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' igni COMPOSTTE C(C))I;IL’JI'MNII\?E)I\?EF(':JIIZOMNAT(I)SNPART oF THE 5181000m. |\ 5 2 — Kl ~ 20— 5 Ll N Ty N > i o od PR : . 91 Y[ PP 7 : LA ) N CORRELATION OF MAP UNITS Th Tongue ‘River Merber—Yollowish-gisy to gragish- INTRODUCTION About 1.25 ft above the Shell lignite bed is a distinctive coquina, consisting of small The age of the Sentinel Butte Member is generally accepted as Paleocene. The age of
Note: Underlined numbers show depth (feet) from ground surface to top of lignite bed F U == X \ e NS O e AAN o W | R e \ ~ R . / . Nl Gz 2 Y I/ . vellow fine-grained sandstone and silistone inter- The Clark Butte NE quadrangle was mapped in 1964 as part of the U.S. Geological O.§-in. pelgcypods Corb'u[a mactn:formis Meek and Hayden, and larger gastropods. tl}e underlyjng Tongue River is Puercan or gar]y Torrejo.nia.m. The strati.graphically
D ISCOVERY BED S P (1 inch equals 50 feet) ~ mixed with light-olive-gray to yellowish-gray clay- Survey's program of classifying and evaluating Federal mineral lands. During the This yellowish-brown-stained coquina (IO'YR 4-6/2-4: Goddard, 1?70) was usef:l asa higher Sentme} Bu'tte therefore has an uncertain lower age limit. The overlying Golden
i e 1 HERHT I\IIBUR SOB\!IEVD LIGNITE BED | MAP Q Holocene stone; weakly consolidated. Also contains brown car- summer of 1966, test holes were drilled to determine the quality, thicknesses, and extent marker bed throughout the quadrangle. Tlsd.ale (1'941, o) 1‘1) described .t.hls b'ed in the Valley Fo@ahon is Paleoceng ‘and Eocene. ‘ .
: -+ R. . ) - % RS 4 NAME SYMBOL SECTION NOTES < Holocene and (or) bonaceous mudstone, yellowish-brown ironstone of lignite beds in the Fort Union Formation of Paleocene age. Heart Butte quadrangle to the east and ascribed its formation to deposition in a liake. The .enwronment 'of deposm’on of the Sent‘mel Butte was similar to that of the
oo 20 Gon8) Sem A2 Sec. 3; Pleistocene concretions, gray concretionary limestone, mollusk STRATIGRAPHY ; Ir:n thtc)e edastem pal:t oflthe quadr?lngle }tlhe b]—?di bgtwien the I((jobehller agfi Many Sprn:nl_gs u.nde.rlymg Tong.ue River. 'ljhe.shghtly larger se'dlment transported as a g@ded suspen-
\ QUATERNARY 14 shells, and lignite _ _ o gnite beds are strikingly more yellow than the beds above and below this sequence. To sion in the Sentinel Butte indicates that Sentinel Butte streams had a slightly higher
Qtg SV Y | |GNITE BED_Dashed wher T About 540 ft of uppermost Fort Union strata is exposed in this quadrangle. Subsur- the west the contrast in color is less. velocity than Tongue River streams (Royse, 1970, p. 68).
Pleistocene A ot doshed sihars wnferer préoi(tm;a ei ocaied; face sedimentary rocks, ranging in age from Cambrian to Paleocene, total about 11,300 Mollusk fossils are abundant between the Shell and Many Springs lignites but are TERRACE DEPOSITS
i ed; dotted where con- : L : : . : : ;
Lignite ssaled, Lettors tndicas ligitte bad iamed inthe.con. ﬁ] (pzlnson tzimd Slﬂ, c11965d, fpl. 5(3. Sulr(ﬁaal d.elfoglts'ct:t?r;lpnsedt?rra.ie gec;i)osﬁs,d alli}mum, ?clalrce above the Man};lz Stl::rmgs t;eds.li). 1\:/ Telxlylor fiwll;ltte]r)l cEml;nun., 1966) rr:%e ttllje Fotir someviliat eveflspping ferrace deposiis occur about60-90, 90-140, 140- 180
Stems, leaves, seeds D, L . . A glacial erratics, baked and fused rock associated with burned lignite beds, and siliceous ollowing report on the basis of mollusks collected by D. L. Rasmussen and G. D. . - ’ 3
posite columnar section. Thickness of lignite, in feet bbl and 180-230 ft above the Heart River. The younger terrace deposits (lower terraces)
UNCONFORMITY ’ ’ rubble. 3 . g 3 . i1 s
o measured at triangle (where two or more thicknesses l‘\d]?: Bt i ¢ Bell P C ’ b C ’ - generally have sandy gravel overlain by silty sand or sandy silt. Fine material is less
Tfs are given, the first is the highest stratigraphically). FORT UNION FORMATION © as_socg on ? e Zmy a retusa, damp ¢ on;a Cnle rascense, L.ampe Or_naf 'mé abundant in the older terrace deposits than the younger terrace deposits. The gravel is
Z Paleocene TERTIARY Circled number refers to plotted lignite section meas- The Fort Union Formation is estimated to be about 1,370 ft thick in this quadrangle r‘:g); ‘]’"T"S\’,V s }? c rt.Jts.cel? 55 P rto gcta,f ,?n ) gop a(tra.dtelg ullcannat()l ° ,OEI{I}: mostly composed of pebbles less than 1 in. in diameter but locally contains cobbles.
P ured at triangle. 0.0 indicates lignite horizon and comprises four members, in ascending order the Ludlow, Cannonball, Tongue lower!;ilrrr:it isyt?rrlr;g]rst;a’\i\r? if\r:;mlz a?;)zrsnrlloool(;ee?ro:krsr?; ;?E;o:;d-a:;;cce)rtfera;Zés th: Most pebbles are calcareous sandstone and siltstone, ironstone, concretionary and
Discovery D mapped, but no lignite is present; A indicates hand- River, and Sentinel Butte. The Cannonball Member is marine; other members are . ’ ) % freshwater limestone, chert, petrified wood, and orthoquartzite. The pebbles are some-
— ; auger hole to next lower lignite nonmarine and lignite bearing. Only the two uppermost members are exposed. collgctlons siieadymace have ot beerjehudied o th.e necessary ﬁ.e iwors hets r.10t been what angular and were derived from reworking of local formations. Most of the freshwa-
= Calcareous concretions A%:39  ABANDONED LIGNITE STRIP MINE—Lianite thickn ) carried out. As the fauna of the Lance Formation is clearly distinct [from this faunal ter limestone fragments were derived from erosion of the Oligocene White River
Ironstone concretionary layer IGASIRICKNESS Ludlow and Cannonball Members.—These members probably interfinger beneath association], the uncertainty about the lower age limit is early Paleocene (Puercan and : . . :
a (in feet) measured at mine. A indicates hand-auger . P ——— . S e - - S i ) Formation. Other pebbles were derived from the erosion of the Fort Union and Golden
c . g this quadrangle and they are not readily distinguishable on the basis of drill-hole early Torrejonian). Within the Powder River Basin, this Torrejonian fauna is found only . . . . .
Local OH hole to lignite bed in mine : : . . i . Valley Formations. Well-rounded pebbles of quartzite, porphyritic felsic volcanic rock,
2 . - information. The combined Ludlow and Cannonball Members are estimated to be 685 below the Wall coal bed of the Tongue River Member. These collections from North . . . .
s Marcasite concretions ——— BAKED AND FUSED ROCK—Approximate location of ft thick; they are composed of soft, fine-grained yellowish-gray sandstone, medium- to Dakota th id-Pal d evidentl lati ith what had vein quartz, granite, gneiss, and schist make up 3 percent or less of the pebbles. These
el e 204 gamnepeie DESCRIPTION OF MA base of burned lignite coarse’grained light-olive-gray sar;dstone that contains abundant dark g,rains poorly ba OcalTrg tr}:O fzoungerrt afr}[hmlT- : eo<]:§e‘ne, .a nth e;l eg yé:f)rreBa v.e Wlttﬂ—,wl-;?1 h at el pebles ey conie fianesska it fie basl part of therlhtie River
Lignite P UNITS ¥ 5 3 ) een called the lower part of the Tongue River in the Powder River Basin, at the highest. : : : :
HEART BUTTE BED LOCAL BED HSV (0] Irgnstone concretionary |ayer Sorted light-olive-gray Siltstone and mudstone, and hgnlte In areas Of Outcrop to the “Some species from these North Dakota Collecﬁons have not been found in the FOrmathn, younger. fOrmathnS, o] rewc.)rked glaCIal dQPOSltS. z
T.138 N.,R. 91 W. T.138 N., R. 90 W. e Ironstone concretionary layer D AREA OF STRIPPABLE COAL south and east of the quadrangle, the members can be identified by the presence of Powder River Basin: Plesielliptio n. sp., Plesielliptio stantoni (White). Plesielliptio? s The terrace deposits are at least 15 ft thick and may be more extensive than shown on
e - = Sl Qal | ALLUVIUM (HOLOCENE)—Sand, silt, and clay; poorly marine fossils in the Cannonball and by the presence of lignite and nonmarine fossils in Rhabdotoph acilis R - I, C pl;’ I form Meek and Hayd g o e B e s e e L
Sec.23  Sec.25 Sec.25 Sec.25  Sec.25  Sec. 26 Sec. 28 @ Calcareous cement sorted; contains a few fine-gravel lenses; includes low L L I A abdotophorus gracilis Russell, Corbula mactriformis Meek and Hayden, Bellamya terrace deposit is probably younger than the glacial erratics because the few glacial
- : . 2 . ; ; the Ludlow. The Ludlow rests conformably on the Cretaceous Hell Creek Formation meeki (Wenz), Bellamya aff. B. peculiaris (Meek and Hayden), and Hydrobia war- ; : ;
@ terraces near valley bott CONTACT—Dashed wh i lu | d: short : : . erratics that are on the deposits could have rolled down nearby bluffs. Abundant glacial
= Y DOHOm —Dashed where approximately located; sho and is locally channeled and overlain by a conglomerate of the Tongue River Member renana Meek and Hayden. Their presence in the North Dakota collections may indicate ti the hiaher deposits show that they were formed before the glaciation
o < TERRACE DEPOSITS—SIlt, sand, and gravel. Gravel is dashed where inferred (Lloyd and Hares, 1915, p. 538). The Ludlow and Cannonball are deltaic deposits of a lower stratigraphic position and (or) difference in environment.” gr: y:;c}rig 6e6 'S : r7?::ceesf:;fhatsthe‘:e erraticsywere dertved-fror the Mg o Driﬁ
- - = Heart Butte H mostly subangular pebbles of calcareous sandstone RUBBLE—Silicified very fine grained sandstone to clay- early and perhaps middle Paleocene age (Puercan and Torrejonian provincial ages, The fauna just listed was collected from the interval from the Shell lignite bed to 88 ft of early or pr’e?\.Ni;consirg;agm age. Therefore, the higher terrace deposits are early
3.4 3.4 and siltst ironst ti d freshwa- ; i £ .D.W. /S i : . i i i : . g ) ’
- ; e et oy e o Sy o s G v oo el s T b 5 b oo o e oprosinaly 402 b the b of e orge st Wsconsan ool Fots o e e deosts o o e ) o
5.3+ . o ) ) g - ember). Bellamya retusa, “Campeloma’ limneaformis, and Cleopatra nebrascensis ; ; ; ;
e _ P - 6.0 @ Loal HSV derived from nearby formations. There are also a few Scattered blocks Tongue River Member as middle or, perhaps, early Paleocene. Nine samples from producta were also collected 285 ft above the base of the Tongue River Member. Table fiot diagostie: of ang precs ade i the Qualematy:
; 823 it IrGnatons-eoncrationary laver well-rounded igneous, metamorphic, and sedimen- drill hole DH6 in sec. 29, T. 137 N., R. 90 W., were examined by R. H. Tschudy for 1 lists fossils collected from the Tongue River. UNDIFFERENTIATED TERRACE AND GLACIOFLUVIAL DEPOSITS
1.3 2.1+ =05 o tary rocks from distant pre-Tertiary formations i lynomorphs. Tschudy reported that Kurtzipites is a genus present in Upper Cretace- ; i i i ; The terraces along Beaver Creek are mantled with coarser material than the terraces
=0 Calcareous cement Y P 1Y Manmade pile of blocks palynomorphs. Y rep P genus p PP The Tongue River contains rocks containing sandstone and siltstone channel fillings g
o — b s S Deposits approximately 60-90 ft above Heart River ous rocks and it persists into the lower Tertiary Tullock Member (equivalent to lower part deposited in a flood-plain environment; lignite, claystone, limestone, and laminated along the Heart River. The composition of the pebbles, cobbles, and boulders is similar
93 % g'g el Wl & Lignite (Holocene and (or) Pleistocene) *e*."  GLACIAL ERRATICS—One or more boulders mainly of of Ludlow Member). Kurtzipites has not been found in middle or upper Paleocene siltstone were deposited in a swamp; and clayey siltstone formed as overbank deposits to that of the terrace deposits along the Heart River. Sorting is very poor and imbrication
I E5 0. rin alle 3 4 5 . & o . 2 . c - = o

i 22 pring Y — PN Deposits approximately 90-140 ft above Heart River granite, gneiss, or qu.artzxte.from Morton drift sheet of rocks. Therefore, at least the lowest 126 ft of str'at;jl in .drlll hole DH6 is no younger than Sentinel Butte Member.—The lower 290 ft of the Sentinel Butte Member is present in is apparent in some deposits. Probably much of these terrace deposits is made up of

o3 etritied wood and lignite (Pleistocene) Pleistocene (early Wisconsinan?) age (Clayton, 1966) early Paleocene, based on the presence of Kurtzipites in samples from 395 to 515 ft. The the quadrangle. The member may have originally been as much as 375 ft thick. glacial outwash mainly of local derivation. These deposits are most likely penecontem-

0.3 15 top of the Ludlow or Cannonball is interpreted to be at 130-ft depth at the top of a claye: i i 3 i iver: i oraneous with the Morton Drift

03 Deposits approximately 140-180 ft above Heart River - o op P g p P yey Lithologically the Sentinel Butte resembles the underlying Tongue River; however, its p -

ue Carbonaceous shale (Pleistocene) —2] 50— STRESJ(%I)RED(;S}EE%gZe ?;;:;?( i(::aizg ?cf) (:Sa}:e"—g hg}:‘(l)ti slltstonehbeneahth th: basaé1 sanf?sto;e of thedTI;)tngue River Member. Tschudy rlept?rrted basal 40-60 ft tends to be darker and grayer. A distinctive basal sandstone described by GLACIAL ERRATICS

Calcareous cement : ] marine hystrichospheres, dinoflagellates, and Pterospermopsis present in samples from L i i i Ri i . . .
Deposits approximately 180-230 ft above Heart River dashed where projected above land surface. Contour The: i al from 130 to 175 ft d f h R°¥se (119 SR ) (Bl Rl e e M:ssourl vae}r mAY e pesent in the Glacial erratics of the Morton Drift are scattered throughout the southeast part of the
175 to 515 ft. (The interval from to was not tested for palynomorphs.) NE“NWY%SWYs sec. 31, T. 138 N., R. 90 W.; elsewhere, it may be represented by localles h . th d ofwell ded
3.1 SPRING VALLEY BED BEAVER CREEK BED MANY SPRINGS BED Ironstone concretions (Pleistocene) interval 50 ft. Datum is mean sea level Because these marine forms are sparse, Tschudy suggested that deposition was deltaic hite blebsiand i fvery fi ined sandst listone in basal beds. A thi quadrangle and occur locally in the northeast part, they are composed of well-rounde
T 138 N. R.90'W T 137N. R. 90 W T.137 N.. R. 50 W Vertebrate fossils i ) white blebs and pieces of very fine grained sandstone or siltstone in basal beds. n, boulders of granite, gneiss, or quartzite. Their age is probably early or pre-Wisconsinan
: 4R _ _ "R : : LR ] Qtg TERRACE AND GLACIOFLUVIAL DEPOSITS UNDIF- DIRECTION OF CURRENT FLOW AT TIME OF DE- or at least very near shore. Therefore, the interval from 130to 515 ft cannot definitely be dark-olive-gray bentonitic claystone locally overlies the lower contact. Fragments of (Clayton, 1966, p. 4, 7)
s N : FERENTIATED (HOLOCENE AND (OR) PLEIS- POSITION igned to the C ball Memb —— ; : ; ; ’ A

0.5 Ironstone concretionary layer assigned to the Lannonball lVlember. lignite and carbonaceous zones associated with this bentonite may represent the HT

11 Sec. 22 Sec.28  Sec. 29 Sec. 6 ec. 31 TOCENE)—Gravel, sand, silt, and clay. Gravel is —> Determined from crossbedding in Fort Union Formation Tongue River Member.—About 250 ft of the 310-ft-thick Tongue River Member Butte lignite bed (Royse, 1967, p. 5). ' ALLOVIUM

0.1 DHS @ mostly angular, pootly sorted imbricate cobbles and e Determined from asymmetrical ripple marks in Fort crops out in this quadrangle. It is predominantly alternating clayey siltstone, silty In contrast to the nonsilicified Tongue River, the Sentinel Butte is silicified throughout. Alluvium of Holocene age mapped along the major drainages is composed chiefly of

2 82% Beaver Creek B { Ironstone concretions pebbles of limestone, quartzite, ironstone, petrified Union. Fotmation claystone, and sandstone. Less abundant are lignite, brown carbonaceous mudstone, Platy silicified lignite, petrified wood, upright stumps, siltstone, mudstone, and swamp sand and silt, but includes gravel in river channels and near the base of the deposits.
23 s Ironstone concretionary layer %‘:Od’ and ianc!stone denvci;i fromhl.ocal fc(l)tm;tlons. — Determined from imbricate pebbles in terrace deposits ferlrugin;)ul: cclmcretions, anﬁ con};:retiona;_rythfrleshwater liftl:esmne- ’Iilhe pzledominzlalnt deposits imprinted with abundant plant fragments are common. Hares (1928, p. 34-36) STRUCTURE
! ere are a few igneous, metamorphic, and sedimen- r is light olive gray to yellowis ay. Litholol aries both laterally and vertically, ; ili i i 1 . <112 .
55 tary rocks from ?i?stant pre-Terti;II‘)y formations < GRAVEL PIT :')ufl) sa]sndssxtonelgocﬁez%ocasl]ly fill changr:e%}s cult into%yldver beds. (See compy)osite Zolumnzr dls%ssgd Sglciogs tE() ec}i]s mf detel llusk fossils than the T River but abund: The quadrangle les sbout 110 i 5. 307 E, from the center'of the Willision basin,
9 s e Sentinel Butte has fewer mollusk fossils than the Tongue River but abundant C dtoth tor 6 the basin. the fop:of P bri ksin th drandle i
Red Dog R . - ; ompared to the center of the basin, the top of Precambrian rocks in the quadrangle is
2.2 FORT UNION FORMATION (PALEOCENE) . ) ] section.) ; : :
o Ironstone concretionary layer Tfs Sentinel Butte Member—Yellowish-gray fine-grained H2383I.3|$ 94'6 DRILL HOLE—Hole drilled for U.S. Geological Survey in At the base of the Tongue River Memberis a widespread sandstone, witich averages vertebrates such as Crocodilus, Champsosaurus, and turtles near its base (table 2). agout l;bSé)(f)t ft structuarl?llgi1 !'ngher 1gnd the tolz1 (é ﬁwltglgger lCl:sftaceous Pierre Shale is
; . ; . : ! 1 i ini i iop- ; ntly northwar
¥ 0.8 gray daystone; weak]y consolidated. Also contains o1 lignite be Pene e i all € .01 1op. or be sandstone is not exposed in the quadrangle. The sandstone is Interpreted to be 130 ft lacodees :::l ﬁis inilslelmg:: Ce)?:l] :::csierseofef\loﬁha i?n:nggénézgaiigya;m: iltl’l?nsﬂ’ylrelogx:r)ll;nlsyBoe”ameﬁ: a-lt!l?'sasrt]atel"l":gilt 25 i b q:y ° Thg dini 1 B i}‘ g Y fth Y I::i? Y S
) (2383), and thickness (4.6), in feet Nrw. nll ) . . 3 1 1 2 D mer ! ft/mi or about %°. The dip is even less in the eastern part of the quadrangle. Structural
. : brown carbonaceous mudstone, yellowish-brown ’ ? thick in drill hole DH6; the upper 50 ft at least is absent in the SWY%NW?1SEYa sec. 34, may be incorrect as applied to Cleopatra tenuicarinata (J. H. Hanley, written commun., 1974). o= f 1 i ;
8 1.6 Many Springs M { : —— " w Mrgeat i T 137N.R 90 W relief is about 200 ft. A poorly defined anticlinal nose, several miles across, plunges
22 = Loca - B Lo e ol pettied wood, igiite, and silefied isione: ind il B il
13 §:3 P oca K astropods and pelecypods petrified wood, lignite, and silicified siltstone an M2577
5 ! claystone ¢ US. GEOLOGICAL SURVEY FOSSIL LOCALITY ECONOMIC GEOLOGY
0.3 = Koehler K - - .
1.1 Ironstone concretions - LIGNITE
1.6 0.1 o - O == i i i i
8:1'3 E o > Table 2.--Fossils from the Sentinel Butte Member of the Fort Union Formation Ten named and three local lignite beds are present beneath the quadrangle. The
Ew 09 I(_Blgsrllrtgpods snd paissnods [Ostracode identifications by I. G. Sohn, all others by Nicholas Hotton III] lowermost of these, the Gunsch bed, occurs about 470 ft below the Shell bed, and the
% gg P Vartical roots Ioeal- Flevac inferred Schank bed may be present about 90 ft below the Shell bed in the northwest
’ > Pelecypods ity tion Fossils Remarks comer of the quadrangle. The Heart Butte and Spring Valley beds in the northern part of
- No. (ft) the quadrangle have the best potential for future mining.
SHELL BED SHELL BED GUNSCH BED 2.1 o | i h " : :

T. 137 N., R. 90 W. T.137 N, R. 91 W. T. 137 N, R. 91 W. Shell S éggiﬁﬂge R B 13;;2;505'690 " Physical and chemical properties.—Lignite samples from drill holes in or near the
P — ~ 0.3 o ) ) ) quadrangle were analyzed (table 4). The lignite is dark brown to black and has a brown
Sec. 20  Sec.28  Sec. 29 Sec. 13 Sec. 14 = > Ironstone concretions e e 2,232 Champsosaurus p. (partial skeleton, fncluding abept 2 £t shwve base of Sencinsl Dutcs Meer: In streak; it is predominantly attrital with lenses of woody-textured previtrain. Fusain is a

= 0.2 o S L. . . dorsal and caudal vertebrae, toe bones and olive-gray silty clay. Late Cretaceous to Eocene ) A i )
@ = z g'-?-““e . [Identifications: T, D. W. Taylor; H, Nicholas Hotton III; D, D. H. Dunkle; W, Jack A. Wolfe] fragment of limb bones, ribs, and gastralia) freshwater form. minor constituent. When fresh, the lignite is hard and brittle, but when exposed to air,
= ° lliceous sinter - the lignite slacks or loses moisture and disintegrates into small pieces. Gypsum, jarosite,
Local- Ident- Eleva- T. 137 N., R. 91 W.
o - Ironstone concretions N Tey ified I Foasiis Remarks Section 2 marcasite or pyrite, and partings of claystone and siltstone occur in the coal. Parts of
Z No. by (ft) 157 5 11l4a 25247 Crocodilus sp. (teeth and assorted fragments, About 3 ft above base of Sentinel Butte Member. some lignite beds have been weathered to leonardite.
METERS FEET Gastropods and pelecypods i i Se’;‘;;(}ﬁ'ﬁ W- mostly dermal scutes) Lignite from the Heart Butte bed in drill hole DH9 has 10 percent ash, 0.09 ppm
o Leaves o 69 . L s . ( T : . . i15 5 37 am e e of Limh and e bt 26 fr above b  emtinel atee vems mercury, 0.53 weight percent MgO, 1.72 weight percent CaO, 0.86 weight percent
o 5 ampsosaurus Ssp. proxima ens le) emur t above She ignite bed 0 about 1 ft b M. » ampsosaurus Sp. ragments o imb an oe ones, ou above ase o entine utte ember. i .
(1)2 3 Base of exposed rocks in quadrangle b~ Springs lignite bed. 1In silty clllaystone? Ozzteany dorsal neural spines, gastralia, and two caudal gaioi and 0.05 weight percent KO (analyses by U.S. Geological Survey, Denver,
: ie Cretaceous to Eocene freshwater form. centra) 0lo. ).
8-2 * & T. 138 N., R, 90 W. Thickness and description of lignite beds.—The Shell lignite bed is inferred to be as
76 0211 Schank & M23Hi T 23167 Fr;ig‘;’jgilij:n . 7lsﬁt;b2‘l’:y§:ell bed; 14 ft above Koehler bed. From Section 19 much as 4 ft thick in the southwestern part of the quadrangle. In secs. 28, 33, and 34, T.
i 3 . - one. .
o-Lo 100 2,335 Ostracodes: About 194 ft above base of Sentinel Butte Member. 137 N,, R. 90 W, the Shell bed is cut out and replaced by channel sandstone. The
2.0 M2580 T 2,181 Freshwater clam: 73 ft above Shell lignite bed; 15 ft above Koehler Cypridea (Bisulcocypridea) arvadensis? (Swain) In dusky-yellow and light-gray silty clay. Sug- Spring Val]ey and Heart Butte beds in the north are as much as 6 ft and 5 ft thick,
., Plesielliptio n. sp. bed. (ar‘ iiwsﬁzga‘g:i: 4 )the rest: crushed icarapaces gests fr‘;—Sh‘é’ater- fRelatEd to known late Paleo- respectively. Based on the interpretation of a water-well log of uncertain reliability, the
i [e] u cene-—ear ocene orms. s e . .
Section 18 Gen. aff, Limnocythere (specimens that differ ’ Gunsch bed is inferred to be 7 ft thick in the west-central part of the quadrangle.
o - . - N T - Shell liemite bed. ot . . in lateral outline from a group in a sample Lignite resources.—Identified lignite resources totaling 96.2 million short tons (table
& 5 g above e ignite bed. rom clayey siltstone i i o]l R i indi
¥ Corbula mactriformis Meek and Hayden at top of 9-ft sandstone unit. fzg?egoggu{e\] Rgve;eb;[lesrgzer I%iGFOI;LE II{]%;OI;;;? 18 5) are in two classes termed (1) ,den_lor_lsuated. (measured plus mdlc.ated) and (2)
3 Freshwater snails: T. 142 No, R. 90 W y ' ’ inferred. Demonstrated resources lie within 34 mi from known information points and
” . N., R. 5 . . . .
2 : Campeloma nebrascense (Meek and Hayden) inferred resources extend from % to 3 mi from points of observation (U.S. Bureau of
) Z . ;
e} o "Campeloma” limneaformis (Meek and Hayden) Mines and U.S. Geological Survey 1976)
k 4 b i d Whi - ’ )
g g ;Zig’;ﬁfwgfrgjji,j“;‘;k"j;’d“gzjdén e Isopach maps were constructed on each lignite bed at least 2.5 ft thick; areas of
% 5 Table 3.--Fossils from terrace and alluvial deposits in T. 137 N., R. 90 W. demonstrated and inferred resources were delineated; and a further breakdown was
= £ M2583 il 2,108 Freshwater clam: 3-5 ft above Shell lignite bed. From very fine [Identifications by D. W. Taylor] made according to thickness categories of 2.5-5 and 5-10 ft. The areas of each category
. Q Corbula mactriformis Meek and Hayden grained sandstone. d with lai ultinlied b hick g
j 7002 30" 157 102° MERCER 45' OLIVER 30’ 101915’ 5 oA 233-ft Break in. sestion Fohuator enalle: ——— i were measured with a planimeter, multiplied by average thicknesses, and then multi-
N = IF— = o F—F 2 — < AAANANAT Baijiamgs meshi (Wenz) o Y Section Fossils o Y Section Fossils plied by a lignite density of 1,750 short tons per acre-ft (1.287 t/m3).
IS & Q| s 2 N S, & & & s Campeloma nebrascense (Meek and Hayden) : i - i i Stri ble d its.—Ar derlain by at least 5 ft of lignite having | h 10:1
N7 & & & S > §’<\ & T S o - nent \ ¥ Terrace deposits Alluvial deposits rippaple deposits. eas underlain oy at leas ot lignite having less than a 10:
& %\\@ & & & S |F | e |87 - Cf‘;;”g:ii:anei ig;’iiﬁ i ‘;’l; r;gigtaar(‘%h?ige“) M2568 20 Savil wnailss M2570 28 Preshwater clams: ratio of overburden to lignite thickness are outlined on the map. The Heart Butte bed
SfARlZ % 4 = > MOR[TON — £ Cleopatra tenuicarinata (Meek and Hayden) Pupilla muscorum (Linnaeus) Lasmigona complanata (Barnes) meets these criteria beneath parts of secs. 19, 23, 26, 27, and 30, T. 138 N., R. 90 W,
& Qe% <] :’Q 3 ”‘i\e C_GL - s 2 D;'SC;S shimeki (Pilsbry) Anodonta grandis (Say) and secs. 24 and 25, T. 138 N., R. 91 W. The Spring Valley bed may be amenable to
S| & > S X $ 3 o M2583 1 2,121 Freshwater clam: 2-in.-thick sand 1 18 ft above Shell lignite bed. cf. Succinea iy mihi
é\@b §Q § %«3‘? $ SQ <5§ %‘@ g_v $ 2 a rgzr‘f;il;rmzci?ifomis iy s, Bt in.-thick sand layer t above She ignite be — - Bnchantar Hlams — . Sl il strfp mmmg be'neath parts of secs. 20-23 and 26-29, T. 138 N., R. 90 W. Resources of
B S | G@ & § & 3 Gunsch e Lasmigons complanata (Barnes) GF. Bheeined strippable lignite total 7.7 million tons (table 5).
45 T ) t i o Bellamya meeki (Wenz) Lampsi%is siliquoidea (Barnes) RUBBLE
o N ' o Cpelsns Aesyascensd [Hpek pind Hupcen) = ¥ Lamé R e e freshuater clan ( ) Deposits of rubble in sec. 26, T. 137 N., R. 90 W., are part of more extensive deposits
e Cleopatra nebrascensis producta (White) cf. Succinea Lampsilis siliquoidea (Barnes - &0, 1. s B o Xlensive deposl
L | D a pro
S | i ; Hydrobia warrenana Meek and Hayden to the east which have a potential use as riprap and rockfill in earthen dams. The material
e SN = i . A\ : — (4 2 S i
— ] . RN =8} D AN ) i N . » .‘ Wil e occurs as angular blocks up to several feet long and wide, but mostly less than 1.5 ft
il | EXPLANATION N oo — S / . “wf 1 5///“‘ L \ Yl o ‘ = e e ‘ L i . O o . . s = — . . ) thick. These blocks are usually scattered on the ground surface or partially buried. They
NEY : - W ; § (A S e . N e - = - L ! 1\(\ . - X — - ! = - . M2578 T 2,145- Freshwater clams 1-2 ft above Shell lignite bed. From coquina Table 4.--Analyses of drill-core samples from lignite beds in or near the Clark Butte NE quadrangle i . e s
S [ ‘ : Qal = o St { i . > * o SN =N e - . 2 147 Sorbada wmetelfammis Hedk and Hagden : ) i ) ) are extremely resistant to weathering and very hard. Generally they are silicified
" N ! = = ) )l SN , ke | N i [Standarg C:illr zgigmg b{};OIili‘-lrgfrf:::o]f) M;gc;.zéul::tzzgrizﬂ_lgi;é.l?ff- nlsgd:iaiecewed; mudstone or siltstone containing plant fragments or organic debris. A small amount of
| ) V L2 . | e , - L e ~ ) T s RN £ o RN S G piei 89 - Campeloma nebrascense (Meek and Hayden) ’ T T ’ ’ rubble occurs in .2, T. 137N, R. 91 W.
) = . = Vol o 55 y \ 1 i P ¥ s sec. 4, 5
§ A /4 B .= e e "Campeloma"” limneaformis (Meek and Hayden) T
Q(\ Sand and gravel Impure lignite @ 4; 3 XA - Cleopatra nebrascensis producta (White) Drill- ) Lignite Sample USBM Z?e Analysis, in percent GRAVEL
S GRANT ' ¥ R 4' e mo bole Lecacion bed nreryal.  1gbs apal- Modstuge VORatile Fixed .. oo, Beuflb Small amounts of gravel are present in the terrace and glaciofluvial deposits. Because
| - e M2578a T 2,159~  Freshwater clam: 14-16 ft above Shell lignite bed. In clayey silt- No. (depth, ft)  No. I- i matter  carbon s ; o : =
5 _ 7 | 2,160 Corbula meatriforuls Meck snd Hayden ] ysis it is covered by finer material in most areas, the gravel in the terrace deposits is not
\e“ & =~ ?) = NN & % LA : Lagett . T TR L Freshwater snails: 1 Clark Butte quadrangle, Many Springs 165.7-168.7 42093 A 37.9 26.5 28.1 7.5 1.0 6,720 readily available. The glaciofluvial deposits are probably a better source of gravel,
5 & S Sandstone Lignitic <4 . },,- Ve N AN SR L7ty o oy S : fj o - ¢ ~ . ) . Campeloma nebrascense (Meek and Hayden) NEYSE%SE% sec. 6, B 17.2 35.4 37.4  10.0 1.4 8,960 although they might require screening for some uses. The gravel is used mainly for
. & . . l : b X - o e 3 / g ' Cleopatra nebrascensis producta (White) T. 135 N., R. 90 W. g e Zg'é gii 120 i'g ig’gég surfacing the local graded roads.
~ ———r . - == . s
N & é"-“; o M2578b T 2,166- Freshwater clams: 22+ ft above Shell lignite bed. In silty claystone. CLINKER
S o S . . 2,167 Plesielliptio n. sp. 2 Clark Butte SW quadrangle, Heart Butte 37.8- 40.8 42081 A 40.5 26.1 26.0 7.4 1.0 6,280 s i s
£ &S Ferruginous or ironstone Corbisla maetrifermis Meek and Bayden SW4SWLSEY sec. 8, and . 17.8 35.0 35.9  10.3 1.0  8.690 Baked and fused rock that formed within and above burned lignite beds is used as
@ - concretions Freshwater snails: T. 135 N., R. 91 W. 41.6- 45.6 o —— 43.8 43,7 125 1.7 10,570 road-surfacing material in surrounding areas. Minor amounts of clinker are present in
& 7 Campeloma nebrascense (Meek and Hayden) D s 50.1 #9L9  soec 1.9 12,070 secs. 9and 14, T. 137 N., R. 90 W., and secs. 31 and 32, T. 138 N., R. 90 W. In the
N g & @S%,J S N : Cleopatra nebrascensis producta (White) NW%SEY sec. 9, the clinker capping hill 2400 was formed by the burning of the Heart
@’ gf 1\& @ 3 QQ*(& (==) ‘\:\T\ e VS;?&_;\_T\\\ . o SRR 4% f s = SA 1 S L Wy S A , e N . 8: Hydrobia warrenana Meek and Hayden 3 Clark Butte SW quadrangle, Many Springs 254.5-257.8 42089 A 38.9 26.9 26.9 e .6 6,600 o pping Yy . g g
<& ol o M ) Caléareous: coneretions 0 . C) (5 B S ih:};ggi}%‘;{ﬂ}\& DN A y 0t N A i 4 L | el < ; N 4 SEYSWY sec. 26, B 18.0 36.1 36.0 9.9 8 8,870 Butte bed; it is too small to be shown at the scale of the geologic map.
- &y~ | ‘o | (tmmd B . 3 I ’23\‘ o) \ﬁyf;ﬁ /i - S 5, 11018 . s g gl - A0 , ‘ e L .:,/z S er ‘\ ) N O e Section 30 T. 136 N., R. 92 W. c — 44.0 44.0 12.0 1.0 10,810 OIL AND GAS
AN e 8Y ¢ N D e i LN . VR e el v / )N = , D e 50.0 50.0 --——— 1.1 12,280
— x | e (\q = Sl ) Vi Sy 2 , : . 7 N\ § e z e e i o S ‘f & 37 D 25253 Lepisosteus sp. (scale of gar) 90 ft above Shell lignite bed. From fine-grained v . s 5 s
INDEX OF PART OF SOUTHWESTERN NORTH \ [ Zf \ N / / Th 220 y < & o s . \ { ey = i sanilsbons pontainiog Bllts slapstens pebbles, Late ; R S — TR e . . . o 164 o — ‘The Buffalo Creek oil field (one producing well) lies 7 mi west of this quadrangle. The
DAKOTA—SHOWING CLARK BUTTE NE Mudstone CaleaToous H Crocodilus sp. (small tooth) Cretaceous to Eocene freshwater forms. NEYNELYNEY sec. 12, ’ ‘and ) B 15:0 31:8 31:9 21:3 2:7 7,680 dxscovery Well, Texaco 1 Schank, C NWWSEY: sec. 15, T. 137 N., R. 92 W., was
QUADRANGLE, QUADRANGLE NAMES, AND u o ) _ T. 136 N., R. 92 W. 179.9-181.8 c R 37.4 37.6  25.0 3.1 9:030 completed for production November 9, 1966, from 10,216- to 10,226-ft depth in the
NUMBERS OF RECENTLY PUBLISHED U.S. M2576 T 2,250 Frzz?zzgzpzijrsz : S——— 8852 ;dzzgzz S:iiiﬁﬁm;?l?edé 1aF:2n£_ mz;g:ned D e 49.8 50,2 == 4.2 12,030 Red River Formation of Ordovician age. Initial production was 265 barrels of oil per day
GEOLOGICAL SURVEY COAL INVESTIGA- _ @ Plesielliptio? up. e ! ' _— s dE & an g Yol 595 (id L@ 5.GH flowing and 30 barrels of water flowing. The well bottomed at 10,425 ft in the Red River
TIONS MAPS Silty claystone Fnssilized plants Sphaerium sp. N : ) 3 158 33.1 3.3 16.8 1.3 8. 260 Formation. The field also has two dry holes. Although this quadrangle’s surface struc-
Fresllv;ater snai}s:(w : C = 39.2 40.9 19.9 1.5 9,810 ture is not particularly favorable for oil and gas, the thick sedimentary section and
Bellamya meeki enz S gL % % g
= :V:: . lamza seruss (Meek g Baydes) D = 49.0 51.0  --—— 1.9 12,250 proximity to an oil field make it potentially valuable for oil and gas.
~ Claystone S o ol fz;”i:z;";afeﬁzzce;se ?MELZ; afﬁd Hgygeﬂs 5 9  Clark Butte NE quadrangle, Spring Valley  107.8-114.2 42086 A 34.8 23.5 22.0 19.7 3.8 5,510 SALT
Il nonmarine animails eaformis eek an ayden
CONVERSION FACTORS FOR METRIC EQUIVALENTS o cleopens tanwimTansy (i a5l Bevdan) ;W’fig"gsﬁﬂ B B . Lot PSS SR i oy ;fég The Mississippian D salt and possibly the Mississippian F salt are projected to underlie
To convert ; To obtain % ' Cleopatra sp. _ ’ o ’ D — 51.7 48.3 - 8.3 12,100 part of this quadrangle (Anderson and Hansen, 1957, pl. 11, figs. 7, 9). The D bed, 0 to
ENGLISH UNIT Multiply by METRIC UNIT o arboneaue mdetons | iis:gl;mnaea tenuicosta (Meek and Hayden) about 10 ft thick, underlies approximately 7,000 ft of overburden. Thick, extensive
Short ton 0.9072 Metric ton Covered o A 37.4 25.3  25.5 11.8 1.6 6,187 deposits of salt occur to the north in the Williston basin.
Mile 1.609 Kilometer = Paleobot. W 2250 Fruit: 90 ft above Shell lignite bed. Paleocene and Eocene. B 16.4 33.9 34.1  15.7 2.0 8,280
— . . Average analyses
Foot 3048 Meter == @ 11013 Jenkinsella arctica (Heer) Bell ¢ T 40.5 40.9 18.6 2.5 9,913
: = D — 49.9 50.1 -——— 3.2 12,172
Inch 2.54 Centimeter Brown carbonaceous siltstone i . ’
. A Location shown on map REFERENCES
Square mile 2.59 Square kilometer i
Acre .4047 Hectare Sestinn 5 Anderson, S. B., and Hansen, D. E., 1957, Halite deposits in North Dakota: North
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Lignite T.137 N SN e = ( K ﬁ = b 1 : N \ov - ‘ (o . / . oo S ‘ \\‘.\ \\ o ' . = ; [No lignite resources in T. 136 N., R. 90 W. All resource estimates in millions of short tons. ---, no data] Geolc;gical’Surve,y Report of Investigation 44 25p ’
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' M2582 T 2,210 Freshwater snails: About 20 ft below Beaver Creek lignite bed near base (Measured and indicated) the southwestern part of the Williston basin—A regional study: U.S. Geological
Bellamya retusa (Meek and Hayden) of channel sandstone. . Total i b ls.
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A& 10‘ng-ﬁtmt gritd based t?‘n North Dakota 4 1 % 0 1 MILE S——— assisted by D. L. Rasmussen .g_:,@/\ 114 H 2,237 Freshwater reptile: ( 5 ft below top of Tongue River Member. Late Creta- 1;‘;2{15?‘1“3° : i - - - - - i Royse, C. F., Jr., 1967, Tongue River—Sentinel Butte contact in western North Dakota:
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2 1000-meter Universal Transverse Mercator ] Ug B, vertebrae and limb and girdle bones of about 9 £t thick Gunsch .7 — 0.5 6.4 — i 7.6 North Dakota Geolf)glcal Sur‘vey Rep.ort of Investlgatlop 45, 53 P .
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