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Hell Creek Formation

EXPLANATION
SEDIMENTARY ROCKS

Alluvium
(Floodploin deposits of silt,
sond, and grovel in present
major stream volleys)

Qad

Alluvium Deposits

{Floodpiain and iow terrace
deposits of angulor gravel
silt, ond clay of locol deriv-
otion )

NN

Older Alluvium

(Older volley-bottom de-
posits obove present streams)

Qtd

Terrace Deposits

(Terrace deposits of silf,
sand, and grovel along
the Grand River)

Qte

Terrace Rubble

(Terroce deposits of fluyial
anguiar gravel ond silfy
sond locally derived mainly
from the Cannonball for-
mation)

Qg

Terrace Gravels
(High terroce deposits of
sub-quorlzose coarse
sand and gravel)

Tpt |

Tongue River Formation
(Grey, brown fo rose, medium
fo coarse groined quartzose
semi-consolidated, cross-
bedded sand with abundont
wrreguiar colcareous cemen-
tations, grey to fan clay,
silty clay, and clayey sands
with piant fragments. Tpti-
Lodgepole facies-a seom
(1'-2") of biack fissil lgnite)

Cannonball Formation

(Grey to buff clay and fine
groined quortzose sond
ond cloyey sand with nu-
merous dark grey limesfone
concretions. Abundont cal-
careous sandstone ledges
and lenses. Local ferrug-

Ludlow Formation

(Grey to buff, medium and
fine grained, arkosic and

| to & black biocky or fissile
lignite (2°-I'l') seams and
associated sands, cloys
ond peat-cloys)
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Upper cool herizon-

0-1.5" seam of block

block lignite and associa-

ted beds of brown peot-
_ clay)

DRAINAGE

Intermittent Streoms

RSSO

Intermittent Lakes
CULTURE

Buildings
(Mouse, church ond school)

Roads and Trails

Altitudes
(in feet above sea level)

BM
X (706

Bench Marks

(Monuments marking points
of known altitude)

A RENA

Triongulation Stations

(U.S. Coast 8 Geodetic
and/r U.5. Geological
Survey monuments mork-
ing points of exact geo-
grophic location)

% Operating
R Abandoned
Goal mines and Gravel pits
2323 Top Hole

}% Mrlg:’m

Drill Holes

Sheil Oil Co.
Winter Nol

Qil-test Borings

g 1

Dams

(Lorge, small earthen or
cement)

- -

Parks

£ (State, recreation grounds)
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GEOLOGY OF THE LEMMON QUADRANGLE

GENERAL IZED COLUMNAR SECTION
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FACIES
HELL CREEK
FORMATION

By

RoBERT £. STEVENSON

INTRODUCT |ON

THIS QUADRANGLE WAS MAPPED IN THE SUMMER OF
1953 AS A PART OF THE STATE GEOLOGICAL SURVEY'S
COAL RESOURCES PROGRAM., EXPLORATORY DRILLING FOR
SUBSURFACE COAL WAS ALSO DONE IN 1953,

CAT

THE QUADRANGLE LIES IN THE NORTHEASTERN COR=-
NER OF PERKINS COUNTY AND ALONG THE NORTH DAKOTA
LINE. THE AREA 1S APPROXIMATELY |34 MILES NORTH=
WEST OF PIERRE AND |34 MILES NORTHEAST OF RAPID

City,.
GEOGRAPHY

IS A SPARSELY INHABITED REGION OF
INTERRUPTED IN THE SOUTH BY
THE QUADRANGLE HAS
| TS NORTHERN
THE
INTO THE

THE AREA
ROLLING PRAIRIE LANDS
THE VALLEY OF THE GRAND RIVER.
AN APPROXIMATE RELIEF OF 575 FEET.
EDGE LIES ON THE GRAND-CANNONBALL DIVIDE.
LARGER STREAMS ARE INTERMITTENT AND EMPTY
GRAND RIVER.

THE GRAND RIVER MEANDERS OVER A 2 TO 2% MILE
WIDE VALLEY. THE VALLEY 1S CHARACTERIZED BY A
FLOODPLAIN WITH OXBOW BASINS AND A SERIES OF THREE
DEPOS | TIONAL TERRACES.

THE FIVE PERMANENT WATER BODIES ARE ALL ARTI=
FICIAL LAKES; LEwmmonN LAKE, FLAT CREEK LAKE, A POR-
TION OF SHADEHILL RESERVOIR, AND TWO SMALL UNNAMED
LAKES IN Sec. 16, R. 19 E., T. 22 N., AND SEC. 2,
R. 18 E., T. 22 N. SHADEHILL DAM, BUILT BY THE
U. S. BUuREAU OF RECLAMATION, 1S 120' HIGH AND 1960
LONG EXCLUDING THE SPILLWAY. |IT 1S LOCATED AT THE
JUNCTION OF THE NORTH AND SOUTH FORKS OF THE GRAND
RiVER, ABOUT |.| MILES WEST OF SHADEHILL.

THE CLIMATE IS SEMI=-ARID WITH AN AVERAGE RAIN-
FALL OF |4=17 INCHES. DRYLAND FARMING AND STOCK
GRAZ ING ARE THE PRINCIPAL AGRICULTURAL PURSUITS,

THE ONLY TOWN IN THE AREA 1S LEMMON WITH A
POPULATION OF 2,760, BUT THERE IS A POSTOFFICE AND
STORE AT SHADEHILL. LEMMON 1S SERVED BY THE MAIN=
LINE OF THE CHICAGO, MILWAUKEE, ST. PAUL AND PACIF-
Ic, U. S. HigHwAaYy |2, AN EAST-WEST ROUTE, PASSES
THROUGH LEMMON AND SouTH DakoTA HIGHWAY 73 GOES
SOUTH FROM LEMMON THROUGH SHADEHILL. NUMEROUS
COUNTY AND TOWNSHIP ROADS MAKE THIS REGION FAIRLY

ACCESS|IBLE.
STRAT IGRAPHY

CRETACEOUS, TERTIARY, AND RUATERNARY SEDIMENTS
COMPRISE ALL OF THE EXPOSED ROCKS.

Herl CREEK FORMATION Brown 1907, UPPER MEMBER:
ALONG THE GRAND RIVER AT THE SOUTHERN EDGE OF THE
MAP, 25-85 FEET OF THE HeLL CREEK FORMATION OUT-
CROPS, THE STRATA ARE INTERBEDDED AND LENSING,BUFF
AND GREY SUBGRAYWACKES, DARK GREY TO BROWN BENTON-
ITIC CLAYS, BUFF BENTONITIC CLAYEY SANDS, GREY CLAYS,
AND BROWN PEAT-CLAYS. LOCALLY THERE IS A COAL HORI=-
ZON WITH 3" TO |8" OF BLACK, BLOCKY, AND FISSILE
LIGNITE, THERE ARE NUMEROUS HORIZONS OF MANGANESE=
IRON CONCRETIONS, AND OCCASIONAL LOCAL CEMENTATIONS,

LupLow ForMATION (LLoyp AND HARes 1915): THe
SCATTERED EXPOSURES ARE RESTRICTED TO THE SOUTHERN
HALF OF THE QUADRANGLE AND BEST SEEN ALONG THE MA-
JOR STREAMS. THE LuDLOW IS A HETEROGENOUS SERIES
OF LENSING LITHOLOGIES; GREY TO BUFF, MEDIUM=TO
FINE-GRAINED ARKOSIC AND GRAYWACKE SANDS, CLAYEY
SANDS AND SANDY CLAYS WITH NUMEROUS SLABBY LENTICU=
LAR AND LEDGE-LIKE CALCAREOUS CEMENTATIONS, AND
GREY TO BROWN, FISSILE TO MASSIVE SILT AND CLAY. THE
STRATA ARE BOTH THIN-BEDDED AND MASSIVE, EXHIBITING
ABUNDANT CROSS=BEDDING AND OCCASIONAL OSCILLATION
RIPPLE MARKS (INDEX-10-).

LOCALLY AT THE BASE OF THE FORMATION IS THE
SHADEHILL LIGNITE FACIES: 20 (?) TO 70 FEET OF IN-
TERBEDDED BROWN PEAT=CLAY; GREY SHALE, CLAY AND
SILTY CLAY; GREY AND BUFF FINE, SUBGRAYWACKE SAND
WITH CEMENTATIONS; AND 5 TO 7 SEAMS OF BLACK, BLOCKY,
AND FISSILE LIGNITE, WHICH RANGE IN THICKNESS FROM
I" 1o 27" (Average 3" 10 8").

THE HILLEN LIGNITIC FACIES, WHICH OUTCROPS IN
THE QUADRANGLES TO THE EAST AND WEST, WAS NOT SEEN.

THE FORMATION 1S APPROXIMATELY L50 1O 200°
THICK AND THE UPPER PORTION INTERFINGERS WITH THE
CANNONBALL FORMATION,

CANNONBALL FORMATION LLoyDp 1914: Goop OUTCROPS
OF THIS FORMATION ARE RARE, BUT FRAGMENTS OF THE
CHARACTERISTIC CONCRETIONS ARE SCATTERED OVER THE
LOWER UPLANDS IN THE EAST=CENTRAL, NORTH-CENTRAL AND
WEST=CENTRAL PARTS OF THE MAP AREA. THE CANNONBALL
FORMATION CONSISTS OF ABUNDANT SMALL AND MEDIUM,
DENSE, DARK GREY LIMESTONE CONCRETIONS, AND LARGER
LEDGE=-L IKE OR LENTICULAR CALCAREOUS CEMENTATIONS IN
A MATRIX OF GREY TO BUFF SILTY CLAY, AND CLAYEY FINE-
GRAINED GRAYWACKE SAND. LOCALLY, THERE 15 A 2"-7"
LEDGE OF FERRUGINOUS AND CALCAREOUS GRAYWACKE SAND=-
STONE., THE LIMY ROCKS CARRY A MARINE FAUNA OF SMALL
TO MEDIUM MOLLUSCS,.

THE CANNONBALL FORMATION HAS AN APPROXIMATE
THICKNESS OF |20 FEET. THE LOWER PART OF THE FORMA=
TION INTERFINGERS LATERALLY WITH THE UPPER PART OF
THE LuDLOW.

TonGUE RiVER FORMATION (TAFF) 1909: THE LARGE
CEMENTATIONS OF THESE STRATA ARE EXPOSED ON THE HIGH
UPLAND RIDGES IN THE NORTHWEST AND NORTHEAST POR=
TIONS OF THE MAP., |TS LITHOLOGY IS DOMINATED BY
MASSIVE, COMMONLY CROSS=-BEDDED, BUFF AND TAN, MEDIUM
10 FINE, (LOCAL SCATTERED CLAY PEBBLES) SUBGRAYWACKE
SAND WITH NUMEROUS LENTICULAR, SUB=SPHERICAL AND
ELONGATE CALCAREOUS CEMENTATIONS, |INTERBEDDED WITH

THESE SANDS ARE BROWN AND GREY CLAYS, GREY SILTY CLAYS, BROWN PEAT=-CLAYS AND

BUFF CLAYEY SANDS. OSOME OF THE CLAYS CONTAIN WELL PRESERVED LEAVES. THE FOR-
MATION 1S APPROXIMATELY 240 FEET THICK.
ABOUT 90 FEET ABOVE THE BASE 1S THE LODGEPOLE LIGNITE FACIES, A DISCON-

TINUOUS SEAM 9" To 23" THICK OF BLACK FISSILE CLAYEY LIGNITE WITH ASSOCIATED
CLAYS AND PEAT CLAYS. HERE THE FACIES 1S ABOUT 3 FEET THICK, BUT IN THE NEXT
QUADRANGLE WEST, IT REACHES A THICKNESS OF 26 FEET.

TERRACE GRAVELS: IN THE SOUTHERN PART OF THE QUADRANGLE, ADJACENT TO THE
GRAND RIVER, IS A SERIES OF HIGH TERRACES CAPPED WITH 3 TO 20 FEET OF SuB-
ARKOSIC PEBBLE TO GRANULE GRAVELS AND COARSE SAND.

TerRACE DEPQOSITS: ALONG THE GRAND RIVER AND THE LOWER REACHES OF THUNDER
Hawk AND FLAT CREEKS ARE A NUMBER OF TERRACES CAPPED BY FINE TO COARSE SAND,
SOME SILT AND OCCASIONAL PEBBLE CONGLOMERATES. THIS CAPPING RANGES FROM A
THIN VENEER TO ABOUT 4 FEET IN THICKNESS,

TeERRACE RuBBLE: LOW TERRACE DEPOSITS ADJACENT TO A MAJOR STREAM WHICH CON-
SIST OF COARSE ANGULAR GRAVEL AND SILTY TO CLAYEY SAND. THE MATERIAL IS DE=-
RIVED PRINCIPALLY FROM THE LupLow, CANNONBALL, AND TONGUE RIVER FORMATIONS.
THEY VARY IN THICKNESS FROM A THIN VENEER TO ABOUT 3 FEET.

STR R

THERE 1S A SLIGHT REGIONAL DIP (20 FEET PER MILE) TO THE NORTHWEST AND
CENTER OF THE DAkOTA (WiLLisToN) BAsIN. THERE ARE LOCAL STEEPENINGS OF THIS
DIP, 1.E. REGION OF LEMMON LAKE WHERE IT GETS UP TO 40 TOo 50 FEET PER MILE,
SUPER IMPOSED UPON THIS REGIONAL STRUCTURE ARE SMALL MINOR FOLDS AND FAULTS WITH
AMPL I TUDES AND DISPLACEMENTS OF LESS THAN 20 FEET.

ECONOMIC GEOLOGY

GRAVEL 1S THE ONLY CURRENTLY EXPLOITED MINERAL RESOURCE IN THIS AREA.
THERE 1S IN ADDITION SMALL AMOUNTS OF BENTONITIC CLAY WHICH HAS POTENTIAL VALUE.
SMALL QUANTITIES OF LIGNITE HAVE BEEN MINED IN THE PAST, BUT ACCORDING TO PRES=
ENT-DAY STANDARDS, THERE ARE NO COMMERCIAL COAL DEPOSITS IN THIS AREA.

GRAVEL : PEBBLE GRAVEL AND COARSE SAND DEPOSITS OCCUR ON A SERIES OF HIGH
TERRACES ADJACENT TO THE GRAND RIVER. THE MATERIAL 1S CLEAN, HIGHLY QUARTZOSE
AND MAY BE USED FOR CONCRETE AGGREGATE AND ROAD METAL. ESTIMATED CUBIC YARDAGE
FOR THE LARGER DEPOSITS IS GIVEN IN TABLE |.

THE TERRACES OF THE GRAND RIVER ARE COVERED BY COARSE ALLUVIAL DEPOSITS
OF GRAVEL, SAND, AND SILT. THESE ARE ADEQUATE FOR USE AS ROADMETAL. THE
ESTIMATED CUBIC YARDAGES OF THE LARGER DEPOSITS 1S SHOWN IN TABLE |.

ANGULAR GRAVEL DEPOSITS OCCUR ALONG THE LOWER REACHES OF FLAT AND THUNDER
HAWK CREEKS., THESE DEPOSITS ARE CHARACTERIZED BY BROKEN CONCRETIONS AND SAND-
STONE FRAGMENTS FROM LOCAL FORMATIONS AND CONTAIN A HIGH PERCENTAGE OF SILT AND

CLAY. THEY CAN BE USED AS ROAD METAL.
TABLE |
SECTIONS ]Twp. Ne Ree. E. ACRES AVE, THICK. Est. CuBiC YDS.
—_— = = =
?ERR CE GRAVELS
17,20,21,28 21 19 200 10 3,549,333
10,11,14,15 21 |7 138 7 |,558,477
1,12,13, 14 21 17 81 7 914,760
13,18 21 18=19 158 3(2) 764,720
TERRACE DEPOSITS

23,24,25,18,19 21 17-18 96| 3 4,651,240
19,20,21,27,28,29
30 21 19 1325 2(? 4,275,333
23,24,25,19,30 21 18=19 646 2 2,084,426
19,20 21 18 307 4(7) 1,981,173
14,15,22,23 21 18 360 3 |,742,400
7. 17418 21 18 321 3 1,553,640
14:15,22.23 2\ 18 265 33 1,497,173
_ __TERRACE RUBBLE
27,35, 1,2 2| =22 7 1218 2(?) |,965,040
33,3,4,9 21=22 19 1090 2% 1,758,583

CLAY: SOME OF THE CLAY HORIZONS IN THE HeELL CREEK FORMATION CONTAIN A

HIGH PERCENTAGE OF BENTONITE AND MAY BE USED AS A SEALER

CoaL: NONE OF THE COALS PRESENT IN THIS AREA HAVE PRESENT=DAY COMMERC |AL
POTENTIALITIES., THE LUDLOW FORMATION IN THIS QUADRANGLE CONTAINS ONE DISCON=-
TINUOUS COAL HORIZON--THE SHADEHILL LIGNITE FACIES. THE TONGUE RIVER CONTAINS
A DISCONTINUOUS HORIZON OF LIGNITE-=THE LODGEPOLE FACIES. THERE 1S A LOCAL LIG=-
NITE HORIZON IN THE UPPER HELL CREEK WHICH OUTCROPS IN THE BANKS OF THE GRAND
River I1N Sec. 23, T. 21 N., R. 16 E.

A BRIEF DESCRIPTION OF THESE LIGNITES FOLLOWS:

HeLr CREEK LIGNITE; BLACK, FISSILE AND BLOCKY LIGNITIC COAL I8" THICK.
EXPOSURES COVER A VERY SMALL AREA, LESS THAN ¥ MILES IN LINEAR DISTANCE., AN
ANALYSIS 1S GIVEN IN TABLE 2,

SHADEHILL; 5 TO 7 BLACK, FISSILE AND BLOCKY LIGNITIC COAL SEAMS, VARY ING
IN THICKNESS FROM |" 1O 27" (AVvERAGE 3"-8"). THICKNESSES OVER |8" ARE NOT
COMMON, ANALYSES ARE GIVEN IN TABLE 2,

LODGEPOLE; BLACK, FISSILE, IN PART CLAYEY LIGNITIC COAL DISCONTINUOUS SEAM
WHICH MAY THIN TO PEAT-CLAY IN LESS THAN A QUARTER MILE.

IN EARTHERN DAMS,

TABLE 2
VOLATILE |F IXED
CoAL LOCATION Mo)STURE| MATTER |[CaArBON| ASH | SULFUR | BTU

HeLLr CReek | ALong GRAND RIVER

S5 23 T2 Ny Ri 16E5 31,93% [34,97% 125,30%| 7.80%10,38%17,356
SHADEHILL LEMMON LAKE SPiILLWAY

S, 18 T.2IN;.R:16E, 30,79% 138,09% 124,98%| 6.14%]0,63%17,650
SHADEHILL | SHADEHILL SPILLWAY

§5: 24 Ta2tNsRel7Es 25.,32% 128.52% 16.76%129.40%10.36%|5, 354




