH OF THE
HiLLs. THERE ARE A NUMBER OF SPRINGS NEAR THE BASE OF THE CLIFFS BORDERING s &
. DG 7 | 2IN. | 7E. . . = 7 a
THE NORTH CAVE HILLS AND ADJACENT BUTTES. THE ONLY PERMANENT WATER BODIES ARE CFORE 2 IN E 48.2 18.7 5.6 127.5] 0.l 1,853
NUMEROUS STOCK LAKES. G *%
I ANNONAT 21N, . 44, . . . g 440
F THIS 1S AN AGRICULTURAL AREA, MOSTLY STOCK GRAZING, BUT WITH SOME AREAS HNORATYY 20 IN. | 7E 4 24.0 19.7 | 11.9 | 0.7 |4,
IN SMALL GRAIN., THE CLIMATE 15 SEMI-ARID WITH AN AVERAGE RAINFALL OF 10-14 G - 50
g INCHES., THE AREA HAS ABOUT ONE FAMILY PER 5 SQUARE MILES. THERE 1S A SMALL LANNONAT T 20 | 2IN. | 7E. 46.5 20.6 25.0 7.9 | 0.7 |5
r gg:z;gu:n7 AT LuDLOW. MosT oF THE NoRTH Cave HiILLS LIE IN THE CUSTER NATIONAL GIANNONATT | ** 6 | 2IN. | 6E. 18.0 24.4 25.5 12.1 1.0 5,520
& U. S. HigHwAY 85 RUNS NORTH AND SOUTH THROUGH THE CENTER OF THE MAPPED % .
| AREA. COUNTY, TOWNSHIP, AND FOREST SERVICE ROADS MAKE THE AREA FAIRLY ACCESS- GIANNONATTI 9 | 2IN. |6E. 4.9 29.8 20.4 4.9 1 0.9 4,939
0 IBLE: HILLEN* 24 | 22N. | 5E. 45.5 25.2 14.8 |14.6 | 0.3 |3,917
N :
TRAT | GRA| %
SHADEHILL 30 | 2IN. | 6E. 53.8 21.7 4.6 |19.9 | 0.4 |[1,926
LATE CRETACEOUS, EARLY TERTIARY AND QUATERNARY ROCKS CROP OUT IN THE T T
LUDLOW QUADRANGLE, BUT ONLY THE PALEOCENE LUDLOW FORMATION IS EXPOSED IN ITS ABLE 2 ULTIMATE ANALYSES OF LIGNITE
ENT'REEV' \ONL: go:TL:ENTALsig::T?QS;E P;Efg":OQ:A:Téﬁ ?:Agggzﬁttéxposzn N CoaL Sec. | Tps. | Ree.|CArRBON [HYDROGEN [OXYGEN [NI TROGEN | ASH |SULFUR
LL CREEK FORMATION .
BULL CREEK VALLEY AND ITS TRIBUTARIES IN THE SOUTHWEST CORNER OF THE MAPPED G
I ANNONATT 2 21IN. . % Y d . .4 " .
AREA. ONLY THE UPPER 45 FEET 1S PRESENT. THE DOMINANT LITHOLOGY SEEMS TO BE ARALT 0 T 28,5 6 51.8 0 11.9] 0.7
gz::g:::ngzzxsi:;; BENTONITIC CLAYS WHICH LENSE AND INTERBED WITH GRAY TO BUFF GIANNONATTA 20 |2in | 7e. | 33.0 7.2 50.7 0.5 7.9] 0.7
LupLow FORMATION LLovp AND HARES 1915. THE FORMATION WAS NAMED FOR THE G
A . . . . . : . A
S RRRENATE GOOD EXPOSURES IN THE VICINITY OF LuDLOW. SCATTERED EXPOSURES OF THE LUDLOW FANNOMATTI 6 |2IN. |68 34.6 6.3 45.5 0.5 12.1 1.0
NNOI FORMATION ARE PRESENT IN MOST OF THE QUADRANGLE EXCEPTING ALONG THE WEST EDGE %
AND IN THE NORTHEAST CORNER. THE FORMATION IS CHARACTERIZED BY A SERIES OF . :::t::iz g;oﬁTe;gpg:E"égALAtAB%?;lggv' VERMILLION, SOUTH DAKOTA.
P LENSING AND INTERFINGERING SANDY SEDIMENTS AND ASSOCIATED LIGNITIC FACIES, AND ! i *
1S DOMINANTLY CROSS-BEDDED, WHITE TO BUFF, FINE- TO MEDIUM-GRAINED, CLAYEY OR TAB TET TIM =
SILTY, SUBGREYWACKE SANDS. LocALLY TEESE SANDS)ARE RIPPLE=MARKED WITH BOTH LE 3 LIGNITE TONNAGE ESTIMATES
L osciLLATION (INDEX = 10) AND CURRENT (INDEX = 7) RIPPLES. THERE ARE NUMEROUS TIMATES IN SH "
_ CALCAREOUS CEMENTATIONS. |NTERLENSING WITH THE SANDS ARE SOMBER (BROWN, TAN, Es S IN SHORT TONS
U OR GRAY) SLIGHTLY BENTONITIC SILTY CLAYS; LIGHT GRAY PARTLY FISSILE SILTS, DISTRICT G1ANNONATTI HILLEN SHABERILL TOTAL
CLAYS, AND SILTY CLAYS; AND BUFF SLIGHTLY BENTONITIC SANDY CLAY . SCATTERED LIGNITES LIGNITES Eianttes
D THROUGHOUT THE SEDIMENTS ARE HORIZONS OF HARD ORANGE RED LIMONITIC CONCRETIONS.
MARK ING THE BASE OF THE FORMATION 1S THE SHADEHILL FACIES: A SERIES OF 5
TATE LINE 93 935
L INTERBEDDED WHITE TO GRAY, SLIGHTLY BENTONITIC TO BENTONITIC FINE GRAYWACKE E 5,000 ,000
SANDS, SILTS, AND CLAYS; BROWN PEAT-CLAY; LAYERS OF HARD ORANGE-RED TO BLACK T
T 1 5,661 6,696,000
HILLEN L |MONITIC CONCRETIONS; AND 4 TO 9 SEAMS OF BLACK BLOCKY TO FISSILE LIGNITE EREE FuTTE »035:000 ¥661:000 i
(I INCH TO 77 INCHES THICK). THE SHADEHILL RANGES IN THICKNESS BETWEEN 25 AND RitEy 18,266,000 10,530,000 28,796,000
FACIES 65 FEET.
ONE HUNDRED AND FORTY FEET ABOVE THE SHADEHILL 1S ANOTHER LIGNITE FACIES, 8.2 2427 4.9
000 300 15,684,0
THE HILLEN. |IT 1S APPROXIMATELY 35 FEET OF INTERBEDDED GRAY SLIGHTLY BENTONI= PELHAM »268, ! »000 1969, ' »000
TIC CLAY AND SANDY CLAY, BROWN PEAT-CLAY, BLACK LIGNITIC PEAT-CLAY, AND 3 TO
ATT 28, 149,000 6,824 34,973
E 5 seams (6 INCHES TO 123 INCHES THICK) OF BLACK BLOCKY TO FISSILE LIGNITE. BIANNONATT) 4,00 e V5000
5 ETégosAcles INCLUDES THE Winow CLARK SEAM OF WINCHESTER (1916) AND SEARIGHT ToTALS 55,738,000 25,442,000 5,904,000 87,084,000
LyiIng ABOUT 50 FEET ABOVE THE HILLEN, 1S THE THIRD LUDLOW LIGNITIC FACIES, * THESE ARE CLASSIFIED AS MEASURED RESERVES (LESS
R THE GIANNONATTI. IT 1S A SERIES OF INTERBEDDED BUFF TO GRAY SANDY CLAY AND THAN A HALF MILE FROM AN OUTCROP) THE ADDITION OF
CLAY, BROWN TO TAN FISSILE SILTY CLAY WITH PLANT FRAGMENTS, BUFF FINE GRAINED =
R AND A R R SS T MILES
M SUBGRAYWACKE, BROWN PEAT=CLAY, AND | To 5 seams (| INCH TO |74 INCHES IN THICK- ;:g:RAEDouTcRégglzoZEg Mgii :EiN(;guzLEHﬁ:EBTON:AGE
NESS) OF BLACK BLOCKY AND FISSILE LIGNITE. THE FACIES, WHICH IS ABOUT 60 FEET R — CSTIMATE. BASED ON & MINIMUM THICKNESS OF 30 INCHES
A THICK, MAY BE THE CORRELATIVE OF THE BISON FACIES 50 MILES FARTHER EAST (BoLIN BTATE / LoDGEPOLE LIGNITE: THESE LIGNITES CONTAIN SO MUCH
1955), AND THE T-CROSS SEAM JUST TO THE NORTH IN NORTH DAKOTA (KEPFERLE AND ‘-Llﬂ§44r C T | - "
T CULBERTSON |955) THe U. S. GEOLOGICAL SURVEY'S ngn "C" AND D" SEAMS ’ EPEE ASH (SEE ABLE ) AND ARE ALL BELOW THE MINIMUM COM
(KNG i955) ARE ;QU|VALE;T ;o THIS FACIES 2 2 o \ MERCIAL THICKNESS OF 30 INCHES. THEREFORE, THEY ARE
L : ILEY \BuTTE NS | DERE AN OITABLE RAL F .
| THE SHADEHILL, HILLEN, AND GIANNONATTI FACIES ARE CHARACTERIZED BY THE i NOT ‘GoNa b A3 et MINERAL FUEL
PRESENCE OF JAROSITE, MELANTERITE, AND SELENITE. e ey i A
: ALTHOUGH THERE ARE MANY URANIUM PROSPECTS
0 TonGuE RIVER (TAFF 1909) THE NorTH CAVE HiLLs AND EAGLES NEST BUTTE ON ' GiAN- %%%NéEHERAL MINES IN THE TONGUE RIVER AND UPPER Lup-
THE wWesT; CEDAR BuTTE, FLAT Top BuTTe, AND FLINT HILLS IN THE CENTER; TerPee pEL"A“,NONATTI LOW SEDIMENTS, NO ORE HAS BEEN SHIPPED FROM THIS
N BUTTES IN THE NORTHEAST; AND SEVERAL SMALL BUTTES IN THE SOUTHEAST ARE CAPPED QUADRANGLE AT THE PRESENT TIME PRIVATE PROSPECTING
BY T“; rass;vz SANDSTONES OF T"E TonGuE RIVER FORMATION. FiG. I-INDEX MAP FOR WITH CORE DRILLS HAS OUTLINED THE LARGER DEPOSITS AND
SHADEHILL ITH THE EXCEPTION OF THE LODGEPOLE LIGNITIC FACIES, THE FORMATION IS LiGNITE TONNAGE THERE HAS BEEN SOME STOCKPILING AT THE PICKPOCKET AND
DOMINANTLY SANDY, CHARACTERIZED BY TWO MASSIVE SANDSTONES; A LOWER, WHITE TO ESTIMATES RELF MINES. THE PRINGIPAL. ORE HORIZONS ARE THE LiG-
LIGHT GRAY, COARSE- TO MEDIUM-GRAINED, CALCAREOUS SUBGRAYWACKE, CROSS-BEDDED 2 nen
P
WITH LOCAL HORIZONS OF ANGULAR FINE WHITE SANDSTONE PEBBLES; AND AN UPPER, BUFF W FK |955"'TES' ESPECIALLY THOSE OF THE LopeepoLe rFacies (ME
FACIES WHITE TO GRAY, FINE- TO MEDIUM- GRAINED, CALCAREOUS SUBGRAYWACKE, CROSS-BEDDED ?:g TONGSED;|3ER ;:g;ATION) Bgzzuﬁszéfzuhﬁzopgggzﬁi ;: 3755237§§T§3"3§Z§:§§-0F
.
géﬁﬁiifgnwégzstéﬁg"é:'?Niliéziszﬁ"gutgcA?T:su~3gNﬁg§:ﬂﬁTég;.NI;E giﬁ;AgEoﬂgE URANIUM COMPLEX'" AND AUTUNITE IN THE LIGNITE. TYPICAL ASSAYS OF THE LODGEFOLE
’ . - ’ IGNITES ARE SHOWN IN TABLE 4.
SUBGRAYWACKE AND SUBGRAYWACKE SAND; GRAY-BROWN AND BUFF FINE CLAYEY SAND AND L :
CLAY-SHALE WITH CLAY STREAKS, LIMONITIC STREAKS, AND LIMONITIC CONCRETIONS, THE PRINCIPAL COMMER= TABLE 4 URANIUM ASSAYS
BUFF TO WHITE CLAYEY SILT, AND GRAY TO TAN BENTONITIC CLAY. CIAL DEPOSIT IN THE NORTH
HELL CREEK ABOUT 140 FEET ABOVE THE BASE OF THE FORMATION |S THE LODGEPOLE LIGNITIC Cave HilLs (Secs. 22, 26 Sec. Tes. |Ree. |% UrANIUM | ReFerence
FACIES. |IT IS A SERIES OF INTERBEDDED BUFF SUBGRAYWACKE SAND AND SANDY CLAY, 27. 35. T. 22 N 'R.s E') , )
FORMAT ION SLIGHTLY BENTONITIC LIGHT GRAY CLAY AND CLAY-SHALE, BLACK CARBONACEOUS CLAY, |5'|N ;HE‘VICIN];Y éF RILEY seaswize | 22n. | se 0.19 « GiLL (1954)
BROWN PEAT-CLAY AND ONE TO THREE THIN SEAMS (| INCH TO 27 INCHES THICK) OF Pass. AN AREA OF ABGUT 440 " J = i
FRIABLE URANIFEROUS LOW=-GRADE LIGNITE. :
ACRES 1S UNDERLAIN BY ABOUT Sw 22 22N. | 5E. O . Giee (1954)
uen "new
THE LODGEPOLE FACIES INCLUDES THE "E" AND "F" BeDs oF King (1955) AND 1s |6 INCHES OF URANIFEROUS

LIGNITE THAT CONTAINS 0.76%
uranium (GiLL, 1954).

RECENT DEPOSITS MAPPED AS ALLUVIUM ARE THE RECENT ACCUMULATIONS OF SILT,
SAND, AND GRAVEL IN THE VALLEYS OF THE MAJOR STREAMS. GAS: THE WESTERN EDGE OF THE QUADRANGLE 1S ONLY 6F MILES EAST OF THE
STRUCTURE SouTH CAVE HiLLs (BUFFALO) OIL FIELD. THE FIELD PROBABLY LIES ON THE EAST
FLANK OF THE SOUTHEAST TRENDING CEDAR CREEK ANTICLINE (STEVENSON, 1956).

THe LUDLOW QUADRANGLE LIES ON THE SOUTHWEST FLANK OF THE DakoTA (WiLLISTON)
BASIN. THE REGIONAL DIP INTO THE BASIN IS ABOUT 22 FEET PER MILE. MINOR FAULTS
AND SHALLOW FOLDS (AMPLITUDE AND DISPLACEMENT LESS THAN 20 FEET) ARE PRESENT,
BUT HAVE NO PERSISTENT STRIKE. IN THE SW% Sec. 9, T. 21 N., R. 6 E., THERE IS
AN AREA OF A PERSISTENT DIP OF 3% To THE SOUTHEAST.

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. |IN RECENT YEARS, THERE HAS BEEN CONSIDERABLE URANIUM PROSPECTING
BUT NO PRODUCTION., BAKED CLAY AND CLINKER HAVE BEEN QUARRIED SPORADICALLY FOR
LOCAL ROAD TOPPING,

COAL: THERE ARE FOUR LIGNITIC HORIZONS IN THIS AREA, THE SHADEHILL, HILLEN,
AND GIANNONATTI FACIES OF THE LUDLOW FORMATION AND THE LODGEPOLE FACIES OF THE
ToNGUE RIVER FORMATION., THE THREE LUDLOW COAL FACIES CONTAIN MINABLE SEAMS,
IN THE PELHAM AREA IN THE SOUTHWEST PART OF THE QUADRANGLE, THE RILEY AREA IN
THE WEST-CENTRAL PART, THE GIANNONATTI AREA IN THE SOUTHEAST PART, THE TEPEE
BUTTE AREA IN THE NORTHEASTERN PART, AND THE STATE LINE AREA IN THE NORTHWEST
PART OF THE QUADRANGLE (SEE INDEX MAP).

SHADEHILL FACIES: MINABLE SEAMS RANGE FROM 30 TO 46 INCHES IN THICKNESS.
THE LIGNITE IS BLACK IN COLOR WITH A BROWNISH-BLACK STREAK, BRITTLE, BANDED,
FISSILE AND LOCALLY BLOCKY. |T 1S NON-COKING AND SLACKS UPON DRYING. A
PROXIMATE ANALYSIS 1S SHOWN IN TABLE |. TONNAGE ESTIMATES OF SHADEHILL LIG=
NITES FROM THE PELHAM AND STATE LINE AREAS ARE SHOWN IN TABLE 3. ROOF ROCK IS
EITHER CLAY, SAND, OR SOFT SANDSTONE, AND THE FLOOR IS CLAY OR PEAT=CLAY.
STRIPPING METHODS OF MINING COULD BE USED AS THE OVERBURDEN IS MOSTLY UNCON-
SOLIDATED ROCKS.

THE FLANKS OF THIS ANTICLINAL STRUCTURE MAY EXTEND UNDER PART OF THE
LUDLOW QUADRANGLE AND OTHER BURIED STRUCTURES MAY BE PRESENT.  THE PRODUCING
HORI1ZON IN THE SOUTH CAVE HiLLS FIELD 1S THE ORDOVICIAN RED RIVER FORMATION
(WHICH LIES AT DEPTHS OF ABOUT 9100 FEET IN THE LuDLOW QUADRANGLE). ANOTHER
POSSIBLE OIL HORIZON IS THE MISSISSIPPIAN MISSION CANYON FORMATION (AT DEPTHS
OF ABOUT 7300 FEET IN THIS AREA), WHICH PRODUCES IN NORTH DAKOTA,

ROAD MATERIAL: BAKED CLAY AND CLINKER FROM THE SCATTERED LIGNITE BURNS ARE
USED LOGALLY FOR ROAD MATER{AL, BUT WHEREAS THE CLAY TENDS TO POWDER RAPIDLY,
THE GLINKER HOLDS UP WELL UNDER NORMAL FARM TO MARKET TRAFFIC. THE CLINKER
DOES NOT OCCUR IN LARGE ENOUGH DEPOSITS TO BE COMMERCIALLY EXPLOITABLE.
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