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Lowsr Hississippien rocks of the ¥illisten 3asin and the Alack Hills
inelude the Zakken and EZuglewood foramtions of Linderhookian age. The
Snglewood fermation erops out in the northern 3lack Hills end csn be
traced with 4ifficulty into the subsurface. The Bakken formmtion doss not
srop out in the area of this study. This etudy is besed upon well sample
and sechanionl log information snd measswred swrfece seetions.

The Englewnod in the outereps sonsists of & lower shele unit, a pide
dls srgillsceous and shuly 1iu:tm wit, end sn upper dolomitie¢ limestone
wnit. A type sectiom, awi sen, 31, T 4 Nuy Be B E., two miles southe
westl of BEngleweod, South Dakets, is preposed.

About tan milen north of the outercp area, the Englewood comeists of
& lovwer calcarecus siltastone wnit, & middle ailty lissstone unit, snd en |
upper caloarsous siltstone wnit, In northern 3utte County, Seuth Dekota, :
the formation sonstets of on argillacecus limestone whish overlies the

The Oekiten formstion comaiets of & lower dlack shale unit, a middle
sandetane, silty limestome, or limestons unit, and an upper blask shale
unit. The Sakken csn be easily defined end traced vhere the three unite
are present. This sres of seourrence is designsisd the Central 4irea.
iround the Cemtral Ares the stratigraphie unite comverge snd btesome thin,
and the lower shals is net present. This ares of cecurronss ia desig-
nated the Herginal Shelf.

The Jakken ses probably originated im the Cordillersn region, was
initially restricted in cirewlation, later docame s normal marine ses, and
was then agsin restricted is ciresulsation. 7The seawey probably secupied the
Cemtral Ares vith its margisal ares defined by the Nargimal Shelf.
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INTRODUGTION
Jeneral Stataement

Zinee 1951, when oll was discovered in North Dakota, renewed inter
ost snd added infurmaiéén has resulted in the underteking of many invesw
tigations of the subsurface of the Willisten Sasin. The Mississippiam
aystenm hes eapecially Ybeen widely studied because most of the oil produc
tion comes from rocks of this system. Widespread klgek shales of the
3akien formetion in the ¥illiston Basin repressent the initial depoaits
of the “ssiseippisn ssss. The relstionship of the subsurface Zakken
formation and the Inglewood formation of nearly ecuivalent age whiceh
srops out in the Black Hills and alszo occurs in the subsurface, has not

been zntirely understood.
Furpose

The purpose of this papsr is Lo prasent streligraphic descripiions
of the inglewood and Bakken formations, snd with the use of cross sections
end isopach maps to pressnt Iinformetion which might be of value in undere

standing their relationship.

Ares of Study

The arsa of thiz regicnal study consiste of approximately 50,000
sauare milss in weet and central North Dakota, northwentern 3cuth Dabota,
and % minor amount of northesstern Montans {Figure 1), This ares includes

- 1
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Fig. 1. =~ Index map showing the axea of this study.
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a large portiom of the #illiesten Jasin snd part of the Rlaek Hills.

Sections of the Inglewood whish erop out in the northern 3lack ¥ills
wers studied. Yorth of this aree, the Englowoed psesses into the sube
surfade wvhers 1t was studisd by the use of well Mlu and mechanieal
loga from severs]l wells drilled in northwestern Jouth Dakota.

The Bakken formation was nsswd from the subsurfuce and does not erop
eut in the ares of this study. It m studisd by the use of wall euttings
and cores from selested wells drilled in Xorth Dekote and South Dakota.
Hechanicsl loge were studied in conjunction with the lithologic studies,
and in some inatances, mechenical loge wers atudied witheut the aid of
samples. The type section of the Bukien ramtzea segeurs in the idmeradae
Fetroloum Corporation - He 0. 3Bakicem Ho. 1 well, 3WiHW; seo. 12, 7. 157 ¥.,
Be 93 Wo, Williams Coumty, Horth Dakota. The type section wae restudied end
redefined. |

A list of wells studied and lithologic degeriptions of the samples
studied apﬁa& in the appendices of thias repors.

Kathod of Study

During the summor of 1959 the writer meds two trips in the fleld, one
during the first week of August snd the other during the first week of
Septamber, Two sections of the Bviglewood formation were studied and
deseribed in detail, Ous of the mt&m scours in the type ares as desig-
mted by Darten [1501), nenr Inglewood, Zouth Delrots, and the other seetion
oesurs near Desdwood, South Dakota. The latter seetion is Miu referred

to an the Deadwoed junkyard uo&iaa since the seotion was measured behind

-



2 jJunkyard sear the Deadwood city dump. These sections wers xeaspured
with a t:lwaﬁt stesl tape, hend level, and Zrunten compass. The celer
names used in the lithologie descriptions ere those given inm the Heck
Color Chart (Seddard, amd others, 1951). Hund semples snd fossils were
eollected end studied in the laboratory.

During the susmer of 1950 the writer exewined ssmples of well sute
tings and cores from wells drilled in Worth Dakets. The samples and corss
wore nade evaileble from the depesitery in the Horth Dakote Geclogical
furvey, The samples wers studled under a %imaahé wierosgepe in eon~
Jametion with mechanicsl well loge. The mechanigel loga were especially
useful iz determining exsct footage of the semples. The black shales of
the Dakken formation which contain = high concemtration of radliceutive
slements, were snsily defined by the use of the gamse ray welil log.
fithelogic doseriptions were mede of the well samples studled. The slze
of the medium grained saterial was deterwined 3y comparison with sised
send graing mounted 1o sn sceurately sieved sand size gomparieon chert
prepered by the writer.

Seversl sttespls ware nads 0 "break down” or dissggregate the black
shals for the purpese of concentrating comodonte which eve present. Somwe
of tho metheds tried, but with little or mo suceess included: (1) dissol.
ving in acetie scid, {2} botling in sedium hydrexide (meximms time tried
_ was 12 hours), {3} holling in potaseium hydrexide, (4} sceking in Sted-
dard sslution fer 12 heurs, drying the sampls in ap oven at 170 degress
contigrade for one hm; and boiling the sample ia sodium hydrexide for
8 Bours.
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lithelegie studien of the EInglewood and Balkken in ssveral South
Daketa wells were conducted by the writer in Osteber, 1959, at the South
Dakota Geologieal Survey st Termi)liom, South Dakots.

The atructure oomtour mapy {(Flgure 2} shows the present cenfigures
tion of the upper surfase of the § formation. The maximum depih
%o the top of the Zakken feund by the writer was &wggu in ssstern
YeKensie Jounty, Sorth Delkots, in The Califernia Cempany « Rowgh Creek
Unit Fo. 1 well, NWINBL sec. 13, T. 148 ., R 98 %, The Seitken oosurs
at & dopth of 8730 faet below sva level or at a dupth of 11,200 feet in
thia drilled hale.

The wi1liston Basin is clsarly shown by this structurel contour map,
and the senter of the Basin ls leocsted msar the wutual doundaries of
HeRenzie and Dunm Counties. The differense in slevation of the upper
surface of the Sakken formation from central Horth Daleota o west central
Borth Deketa is 5800 feet. XHay (1991, ». 23} aa% that an sulogeos
synoline or 2 dasin isolated from highland scurce arees, developed in

thiz areon during the Mestesipplan,

The Nesson inticline is roughly shown on the strusturs eomtewr map.
10 rends nerthesouth and extends for sbout 66 miles through ¥1liams,
Hekensia, Hountrail, and Jumn Counties.

The Cedar @igﬁuaﬁhgggggng%%w
but 1t oceurs saioly ia southesstern Nentana, trending in & northwests
southesat direstion. The assuthers end of the OCodar Cresk fvlicline coeurs
pear the scuthwest corner af Nurth Dakuts.
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1
Bardley (1951, p. 42, end Flates & and 5) pointed osut sows of the

regional strustures that influenced sedimentation during the Devonien
and Niselssippien tiwe in the wree of study. During the Devonien, the
Combridge Arch, trending in a mrmhwmun ﬂgmﬁmg wag located
in scutheastern Montane and wepbern South Deketa, The Continental Arch,
trending in a sout) .
South Dekota smd in most of Hinnewota. The Alberta Shelf wes present in
Canada, northwsst of the sren of thie study. During the Hlisslesipplen
the 3ig Smowy ZJasin exfended from sentral Noutane inte the vestern half
of Sorth Dakete. Berdem (1996, p. 137) reperted thak near the nerthe
wastern Soundery of the mnm Basin in southesstern Alberts, the

houst direction, wes loeated is sastern

Sweetgrass Arch wes uplifted in late Devenian te sarly Mississippien
time,

Sendberg and Hemmand (1958, p, 2350) reported that renewsd uplift
of the Cedar Creek platform and the “snceatyal™ Ceder Creek Inticline
took plage nesr the ond of Bakken depositicm.

mmmwmﬁ stratigraphie pumes assdcisted with the
systenmie bowndary which have bean used in the area of this study snd
sdjoluing aress are showm in Mgurs 5, The systewls boundary hes been
placed at the base of the blask shales by meny workers, soms of whom are

listed. Blask or gray stsles, whioh bave been comsidered by these workers

as Rasissippien in age, cocur in the Hehiten formetion, the Englewoed

formstion, the Sspplugten sandstone of lMontans and the Exshaw shale of
Alberta. The litile Chief Canyon umuber of the [odgepole formation in
Nontenw, although aot 1isted in Figure 3, cousiste of black shale whieh
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i3 consgidered by Xnechtel, and others, (1954) ss Einderhookian in age.
Jandstones and siltstones are eommonly found overlying or underlying
these black to gray shalea ss shown by the middle clastic-carbonate
unit of the Bakkem, the sandatone unit of the Sappington, and the lower

silty shale or siltstone of the Englewood.

BLACK HILLS WILLISTON BASIN| SOUTHWESTERN SOUTHERN WESTERN
SOUTH DAKOTA NORTH DAKOTA MONTANA ALBERTA ALBERTA
DARTON AND PAIGE | NORDQUIST, 1953 | HOLLAND, 1952 PENNER, 1958 CRICKMAY, 1952
) 1925 (MODIFIED)
'3 z [ mission z | Missiow PEKISO
N
2 PANASAPA ° CANYON 2 CANYON
s 5 :
» £ | LooeeroLE 3 | LopeeroLe BANFF BANFF
"
‘;' ENGLEWOOD BAKKEN SAPPINGTON BAKKEN EXSHAW
b :
- THREE FORKS THREE FORKS BIG VALLEY PALLISER
<
=
o : BIRDBEAR (N)SKU) JEFFERSON
]
(-
. | wnitewooo
Q
«
s | winmipee

Fige B.w=liat of stratigraphic names associated with the Devonianw
Mississippian boundary in the srea of this study end edjoining areas.




PREVIOUS WORK

lack shales sssocisted with the ﬁevanianmﬁinsisaiggiQQAé@nﬁact have
been reported in the Willliston Basin and adjolning eress in ¥ontena and
Canada by aany workers.

¥arious names have been spplied to ithese hlack ah@les in this srea
suen sa "Kinderhookisn®™, fxshaw, “Englewocd”, Lit@la Chief Canyon member
of the ;ndgﬂyaia, Eaggingtéu. and aakkaﬁ;far@atiana‘ *Kinderhookian”
has been used informally by some workers es a formeiion neme for the
black shales of ﬁha'&iliiatnn Baein, Hut this usage should be sbandoned,
es the term sonflicts with the stendard timeestratigraphio {series)
designation and slae, becauss adequate lithostratigraphie terwinology
has been introduced for these shalea.

In western Alherta, dmrren {1337} named 35 feet of black sheale under-
lying the 3anf? shale and overlying the sroded surface of the Palliser
formation, ihe EZxshew shale. Initially a Devonian sge was aseribed to
the Exshew bassd on a swall coliection of smmonites. However, Crickmsy
{19%2) challenged the identification of the ammonites and suggested ithat
the Devonisns=iissiszaippian boundary be placed at the base of the Exshaw
shale. Paleontologic evidence was the basle for this placement of the
systemie boundary. He also belleved that the lithology of the Exshaw
shals was in verisnce with Devenian deposits, and it initiated the mede

of zedimentation of the Hisslasiopian.
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Snechtel and Zass {1958) studied sonodonts from a black shale of
the Little locky Mountains in Yomtans, snd sseribed a Devonian nge to
the congdonts. Another study of sonodonts was conducted im 1049 by
Coarer and Sloss. They found lower Hississippian somodonts in a bSleek
shale in Jentena and Alborta.

3loes and Laird (1945, 1047] studied the Devonjan system in sentral
end northwegtern Yontine, end they reported that black shale imderlies
the lodgepcois limsstone of the Mndisom group of Hiselsalppian age and
overlies thae Three Forks formation st lLogan, Yontans, They stated
(1947, p. 1420) that we; 7, + « lithogenetic and cartographic tep of
the Devonisn units is the bags of the black shale,”

Holland (1992) also atudied the lLower Mlassissinpien rocks in the
Three Forke srea nssr Logen, Montana, and egreed with 3Serry {1943) in
agalgning a “ississippian age to the Zappington amam. In addition
to paleontelogical svidence, Holland recognized an wnoonformity below
the black shale whiich underlies the sandsternie unit of the Iappington.
He therefore extended the Sappington formation dowmward to inelude the
black shale and placed the Devonianedississiprian boundary st the base
of the black shale, |

Ynechtel, and others, (195%) propesed the newe, Little Chief Canyon
momber of the Lodgepols Tormation for a thin, mno«émt-bcgr&ag hlack
shale at the Msa of the ledgepole which ¢reps out in the Littls locky
Yountaine. The shale contsing a Kinderhockian esnedont fam.»

Sandberg and Hesmond (19%8) rconducted an sxtensive atudy of tie

Devonisn in the ¥illiston Jasin. They believed that the age of the 3akieen

is Devonisn (1) and Serly Miasissionian. They reporied that intense
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erosion thinned Upner Devonian snd lower Hiseissipplen roeks on the
basin 2dges, the Central Nontana platfore, and the “ancestral’® Cedar
Lresk Aintleline. They belleved that the subsurface squivalent of the
Sappington ia the Bakben formstion.

Jue to the lack of agreement of wany workers in the #liizton Basin
and the resulting confused terminslogy, the term “3akken formation” was
introduced by the ¥illiston Baein Jumenelaturs Sommittes of the ZJaskatehew
wan Soolety of Petroleus Geologists and of the ocky ¥ountain Zsction of
the Jmerican Asgociation of Petrelsun Ceologlists in 1993, The tarm was
yfagaﬁaﬂ for the ocourrenge of twe blask "organic shéiﬁa“ separated by a
dark, very fine grained, calecareous sandstons in the Amerads Fetroleun
Corporation - H. Q. Bakken No. 1 well nesr Tioga, North Dakota. The term,
however, was not formally defimed, but 1%t appesred in Regiomel Uross
Sectiens published by the Sorth Dakota Usclogical Jociaty (195%).

Jordsnudet {1995, p. 72} noticed that the Bakken formation had never
been formelly defined or deseribed. He, therefore, proposed the term for
the strate occeurriag betwsen the depths of 96150720 fest in the imerads
Petroleum Corporation - H. 0. Bakken Ho. 1 well, 3WRY; see. 12, T. 157
Hey %o 95 4Hey, HWilliama Sounty, North Iekota. He sssigned a Xinderhookian
sge to the Jaidcen on ihe wasis of s pronmounced lithogemetic break betwsen
the basal shale unit of the 3akken and the underlying Pevonian. Nerdguist
thought that the 3mkicen is squivalent to the Ixshaw shale te which
Crickmey (1952) assigned a Kinderhookian age,

fuller {1956) studied the Jskken formation in scutheastern Saskatehe-
wan, Ye divided the area into three regions based on the socursnoe of the

shale unite of the Dekken. He recognized an erosionel surface, marked
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3y 2 pebble hed, batween the lakien and the Three TForka formation.

Jesgoner snd Hunt (1954, ». 1539 ) introduced the term “Golevills
send” for the middls ssndstone unit of the 3aitken formetion. Aceording
te Hents (1959, p. 18} the term had beem previously used by 3erg (1953)
in = mester’s thesis at the University of Saskatohewan. ‘leasonsr sud
Junt slse reforred teo the lower shele unit of the Sekiten sg the Exshaw
ghale noember.

fenner (1958, p. 26%-270) studisd the Zakiken formation in southern
Albsrta and recognized four Iitholegic units of the 3akken. He atated
{p. 264=265) that, "In view of the obvisus and sxact correlation of this
unit with the Salkken of North Dakota 1% is propossd to sdopi the wae of
this neme in southseatorn Alberte.”

Kents {1990) reperied that in west coniral sskstchewan the Haldien
songists of three mewbers: Ixshav zhals member, CUoleville sandstons,
ard upver shals.

Disagraement gtill e2xisted zmoany some workers zs Yo the correst
terminclogy, and az lats ag 1958, inderson (p. 2) reported thst:

« o o in the oninion of the Norih Dabota Geologiesl Jurvey,

the Englewosd of Worth Dskota correlates reascnably clesely

with the Inglewoed of the 3lack Hills. Therefore, there iz

no apparent need to use the term “‘Bakien” waless further

study indicates the need. ‘

Polaow, Carlson, and Andergon (1959, p. B} &@s&v@r, reported thet the
teris "Jakken formation’ was mcceptsd by the North Dakots Jeslogicel Survey
who had previsusly used "Englewosd formstion” for the same interval.

The 4erm "nglewoed limestone® was intreduced by Derton (1901,

2. 500) for the cosurrence of a “"thinebsdded, pals plakishebuff limestons”

axposed near Znglewsad, 3South Jakota, In the gentral Jlsek Hills. In
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1925 additional studies wers sade by Oarton and Feige who conducted sxten-
sive atudies of the central 3Flack Hilla.

Paleontological lnvestigations of the Inplewsod Tormstion by Girty
(1925) suggested a Yinderhookian age. fuedemamn and Loskmen (1942)
reporisd the finding of three new gpecies of Jlielyonsma from ihe basal
aisle of the ‘ﬁasimaﬁ. They revorted that this was the second known
éemanw of greptolites in Masiesippisn rocke of Horth imerics. Wellar,
snd others, (1948) assigned a Zinderbookisn w to the ingleweod as shown
by the essogiation of Paumrisymhm and Wmm L 1. They also
reported that the basal shale mey correspond to black Kinderhooklen shales

in othar aress of the inmterier of Horth iAseries.

NORTH DAKOTA SOUTH DAKOTA
FOLSOM, AND
NORDQUIST, 1953 d sTUDY
, 198 ANDERSON, 1958 OTHERS, 1959 THIS

2
213 ’ ~
& g LODGEPOLE LODGEPOLE LODGEPOLE LODGEPOLE PAHASAPA
* o
vz
» <
(%)
= BAKKEN ENGLEWOOD BAKKEN BAKKEN % ENGLEWOOD
z f"snmsn"g §"smlsu“§ 7
g THR FORK
z HREE FORKS LYLETON QU'APPELLE THREE FORKS
S
w
a “NISKU" “NISKuU" °('..R:,BSEK‘U"..) BIRDBEAR /

Fig. 4.=ei somparison of stratigrephic tersinelegy in the sarea of this
study.

dries (1952, p. 70=71) pointed out that the divigion of the inglew
M and the Fehsssps Pormations on the basis of the ecbwious color change
which may not coineide with e chenge in inscluble residue eentent. iie
obparvad, 7, « « & ateady decresse in red elay residus as the %op of the
sestion is appresched. The residus drops suddenly to a trace nesr the
Pahusapa-Englewoed comtact,”




Zngleowood Formmtion
Hame and Definition

Darton (1901, p. 509) in kis original description of the Inglewood
formation stated:
in the southern Black Hills the Deadwood formation is overw
lain by & series of thin bedded pale pinklsh~buf? limestones.
On the suggestion of Mr. Jagger 1t is proposed to designate thig
forwation the Inglewoad limestone from a locality in the northe
ern Black Hille vhere it is extenaively exposed.
Tarton and Paige (1925, p. 7} subseguantly reported thati:
n itewood Cresk above Znglewood stetion the limestone has
e deep pinkish purple tint. Its upper pert is thin bedded, but
it 1s more masgsive below « . . In thia region the Englowdod lies
on greesnish-gray shale at the top of ithe Jeadwond formation.
The greenishegray shale hag besn rveferred to as the #nnipeg forze-
tion of Ordovieclan age by Carlsen (19%¢). Overlying the Inglewood forme~
tion 1a the rmhasape farmation of Misslseipplan sge. Tha Zngleweod

formation ils Xlnderhoolian in age.

Type Bection

Loeation )
Darten 414 not designate any specific loeamtion ea a ty»e seotion for
the Znglewoed formation. FHe hed, howaver, designmtad a type locelidy

which wae near Inglewoed, Iouth lsketa.

. 14
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The writer vialted the avea nesar Inglewood, Zouth Oakots, in
August, 1999, and agein in September, 12%9. Three oxmosurea of the
Zeglewood forwation wers found in a Uhisage, Jurlington, and miacy
Rsllwhy out. The logations of these gsxposures are A¥:NE; saes. 31,

To & May Ra 3 Heg WULOT; 280. 31, Te 4 Moy e 3 Loz snd 5838 mee. %0,

To % Hey 2. 3 s, vespoctively, Lawrsnce UCounty, douth Dakota, Uf
thesa tsres oxpogures, the Snglewood forvation is best sxpoped and
most eomplete at the first listed locstion., Although the lower cone
tact of the inglewood is eevered, and although there has beoen some
sluzplag in this arss, this outerop iz the heat tyne exposure svellabls,
89 1% i herein proposed as the iyne section for the inglewsed formation.

it might %@vargmeé by gome woviers that thig propoged type section
is not ebaracteristic sincs %the lower contact la sovered end sinee the
lower ghale wnit as sean in ather Jdistant arcas, mey be =zissing. If
the lower aliistone which ia 2xpnomed at the srovesed tyne seoltlion san be
éﬁmen;%ra%sé a8 0% heing part of the Inglewood formmiion as it g
expossd in oiber arsas to the north, then enly the middle Eim@sﬁana and
uppey delomitie linestone unit are wresent.

the siltatone which 13 thought by the writer %o b the lowsr wumit
of tha inglewood Pormation in the prosoged iggﬂ aoction may, nowsvor, Hs
the Roughlock member of the “Manipeg formation {Carlsom, 1999, personal
sozmvmication in the field)s The use of the fors “Wmnlzeg’ is ussd as
augeestad vy Carlason (1550 who hms treced the Ulmnineg ferzation Trom
itstyve locality in Usneda, scross the #lliston Sasin, teo the laclk F31lg.
Juz to ths sovered interval immediateoly above snd helow the expused 21lle

atone unit, the direct relatienship with the 'danipeg formatiosrn couid

-




1

wnf

not be established. 3Jamplsa 9f the siliatone were digested in hydros-
shloric acid, snd a gravish red>§argze elay regidus waa nreasnt in the
inseluble residus. The solor cowpares perfactily with the arzillsaescus
material found in the lnsoluble residues »f the overlying limestone unit
of the Inglaewced. Un the baslis of the alsy residue end the grey celor
of the slltstone, it was censluded hy the writer that the siltstona is
probably a physical faciee sqmirgzantvaf the lower shale unit of the
inglawood as obgerved at ths sere complete axpmgnre'sgsr the Deadwood
¢ity dump,

I% 1a the writer's opinion that since the origisal deseriber {barton,
1201) gave the Englewoed area as the type area, the tyve ssction should
be designated im that general viginity, svem though the formation may be
batier expogsed elsewhere, |

Dunbar and Todgers (1957, v. 269) stated that there sre two extresme
voints of view ecorserning type sectioms: (1) 2 formationm is independent
af any one section or loecality, though 1t may be typically displayed hy
one or by saveral sections; and {2} a type section defines the formetion,
ssregially to 1ts time span and nothing can bHe adoitted to ths Formation
that canmet be correlsted with beds in the type seoction. They further
stated (1957, p. 276} that:

de hold thet formation 1e primarily based on a consept in the
mind of the degserider, and that the type seoction is & device far
obtaining at leastone sbjsctlive tispolat for that doncept.

Sarton (1901) sriginally described the Engiaaead, bt it apvears
that he was referring only to the “ihin bedded, paie pimkishebulf
limestonses.” It was later that the shale unit was ineluded in the

Zngleweed Pormation, bYssed malaly on evidence tskem from areas other than

-
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near Hnglewood, South Dakote. Henece, the concept of the original dese
eription and the present sconcept eof the formation differ somewhat.
Lithology

The lower unit of the inglewoeod formstion at the propeosed type
section consists of % feet 11 inches of yellowish gray (5Y 8/1) end
wedivwm grey (N5), ergiliscecus, slightly calcsreous, compact siltstone,
The bedding is massive.

Fig. G.=~Bnglewood proposed type section exposed in e railread cut
approximately two miles southwest of Englewoed, Jouth Daketa. The silte
stone which underliies the limestone is not ghown in this view, (View,
looking toward the east.) Exposed et NWiNE} sec. 31, T. 4 H,, R, 3 E,,
Lawrence County. The upper strata are beds of the Pahasmaps formation,

The siltetone is overlain by 24 feet 2 inches of grayish red purple
(SRP 4/2), argilleceous limestone. The bedding renges from thin (1 ineh
to 1 foot) with occasional shele partings %o medium (1 to 2 feet)., ibout
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21 fest above ths base of the wessured section a fossiliferous layer is
present. 4 yellow gray mottling inm a greyish red purple limestone is
present aboul 30 faeel 2dove the hese of the messursd sestion.

The upper unit is compomed of 1 fool 9 imches of yellowish gny
(3% 7/2) limostons, dolomitic. Dark reddish brown (102 3/4) blotohes
are dispersed in the lower portion of this wnit. The bedding is medium
{1 %o 3 fmt).,} mrm, the yellow gray dolemits of the overlylag
Pebasepe ig thick (3 to 6 fest) to massively bedded (greater than § feet).

Peet -
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o , ~ 40
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= “soclution weathered with many surface
o vugs, fossiliferous, .

Limestone, dolemitic, yellowish gray.
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= vellowisgh gray,‘medium bedded.‘ L ‘ '
o, ; ; :

& " | ( |
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the thickness of the Inglewcod formstion at the proposed tywe
section is 34 fest 5 inches. This 1s 2% feet 2 inches iese than the
thickness of the EZnglewood at the Deadwosd junkyard ssction. However,
the dingsrepency can be accounted for by four fest six inches of deposie-
tlonsl thinning of the middle and upper units, and the lask of exposura
of the complete lower unid,

Poorly preserved {ossils were c¢ollected in s dense limsstons about

21 feat above the bage of the messured section. The foszsila congisted

mainly of brachiopods, leptaens sv., froductslls 7 sp., and Schuchertells

? 8p., and many crinoid stems.

Ftandard Zefarence Jegtion

lacation

A somplete gectlon of the Englewood formmtion is locatad on the esst
aide of shitewcod Creek =zlong the Chicazo and Horthwastern Sallway tracks
acroes from the Deadwood city dump north of U. 3. Highway 14 near its
junetion with U. 3. Highway 85. This section, the Deadwood junkyard sece
tion, loested at NIUIS% ses. 13, T. 3 H., R%a 3 Z., Lawrsnee County, South
Sakota, iz hare proposed as s ztendard refsrence seetion Por the Sngle-
wood formation. ;}1 three unite of the Znglewood sre well expased, as
#8ll ag the overlying Fshasaps Tormetion of 2lssissippian age and the

undsrliying “hitewoed dolomite of Srdovieian age.

Litholoes

At the Dsadwood junkyerd asectlion the lower unit of the Inglewood

sonsiziz of 27 Taet 8 inches of 3iliy shale which lles parascunformsbly




Fige 8em=Deadwood junkysrd section near Deedwood, South Dakota,
showing the parseonformity between the 'hitewood dolomite (Crdoviecien)
end the Ingleweod formstion (Miesissippian). Overlying the Englewood
is the Pahaseps formeation, and underlying the thitewoeod dolomite is the
Roughlock member of the Winnipeg formetion, (View looking toward the
north,) O, = ‘hitewood dolemite, M, = Inglewood formationm, By =
Pahasape formation.

Fige Pe==Doadwood junkyard sestion showing a closeeup view of the
lower silty shale unit of the Englewood fermation. The Englewood formaw-
tion is & slope~former cescurring between the resistent Pshasapa and
Whitawood dolowite, (View looking toward the southeast.)
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upon the thitewood dolomite. A thin grayish orenge (10YR 7/4), slightly
ealearesous, silty shale is present immedistely aboeve the conteet. Overe
lying thie basal shale are dark gray (¥3), greenish blaeck (56 2/1), and
mediwn gray (¥5) shales.

Overlying the ghale unit is 24 feet 8 inches of grayish purple
(3P 4/2), grayish red purple (SAP 4/2), and pale red purple (53P 6/2),
dense, medium bedded to laminated limestone. About four feet above the
bage of the limestone unit, interbedded limestone snd shale are present
through a three foot interval. The interbedded grayish green (106Y 5/2),
figssile mio osours in layers from 1/8 te 2 inches in thickness (Figure
10)s The limestone overlying this shale unit, has a varve-like appearance.

Fige 10.e=Interbedded limestone and shale of the Znglewood formae-
tion at the Deadwood junkyard section. Hote the varvee-like appearance
of the limestone.

The upper wnit of the Inglewood which overlies the limestone umit

econsists of 5 feet 3 inches of yellowish gray (S¥YR 7/2), medium bedded,
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dolomitia limestone, Onls read »urale motiling securs in this unit. The
unper sontact of this unit ia transitlonsl with the Febagsapa.

Thiekne

The thiclmesas of the Inglewood at the Deadwoed jumizysrd section is

B7 Pest 7 inches.
Litholegy

The Saglewood {ormetlon conalsts of three subdivisions: e lower gzray
silty asbale; 2 widdle grayish red pwrple, argillececus, and partly shaly,
limestonas and an uppor yellowish pray, delomitic limegtone,

dpproeximately 10 milss north of the Deadwood junkyard ssetion, 50
Peet of inglewosd ars present in the Wellisr Bush ~ Jelamen No. 1 well at
EH8Wi8E, secs 30, T 7 Hus Re & Ta, lavwrence Tounty, South Dakota. The
lithology of the Englewced formstion in the subsurface differs from that
ahsarved in the oubloren. As obeerved in cuttings from this well, the
lower unit consista of 10 feet of wediwm grey {6}, saleareous siliastene
sverlying the shitewoosd dolemite. Ovsrlying the siliastone are 29 feet of
grayish red purple (587 4/2) #ilty limestons. The upper unit consists of
@ grayish red purnis, aalaarnéuﬂ, argillacess 3iltstone vhich is aver-
lain by limestone of the Hadison zroup. The limestone iz wmoderate orange
(571 8/%) 4o greyish orange pink {3Y8 7/2), snd sacchareidal to fregmen-
tal. The dslken formation wes not found to be present in this well,

In utis County, South Daketa, the Inglewood formation consigts of
very dark red (5% 2/6), dusky red (5R 3/4}, and pinkish gray (52 B/1;

srgiliacecus limestone.
Thiskneas

Tha Inglewond formation in northwestern Jouth Jskota ranges in
thisknens Prom a maximum messured thisknegs of 37 Paet 7 inchas at the
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euterop near Jeadwood to a mife edgs in the subsurface near the northern
part of Harding County, The Inglewoed forwetion, although very distine-
tive in the ouberen, becomes very diffiocult %o trace as a subgurface
units This difficulty =mey be due partly to ochanges in lithology, changes

“ in ¢clor, and poor asumple recovery during drilling. ‘
Aslation to idjecent Pormetions

The Snglewood Tormstion at the proposed type loesliiy rests uvneonw
 formably on the Winnipeg formation of Ordovician sge, whersas, approgie
mately seven milem to the northwest of Inglewosd, Jouth Dekota, at the

Desdwood Junbyard amotion, the Inglewood formation rests persconforzebly

upen the ‘hitewsod dolomite of Ordovieien sge.

The relationship of the Znglewoed formetion and the Winnipeg formme
$ien seems to be indiceted in & railwey cut st A¥NEL gec. 30, T, & N,
R 3 E,, Lawrence CToumbty. Although 4his is a poor exposure of the Inglew-
wood, the dark green shales of the ¥nnipeg sre well exposzed, and thess
shales underlis a badly weathered liﬁwstanﬁfunit of the Inglewocd, The

- siltetons unit ie not presant st this partisuler outcrop.

Prea-iiguiseippian arosien might sceount for the dissppesrance of the
hitewoed dolomite which is over 60 feet thick at the Ueadwood hmkyard
pection, dut whieh is aot pregent a% the proposed Englewced Yype seetion.
Ercsion mey alsc have ovcurrsd in sarly Englewced time as suggested by
the missing siltstone unit.

The upper contast of the Englewsed formation i transitiomal with
the overlying Pshasepn forwsation of Mlasissippisn sge. The trensition

from a yellowish gray, dolomitic limestone te 2 yellowlash gray dolomite
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is asvident through an intasrval of about two feet in the type locality
to five feet in the Deadwoed junlyard section.

Several azmpiaa of the upper grayish red purnle limestome and
yellowiah gray dolomitic limestone of the Englewood, and several same
vles af the yellowish gray dolomite of the Pahasaps were digested in
bydroshlerie acid, Zech semple digested showed that some argillaceous
meterial was presant. The solor of ihese imsoluble r#si&uau soineided
vary closely with the solor of the ssmple digested, Therafors, the
solor of the ¢lay residue was not the distinguishing eriterion for
esteblishing the contaet between the Pahasapa and the Inglewood, The
relative amounts of the argillaseous msterial decreased nesr the con-
tact between the dolomitic limestome and the dolemite. It was upcn this
decrsase in clay residus and the change in lithelogy and bedding chimrace
teristics, thet the Swglewood and Pshasaps formsitions were distinguished.

In northwestern 3outh Dekota the Snglewopd Pformsticn may overlie the
fakken formetion., In the imerads Fetroleum ﬁarparatﬁan - State Xo. 1
well, NWENuh sec. 4, T. 14 M., % & 7., Butte Jounty, South Dskota, 26
Paot of dark gray {¥3) %0 blaek {H1), Plseile shale {3ekben) is overlain
by 17 feet of very dark red (%R 2/6), dusly red {%ﬁ 5/h%, and oinkieh
gray (5YR 8/1) argillaceous limestens. This reloiienshiyp seems to suggest
thet if the limestone which coverliesn the shale 1s & lithologic eguivalent
of the Inglevood formetion, then the relationshir of the 3akicen and
Znglewond formatiens is egtablished, The limestone is considered by the
writer as being a litheologle sguivalent to the Tnglewoed, henece, the
Englewood 1s considersd as overlying ithe Bakken in this arss. However,

aince the Inglewsod formstion isz 4ifficult to trade in the subsurface,
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as previously statsd, thls relationship, sugzested by the writer, may

be apen to gueation,
. {
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Fige 13,~uﬁaa¢raliénd éikgrnmuuﬁi# oross~section showing the strati-
graphie relationship of the Engleweod snd Zakken formatlions in South
Dajota.

Underlying ths dark zray 10 hlask shele iz a moderats reddish brown
{108 4/6) shele, pale purnle limestone, end light olive gray (5% &/1)
giltgtone. This ssems to suggest that the Thres FPorlks formeation under-
11ea the 3akken in the Amerada Putroleum Corvorabtion ~ State No. 1 well.

The 3altken formation was slen found 45 be present in the Toumghlood
and Youngblood « Galvwin dNo. } w&lvl, 3WE3TE eec. 25, T, 16 Y., . 22 E.,
Jewey County, Jouth Dakota and the Shell 011 Cowpany = Veal ¥o. 1 wall,
SEESES sme. 7, Tw 17 Wey 2 15 Z., Ferkins Jounty, Scuth Dekots., In both
of these wells the Bakken formation wae cverlein by ths lodgevcle forme-
tion and underlain by the Three Porks formation. The Fnglewoad forme~

tion was wmiszseing in both wells.




Zakzken Formmileon
Hame and Definitien

The terw “Saklken formstien” was introduged by the Wlliston Basin
Fomenclature Commitiee of the Saskatchewsn Seoisty of Feiroleum Jecliow
glats and of the Rocky Houmtaln dection of the American Assosiation of
FYetrslsum Jeclogists in 1983. lowever, sines the term was not formsale
ly defined, Hordquiet {1993, p. 72)] proposed the term for the strata
soceurring between the depth of 26159720 feet in ihe imerads Fetroloun
Sorporation -~ 4. O, Sakken ¥o. 1 well, sgéﬂﬁé goc. 12, T 157 H.,

Re 95 Ya, “illiexs Coumty, North Uakola.

Underliying the fakken Tormation is the Three Forke Formation of
Devopian sgge. Overlyiag the Jakben is the lodgernele formation which ia
the loweal formation of the Hadison greup of Misslsslprpian age. The

Saldeen formation has been assipgned s ZLinderhosiclan age.

Type Sestion

Legstion
The type section as desigmated by Sordouist (1953, »s 72; i losa=

ted between the depihs of 2615=9720 feet in the imersds Pelroleum Cornora-
tien = H. O 3ekien Fo. 1 well or the Tioga - Madison Unit ¥ 123, FaEwg
sece 12, To 157 Tes Ja 95 #Hay ¥illlams County, Jorth Dekota.
Lithelozy

The type section as propesed by Nordouist {1793, ». 72) is as

fallows:
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Saldean formation

‘ Thicikness Japth
Shale, blaek, fissile, very

slightly ealcarecud. 20 fast 613 - IS
dandatone, light grey to gray

brown, very-fine grained,

salcaracus, interbeddsd with

winor emounts of gray-brown

cryptocrystalline limestons. G0 fest FE5 - 9693

Jhale, black, flasile, very
slightly eunlearsous. 24 feet FEO5 - 720

The writer studlsd the wsll euttings from this well end found thet
the upper unit of the Zelkken Pforustion consisted of 20 feet of derk gray
{7%), slightly ealearsous, figsile, pyritic ehale. The shals is underlain
by 45 feet of brownish gray {5IR 4/1) to light gmray (M7}, very fine
grained, eaieareﬁua sandstons. Hounded Lo subrounded suerts gZrains are
present., Anproximately 15 per cent of the samvle in the 96%0 = D680 feot
interval consisted of yellow gray {§¥ 7/2) anhydrite. The lower wmit
sonalsted of 40 fzet of dark gray, slightly saloarsous, Tlszsile, pyritic
shala,

Thickness

The thiekness of the Hakben Topmation at the Lyne aéetien is 108
faet. The writer dlszagrees with the thicknesa of the lower and middls
units as proposed by Nordeulst {1953, p. 72). He reported that the
thiokness as 79 feed, 60 fest, end 20 faet for the lower shale unit,
middle ssndatone 3&&%, and the upper shale wnlt, respectively. As logged
by the writer, the three units ars 40 faet, 45 feet, and 30 fset thieck
for the lowsr, middle, and upper uniis, respectively. After s close
sxaminetion af the zameaw-ray log and the well samples, the boundaries

of the three units were pleked om the baals of their radicactivity sro-

-
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nartisg, ‘The shele unitg ssn be sagily distinguished due to their
excentionally Wigh gaemma-ray intensity. The middle unit compoged of
elastic and carbonate material has & lesser smount of natural radicw
setivity, henee, 4 ninor ééf}wﬁ%iaa is racorded on the gamvwa~rey log.

The boundaries of the three units were sharnly defined by this wethod.
Lithology

The Bakken formation of northwestern to central southeastern Horth
Deltota sonaista of three subdivisions: a2 lower shale unit, 8 middle
clastiewcarbonate unit, snd an wpper shale umit, These three unityg can
be sasily recognized in the auvhsurfass by the use of radionctivity logs.
The relstively sirong radiosctiviiy of the black sﬁalam caumss a large
deflection on the zammneray log. Dus to this prominent festure the
Bsiken formation la a very relisble "merier® unit of the lower part of
the %iasiﬁai;pian gysten in the ¥illigston Basin.

The lower snd upper shale units appear Ldentical lithelogically and
they coneist of black to dark gray, {issile, slightly salcareous, and
pyritic ghale. %The litholegy of the middle unit of the Jelken varies
from a brownisgh gray to light gray, salsareous sandstone, 2iltatone,

silty limestone, or limeetons in the area of this study.
Relation to adjimcent Formetlons

Underliying the Bskiren formstion is the Three Forks Tormation of

Devonian age. “he Three Forks formmtion consists of greenish gray shals,

srownlish oray dolomite, ausrtrose sandstons, yellowegray dolomite, reddiah

srown shale, snd light gray silistons.
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The contact between the Sellen and Three Forks shows little evie
dence of being unconformeble in the deeper portions of the ¥illiston
Basin. Howsver, MoCabe {1954, ». 2004} reported that the unconformity
3t the Sage of the ﬁississippiaa ia the most proncunced of the regional
unconformities in the ¥Wlliston Egaia. The contret, ag observed by the
pragent writer in cores, shows an abrupt lithologie change from a sende
2tone or a dolomite, or gruaa&shvgfay shale to o black shale, which
lmplies a change in regimen, but which may not mean sn uncenformity or a
break in depositien.

Tha Three Forks formation ghows some interestiung fesatures in & zorse
takken from the Amersde Fatroleum Corperation « C, O, Mogen Traet 1, Mo. 1
well, 3253%; see, 10, ¥, 153 N., &, 96 4., NoKensis County, Here the
formation comsists mainly of interbedded brownish gray dolomite end
greenish gray shale. The bedding occurs as 1/8 4o 3/8 inch layers and
swall seals intertonsuing, Disruvted bedding with "microfaulta” were
obgerved at a depth 10,014 - 10,017 feet. 4 breceia of brownish gray
dolomite snd zraenish gray shals vceurs at s depth of 10,0487 « 10,050
faet which may be analogous ito the bresclas reported in the Three Forks
formation by 3loss snd Laird {1947, ». 1421},

loocally, a quartzose gandstone lnformally refsrred to by the workers
in the %illisﬁan‘ﬁaain as the "Sanish sand™, but proverly included in
the Three Forks formetiasn, ﬁnﬁerliaa the BSakben. This sandetons wag
ohserved in a core from The Texas Company = J. ¥, Donshue ¥o. 1 wall,
SWNE, ses. 235, T, 184 ¥,, . 100 Y., #illieme County. Five feet of
finewzreined sandstone aceurs st the depth of 11,010 -~ 10,013 feet and

shows a zlight fluorescence. The sandatone wes found to be present in

-
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scattarad walls in 1lliame, Yofenwiz, Hountrsil, and 2otitinsau Countiwus,
but its sesurrence waas erravic and net zentinuous for zny grsel distunce.
Bugh an occurrance iz suggestive of beach sand duposits or concenirss
tions of assnd such as sand hars in shallow water.

Overlying the Aakken formation is the Lodgevele forwation which is
the lovest formation of the Madlson group. The 10&599@3@ Pormation cgne
siste of medium dark gray to light gray, microerystalline and dense limew
stons with wminor awounts of akﬁ?t and anhydritse.

Losally, 2 bdleck shsle 123 present in the lower portisn of the Lodgew
pole formation (Figure 14}, and 1t is ueuslly separated from the upper
shale uni4 of the Jallwn formation dy 2 thin bed of limestone whish is
pimilar to that of the lLodgepele, Puller {1956, p. 26) reported a gray
to black "marWer” shale in the Hadison of southesstern Saskelchewan. s
faund 12 to ko pressat about 10 to 13 feet above the Zalkken and overlying
& redwstained, breceisted limestons. 4 similar black shele is present
in seversl wells in ¥eKemzie, Dunn, and Noumtrail Countiss. Commenly,
the ghale ig separatad from ihe Zekkem by a wedium gray, dense linestone,
Gowsver, in the Socomy Vacuum Oi]l Cowvany « (. Dvorak Ho. 1 well, 3EINZ;
see, 6, T. 141 H., R 96 ¥, Dann County, seven Tset of black shaly lime-
stone g separated from the 3akiesn by onme {oot of brownish gray, {ragmen-
tal and orystalline limestone, and seven Zeet of light ollve gray, dense
limestone (Figure 14j.

3tenton {1996, n. 79) proposad the terw 3callion member for the
lowerpost carbdonate sember of the ledgepele formedion ia southuwestern
Hanitobs. He described this wewber 33 consisting of white %o pinkish

limestonss, microcrystalline, cherty or shalky,; snd loeslly oolitie and
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erinoidal, He algo provosed the term "Houtledge shale™ for a lacally
distributed dlack ghale which overlias the 3aldten. 3Stenton {1558,
ve 381} raported that the Joutladge adttaine 2 maxizum thickness of 90
faet; the sontact of this shale with the 3skken is sconfarmabla, and the
iithology slseciric log frace a3t the Foutledge and Bakken are similar,

Je stated that the difference betwesn the Joutledge and Zakken is thats
1t [foutledgs] lies bensath typical 3callion member lithology
and above the siratigraphis horizen ssleated eisevhars sy merking
thie top of the Bakken Formedtion.

The writer 414 not use this terminolegy as these units sppesr to be
local in extent and not tracesble ithroughout the area of this astudy.
The writer agrees with Stanton {1958, p. 382} in questioning the litho-
logy found in the Ialden interwval in the Routladge itype ssetion wall.
3tanton reported that the well cuttings conelsted of dark brown shale,
light gresenish gray silistone and sandetone, snd a irace of red shals,
Zxcept for the brown shals, the lithology did not aeem tyzical or con=
sistent with that of the Baldeen ss seen from other localitles by the
writar., The locsl black shale found in the lower poriion of the lodge~
oole Cormation may be sgulvalent to the Routledge shale; however, the

writer aoould npt demongtrate this relsationship,.
Thickness

In Worth Dekota the dalken Tormation renpgez in thickasss from a
maxizue of 115 féﬁt in western Divide County %o a mife sdge in the
sastern third of the siate where ii is trunceted by ihe prewjursgsic
srogionel unconformity. The 3ekicen formetion thiskens from the southe

2agt to northwest nortion of Horih Deltota, It iz thin in a nerrow,

-
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elongete arse trending northwest %o southeagt in the southwestern
portion of flerth Dalketa., The Iakken apresars to be missing in central
Golden 7alley County., To the south of thils arsa whars the Sekken i3
thin, the shale &aeemeg thieker, and 1% is about 50 feet thick nesr the
3lope~Bowman Cownty boundary.

in nerthwestern South Imkois the Bakiten formetion ranges in thicke
pess from a meximm of 42 faet in Peridlns County to s Imife edge in the
vielnity o2 northern Butte and Meads Countiss. T4 is thought by the
writer that the Baldten la overlsin by the Znglewsed formetion in Butte
County.

Crogs sectioms of the Sadloen and the wmderlying Three Forks forma~
tion show that the sedimentary uniis convergse or wedge out in an easterly
direction anoraoss the srea of study {Flate II, III). The upper shale
unit of the Sskiren avems %o extend over s gresier ares than the lower
shals unit (Pigure 1%). However, the lower shals of the Sakken is genere
ally thieksr than the woper shels, aspesially in the uas%srﬁ half of the
arge of this study (Pigure 16). The ithinning {posaibly convergence) »f
the ssdimentary units of the Thres Forks formetion sey be due 1o pree-
Bsklen srosion or depositional thinning. The writer 4id nmot sttewpt to
divide the Three Tarkes Pormation inte lithogenstic units as the lithalegy
was Tound to be acuite variable. Thigs varisbility made 14 diffisult to
trace the vari@uuulitkalagia units for any grset distance. Fuller {1956,
ne 23) recegnized truncation of the "Qu'iprells group®™ {Thrae Forke fore
mation} in sestern Zeskatchewan. He reported that erosien is indicated

by a sebbls hed or "hamal conglowerate” at the bage of the 3akken shalas,
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Faller {2956, p. 18} divided zoutheastern Jamskmtchewan iato 4hree
regionas (1) Central ires or the arss in which the thrse wnits of the
3pkken formetion are presant, {2} Zastern Shelf Ares or the are in whioch
the lover shale umit 13 misasing, (5] Northwestern irea or the ares where
the lower shale unit is missing, but its nosition is "oceupled 3y pale
gresn and oshreous varizated shaiaﬁ, whisgh closely réﬁambia thoze of
the Qu'ippelle group [@hram ?nrkg].*

Un the bagia of Fuller's division, the Central Ares and the Zaste
ern Fhelf Ares could be extended southward inte the aree of thias study.
However, ee this "shelf* sres extenda eround the Uemiral Area in souths
ern Horth Deketn snd sastern Nontens, it aight appear appropriate to
dagignate this ares the southern and western shelf aross. The boundary
betwvesn the southera and esatern chelf aress could be srbitrarily Jrawn
neer the mutuel seunty boumdaries of Zmmon end #ointesh Jounties which
ia near the southern most 1imit of the lentral Aren. Rather than heving
s diviglon hasod mainly upon gesgraphie location and arbiirary bhoundarisas,
2 better maana of designating this sres seem anpropriate. The writer
proposea that the "shelf” areas arvund the Cemtral Area in this ares of
study be designuted the Merginsl Shoelf. Tha terms "esstern, southern,
snd wootern ashel? aress™ could be uged for disecumsion purseses in pointe
ing aut gesgraphic locstions of features within the Yerginal Zhelf.

?ﬁe ziddle slunticwcarbonate umit of the Bakken formation ecoura
weinly in the Central Ares where it is essily Zefined, sinee it iz wnder~
lsin bhe the lower shals unite: One sxeoptlion fo thig generslization
seeurs in Meleney County which 1s located ln the northeastern portden of

the Marginal Zhelf. In thie arss an igzolated ocourremce of 211 three

-
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units of the dsiden are present, This sccurrence possilly can be attri-
wited to a loeal depression in which the somplete Zaliken was deposited
and protected frow aresion which probably occurrsed during the lower
¥ieslaalpplan in different parts of the Herginal shelf,

The middle umit reaches s maximem thicknesa of 60 feet in northe
wegtorn dountrail Jounty in the izmersds Petroleum Corporation -~ Tiogs
Unit %o 143, SWiNW sec. 18, T. 158 K., Re §4 4., (Figure 17). The
thiciness of the middle walit in this eres of astudy ls guite variable,
therefore, definite treads of ssdinentation were Jdifficult to establish,
Jemorally, the unit ia thicker towmrd the northwest cerner of the ares
of this study, and thimer toward the YMarginal Shelf, but exceptions to
thig ¢rend are commen. Nordaulet (1953, p. 74) reported that, "the
slastie ratis of the formetien [éakkaﬁﬂ inerezsee northward into southern
Canada and & source in that direction ls indicated.” Reasomer and Dust
{1954, n. 1539 introduced the tern "Colevills sand” for the middle
“gand® of the 3Jmiken formetion. The writer does not agree with their
ugsege of the tarz “sand”, Ita useage should be restrigted to the undon~
solidated sand size material rather fhan to designate sendetons,
gspecially in forwal nowenciature, The lithology of the middle wnit of
the 3alicen varies Prom a cslesrecus sendstons and siltatone t¢ = silsy
lipestone in the ares of this study, and, aa‘repartsﬁ byiaeasaﬁar snd
Hunt, the 1ithalqu'ean§iata of ghale, limestone, and "send” in the
{olaville region. 1%, thersfore, seems necossary to drop the term “asnd”
or sandstone {rom the term "Colaville sand” snd rename the asiddle wmit of
the Bakiten, the Coleville member. A type section should be designated

since the mere suggestion of & region {the Coleville region, Sasicatche-
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wan, whish was éesigaaﬁad ag ithe region for which the term "Colevills®
wea proposed and applied) does not sesm sdequats, Although thia ters
has been used gquite extenaively in the literatuve by workers north of
the international boundary, i1 ie the writer's opinion that the term
gshould be repropased in sccordance with the standards of the Stratie
graphic Code. Therefors, the term *Colevills sand” should be abandened.
It 1s not utilised in this work.

Standard Zeference Zection

The 3ogony Taouur D11 Cowpany - C. Dvorsk ¥o. 1 well, IBINEL sec.
&, T, 141 H., R. 94 %., Dumn County, was continuously cored from the
loyer part of the Lodgepols formatien, through the Sekken end Three Forks
formetions and lnte the Birdhear formstion. The gamma ray end lsteral
lng trace of thewe formations are very charsoisristis, and they can be
eanily used to define the boundaries of the various lithelsgle umita.

It 1s, therefere, propased by the writer that the Bakken interval
at a depth of 10,075 - 10,095 Peet in this well be deszignated as »

gtandard subsurface refersnce gsction in the arsae of this study.
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Bakiken formation loetsted in the Soeony Veowus Q11 Company - C, Dvorsk

Ho. 1 well at s depth of 10,035 «» 10,005 feet in the drilled well,




EEVIACHMEST OF DEFGSITION

The isopach map of the Zskken formetion in North Uskota shows a
merked thickening of sedizents toward the northwest corner of the stete
with s maximum thicknegs bn Divide Qounty {(Piste I). The sediments
appeer to have been deposited in & subsiding {rough whioh extended inte
the area of this study from Canede.  The Sentral irea of Horth Dakote,
Hontans, and Saskatehewen in ehich the thres units of the 3akken forms-
tien are present, is thought by the writer to be the general sres
oocupled by the seaway. The Sakken sea probably transgressed from the
Cordilleran region across Cenade and into the Central ireas, This gea
wee initially restricted in cireulation, later became s normal marinve
sea, and was then agsin restrictad in ei#mlutiam The biack shales were
deyosited during times of a restricted ses, and the clasticecarbonates
wera deposited during times of a normal merine see.

The Marginsl Zhelf ias thought to be the general marginal area of
the Selken sou. Toward the marginal area, the stratigraphiec uniis of
the Jekken converge and depositional thimning cccurs. Within the mare
ginsl areass the lower unit of the Bakken is missing, probably because of
non~deposition in 20me sreas and srosion ln aother sress. For thia resson
in ths marginal sreas the Bakken formetion ia very diffieult to trace
either with mechanical lsgs or samplsa.

 Borden {1996, ». 137) reported ihet during Late Devonian time the
Cordilleran ses irensgressed southeastward aseroas southern ilberta,

-
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wegtern 3agicatehewan, anmd into northuestern Nerth Daltota. He also
pointad out that in lLete Devonlan = Zarly Wississipplan time there
was uplift in central 3askatehewen, and in eouthern Alberta the Sweoet~
géass ireh wes uplifted. Sordem (1994, pe 137} also bolieved thate
71th the advent of the Hlasiasippisn there was a small

break, and then s shallow stazoant sea from the Cardilleran

invaded western Oanmda. The sea beceme deeper end more open

in the labter pert of the Masiseippian.

the aseiiasl deposition of the Fakken formation from s lower blesk
shale to a siléy-sandy lizestome, and an upper bleck shels, mrobably ean
be atiributed to the contrel of sireulsation of this early Wississippian
aea by teetonie sotivity in southern Alberts and southesentral Saskatchss
wan. During tisesg of t&atonia agtivity, e threshold, shell or asome other
submerins darrier could have existed and restristed the frees cirsulstion
of the ses. Altheugh thias could hardly have bsen the sole cause Tor the
restrictad sea during Sakben time, 1% might have bosn one af the contrie
buting factors in the area of thig atudy. Contemporsnsous widespread
envirommenial conditions faverable 2o the deposition of black shalea
existed durizng the Upper ﬁavanién and Lower Hisgissippian. 3lack shales
such as the Chettancoge, Hew &lbeny, Grasay Oreek, intrim, 3udbury, and
Chio were deposited th?cagha#t.varians sectiong of the interior of North
imerics.

It was daring times of poaf sirculation and geration in gquiet waters
that the black shales were deposited. The shales are very fine grained,
finely laminated, and flassile which suggestis an enviromment probably
below the influence of amy wave action and deposition meinly by settling

af suspended meterial. The éngiranmunt below wave base ig enlled fonde

-
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environment {Rich, 1991, p. 2019}, Adceording te Aich, the devcsitional
environment of shales may be indicated by the typs of stratificstien,
naturs of the materials, apeed of depositlon, and nature of the fauna
and flore.

The dark cclor of the sheles is ususlly due to the high content of
arganie msterial much of which is probably &Iléaht&nnaus. Twanhofsl
{1939, p., 1181) pointed sut that the luck of oxygen and the scoumulation
of toxic products will eliminste acavengers and certain bdscterias which
are necessary lor decomposition of orgenie materisl. This allows the
organic meterial to be preserved and later deposited.

Foesils are rare in the Bakken black shales except for an abundant
copodont fauna. Although conodonts are commonly found in black sheles,
they are aia@ found in many types of sedimentary deposits, hence, they
have been asscciated with varicus environments. Une specimen of Jonue
leria was found in a core taken from & depth of 4199 - 4202 feat in the
Continental 01l Compuny - iueth Ho. 1 well in Yells Zounty, Nerth Dakota.
3ince conularidas ave found in deposits representing a wide renge of
environmentel sonditions, their mers presence does not suggeat a parti.
cular environsent, Fish scales (1) vers ocbserved in a cora taken from
the depth of 11,258 - 11,261 fest in The California Compeny - Rough Creek
¥os 1 well in MoXemzie Uounty. These fish saales (3] indicste that an
environment probably sxzisted at the time of deposition which allowad the
organic zsterisl to become preserved and not decomposed. This black
shale fguna seeons Lo Ho an assexblage of neirtonie or plankitonic organiesms
which could have survived near the surfacs of the water. Aftsr death,
remains ;f the orgsnisus ssttled to the bottom, and became pressrved

beosuse of the abgence of scavengers.
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Fosgile are mors abundant in the giddle 2lastic-carbonate unit of
the Bakkon Tormetion. The fossils consisted meinly of brachiopeds which

included Jrbiculsidea sp., Cystespirifer (7) sp., snd §

This fauna indicated thel a “normal” zarine environment sxisted during

srotoschia sp.

the deposition of the middle clastiewcarbonate unit of the Bakhen.
Brachiopods are marine sessile benthenic srganisms, and their presenece
is suggestive of an enviromment capable of sustaining bottom 1ife.

Sandberg and Hammon {1998, ». 2331) renpsried that, “renewed uplifi
ef the Central Hontana Pletform and the 'ancestral' Cedar Cresk inticline
zarked the close of blask shale depssition,” This wes Pollowed hy a
short, peried of erosion of the Upper Devonian and Lower Mississirpian
raocks which wers exposed on the uplifted areas.

The thinning of the Hakiten formation in Golden Valley and Hettinger
Counties probedly occurred at this time due to loeal uplif't associated
with the mmjor uplift of the Central Montans snd "sncestral” Cedar Cresk
Anticline. The thinning of the Bakken oocurs very rapidly from 60 feet
in southern Tann County to leas than 10 feot in Hettinger County. Thise
rapld thinning sould posaibly be pertly dus to iruncation at the time of
the uplift, and also, because the lower shale and the middle clastice»
carbonate units are missing either becauss of non~deposition or erosion.

Ressonsr and Hunt (1954, p. 1540) reported that the widdle unmit of
the Zakken formation 1s a tysicel send baretyne deposit in the Coleville
region of Seskatechewan due to its varishble thiskness in short distences.

3andberz and Hemmond (1958, p. 2530} pointed out that the Englewood
formation probebly was deposited over the submerged 3lack Hills Arek about
the sams time ss the Central Jontana Flatforwm and "eancestral” Cedar Ursek

intisline were being uplified and eroded.
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Mg, 18.»«0ore of the middle clestic-carbonate unit of the DPalkken
formation in The Texas Company « J. M. Domshue Ho. 1 well at a depth of
11 .000 feet.

Fige 10.»=Core of the lower shale unit of the Bakken formation in
The Texas Company « J. ¥. Donshue Mo, 1 well at a depth of 11,008 feet.
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The Inglewsod probably was deposited about the same time as the

daicken., However, EZnglewsad depasition probably continued sfter the and

af Balkken black shale deposgition, This relstionship of depositien is
suggested from the stratigraphis relationship of the Baiken snd Engle=
wood forwations in northwestern South Dakots. The ingiaﬁoéd formation
sesms to have Yeen depoaited nesr the outer adges of the marginal Bakken
ses. Howsver, the enviromment of Hnglewood depogition seems £5 be gulte
different than that of the 3altten. The presence of s lower siliy shale
of the Snglewood suggests that the initial deposition took plece ina
sen that was less restrioctsd than the initlel Babken ses. Fluctuating
ses conditions followed, az ahowns by ths interbadded shales and lins-
stones. The sea then desame oyen and sontisued as such for a long vperiod
of deposition as indicated by the continuous sequense of limesione and
dolomite of the Znglewood end Fehasapa formations. The oontact hetween
these two formetions is transitional, and no break in sedimentetion is

iandientad in the rocke.




SCRRZLATION AHD STRATIGRAPHIC COMPARTIICUI

The plecsment of the Devonian-iissiseiplen bdoundary in the area
of $hils study is beyond the acops of this report, therefore, ths writer
relied hesvily on the apinions of other workers who have conductad
paleontological studies. Many worksrs agree that the systewic boundary
ccowrs at the bese of the black to gray wshales of the Zxshaw formetiom,
the Little Chief Canyen mewber of the Lodgepols.formetion, the Jappington
sandstone, the inglewood formation, and the 3gkkaa formation. Gensrally,
canofonts have been u&a& to date the black shales, and the overlying
strats usually sontain Mississlippian fossile snd the underlying strats
eontain Devonian fossile.

I¢ hed been hoped that = study of the copcdonts present in the bdlack
shales of ths Bakken formetion could be condugtaed, However, 4iffieculty
of extracting complete specimens waa snoountered, and the study was not
puraved.

For the selte of conveniense and lagk of evldence to the conirary,
the writer agreeg with ths placement of the Tevonian=-iigaissippian bounde
ary al the base of the dlack to gray shales. The boundary coincides with
the lithogenetic breosk betwsen Devenian-type siﬁimeatatiaa and Mlsslissipe
plan~tyse sedizentation in the ares of this report. The syatedic boundary
could, hewever, sonceivably seowr w»ithin the dlack sheles. in exawpls of
sueh an socurronse takes olace within the Chattancogs shale in Tennessee

and the Xsw ilbany shale of Illinelis and Zentucky.

-
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Herker and Nclarsn [15%8, ». 2%3) state that:

The two lower members of the Bakien formation of the eubgure
face corresvonds lithologleally with the Zushew formetion.

Himilar serrespondance axists botwasn the Ixshaw and the Jappings

ton formation of scuthwestern Kontans, if the Sappington ia
interpreted ss ineludiag the blacit shale below the sandstone,

Rent {1939, pe 18) ia wostecontral Saskatchewan divided the Jakken
into three ssmbers which ars the Zxshaw shele mamber, the Colaville
snadstons nember, and the upper shale membsr. Pemer (1998, p. 2066)
sorrelsted the lower shals unit of the Zaltkem with the blaok shals of
southern Alberta whioh is ¢orrelated wiih the Zushaw shale. He further
atated {p. 267) that:

Inasauech 33 ths terz *Sxahew” is used axslusively by the ine
dustry (with some justifiocation) ne change in terminology is pro-
posed in this paper. However, if the dasal black shals of the
Jakiten ia nawed in e futurs pagzsr then that neme would be appli-
zable.

The writer hesitates at this tims in designeting the lower uanit of
the Zaklen Tormation in the area of thig study, the Zxshavw shale meumber,
However, there puesmg o be some evidence ea ghown by the workers north
of the internationsl boundary that thia relationship exists. Further
work ssems necessary in the way of ragional correlation from the ares
of this study to the outorop aves of the Exghaw shale.

The Bakken formetion does not extend to the Blaek Hilla, however,
the lower shale unit of the Zngleweood forwation is thought by the writer
a3 heing equivalent or nearly equivalent to the Sakien lower shale. Thise
relationship ia suggested by the stratigraphic position of the Haklken and

inglewoed in Butte County, South lekota.
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CONCLUBIONS

The Zmglewood formation of Missispippian age srope out in the northw
ern Black Billa, and it ls 4iffleult %o trace in the subsurface for
any greast distanse.

U1ffleoulty in tracing the Snglewscod in the subsurface may be due to
changes in litholegy, ahuﬁg@siia aalor, and poor semple vecovary,

A type section sesuring twe niles southwest of Inglewood, Ssuth Dakota,
HY.N2: asce 31, Te & Hay R 3 Z., i propvosed Per the Inglewcod Por-

mation.

The Inglevood formation in the outerops consists of a lower shals unit,

s widdle argillscecus and shaly limestons unit, and an upper dolomi-
$i¢ limestona, |

The Zuglewcod forwmetion appears to overliis the Zakken fermationm in
Butte Counity, South Dakota.

4 standard reference section {ihe Deadwood junityard seetion) oceuring
at 2895 13, T. B Hey 3 3 Hey 18 propoesd for the SEnglewood forme-
tisn.

The lower shale unit of the Znglewoed formation 1z considersd $o be

sgulivalent or nearly eguivelant fo the Bekien shale.

The Bekken Formation does uot crop sut in the ares of thig atudy,
howvever, 1% %uﬁura throughout the Wllisten 3asin,.

A lower blesk shala unid, & middle sandstone, silisione, ailty Iimee
stone, or liésztaae, and sn upper hlack shale wnmit meke up the Jakken

formetion. .

o2
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Tha Jaldeen sen be 2asily traced and defined in the arsa wherse the
three units sre presenty this area iz desigrated the Janiral ires.
Arvund the Jeniral Area, the Bakken lithelogic units converge and
becowme thin, and the lower shale is wissing; this area of ceourrence
is designated the Warginsl Shelf.

Par the sake of convenience and having feund no svideneses to the
contrary, the writer sgrees with the slecement of the Devenlane
#esiasipoisn boundary at the base of the Bakken formation.

The Bakken sea probably bed its origin in the Cordilleran region,
was lnitially restricted in eireulation, later beeame 2 normel
sarine sea, and waa i.imn again restricted in elroulastion.

The 3sidken ses probably occupled the Centrel irea with its general
wargipal area defined by the Margzinal Zhelf,

The Englowood formation probably was devosited about the same time
a8 the Bakicen, but Snglewood deposition probably eontimied after
Zakiren dﬁwsiﬁm.

The term "Celewville 2and” whioh was introduced by Feagoner and Hunt
{1954) is herein rejected.

At this time, the writer hesitates to omll the lower Black shale unit
of the Seklren the Zushaw shale memher as suggested hy workera norih
of the internationsl boundery.

i slandard reference section {Socony Vecwus - C, IJvorak N¥o. 1 well)

for the 3Bekken formation ocourring at 3Bi3BL see, &, 7. 141 ¥.,

e 98 We, Dunn County, North Dakota, is proposed for ihe Jakken Porms-

tion.
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AFTERDICER

Appsndix I. 1ist of Well Loeations

Borth Dajrote - Ssmple Study

¥umbers are those used by the Nerth Dakota Ceclogloal Zurvey,

27

3%

151.

232,

221,

3024

hos,

410,

505

Union ¢il Company of Californis - Chrie Gkjervheim No. 1 well,

‘ H*&;ﬁﬂg Gete 2@; Toe 1IN0 Hey He &3 ey Covaller Coumtiy.

imerada Fetroleum Corperation - H. 0. Bakken Ho. 1 well or
Tioge MNedison Umit 2, 123, SwWlY; sec. 12, T. 157 ey R 98 ¥,
#1linms Sounty.

#unt 011 Compeny = ¥. 3. Shoamaker Ho. 1 well, NEiSW: ssc. 3,
Te 187 M., % 78 W, , Yoillenny Sounty.

Hunt 011 Cowpany - Ompe Xloven Na. 1 well, 3¥i8W; see, 18,
}?i 139 ggg g’%a gﬁ 7},%%'; W}.ﬁgh Qmw‘

ELNY} sec. 27,

Continental 011 Company ~ lLuath Ho. 1 well, I

Ioungblood and Toungblood « lester Kelstrom No. 1 well,
3§$3§’§ 88T Qé, Tu 155? Hey Re 65 Ye 3 Grant Coumtby.

Amersds FPetroleum Corporation - Herman May ¥o. 1 well, W¥NE;
3eds 9y Ta 13? Hep . 100 Hey 3&1113‘%9 %Wity.

Sam J. Harrisom = J. Hs Anderson, snd eothers, Ne. 1 well,
FYBE; eec. 21, Vs 157 H., B« 8% ¥, Yard County.

Pure 0il Company = J. M. Qerr No. 1 well, NELREL sec. 15,

Ta 1£¥§ 'ﬁ-; .39 ﬁé Fup Foater ﬁm‘tyd

Gulf 01l Company - Dorough Pederal Yo. 1 wall, WEISES sec. 24,

Socony Vacwum Oil Compeny, Inc, =~ C. Dvorak Ho. 1 well, 33ju3%
el 55 To 141 H., R. 9& %o s Durm Countye.

-
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514,

o527,

328,

&by,

685,

06.

5.

1069,
1405,
1575,
1620,

1679,

58

“patern ﬁawm‘ Gas Comwpmny - Traux Trasr No. 1 wall, ¥
sec. 13, Te 132 ¥us 3. 102 9., Zowsan Couwndy.

The Californis Company - fough Greek Unit ¥o. 1 well, RumaL
swo. 13, T. 148 ¥,, %, 28 ¥, Helenzie County.

e He Hant = L s Andersen Ho. 1 leg ﬁ%;ﬁﬁ,& 240G« zﬁ: T 157

Gorden Iutterfisld - fudolf Trautmsn ¥o. 1 well, 3ZL8EL see.
§z T ﬁ"? Hey 2. ﬁ& Hoy Baitonun aﬁmﬁ?!

Caraline Dunt Trust Sstate -~ John Welts, Jr., Se. 1 well,
KB 3,;’; BT . }.§§ Te Im Hey Ao 76 Hey Sheridan ﬁmﬁyt

Shell 0l Cempemy - B4fford Merchus No. 1 well, SEjSEL esc. 23,
Te Iﬁ? ﬁc, Re 70 Wy ﬁwﬁﬁ Wt

Usroline Hunt Trust Zetate - Anten Hovy Ho. 1 well, $E18EL
seo. 14, T. 144 ¥,; B 77 %, Burlsigh County.

Sulvert Explératinn Company -~ Fred and $igne Wizht ¥o. 1 well,
i&"#ﬁ%&i gsoce 15, Tu 184 2,, %, 78 u., NoHenry County.

Sogony Vacwwus 031 Cowpany « Solomen Zirdbesr Se. 1 well,
ABINE: son. 28, T, 149 M., 3. 5‘:1 ¥a, Dumn Sounty.

Lion D1 “m - #glince &11,} and othera, flo. 1 well,
BHLE secs 14, Te 182 3., Re 76 ¥, Botiinesu County.

Gulf 95} ufmpmy w Ba Piarre Federal o, 1 wll: BYI8% set.
?&, T. 148 Hap Bs 104 Hey Hokenzis Oounty.

The Texss Compsny - J.o ¥, Donghue Ne. 1 mn, FULHEL see. 23,
Te 155 Ny, R, 100 4., ¥lliams Countys

Cardinel Irilling Compeny - 3, M. Xesler Ho. 1 well, HuWi@u;
aec, 1, Ts 159 N., 3. 82 4., Sottlnesu Jeunty.

Amerade Fetroleum Corporstlom « C. Penck Tract 1, Ho. 2 well,
NWHES sen. 27, Te 150 N, Re 96 %, HeEenzie County.

The Carter Company = L. L. Johnson and Ellen Johneen ¥o. 1
well, ¥Wlg¥l seq. Py Te 129 M., . 106 ¥,, Bowsan Coumty.

Fan imericen Petroleus Corporation - Zaymand Yeliter Ho. 1 well,
?Ef;s'&a sacy 27, Ts 132 ¥., e 20 ¥, Yorton County.

imerads Petroleum Corporation ~ O, C. Hogen Traect 1, ¥o, 1

well, 359 see. 10, T 153 H., Re 96 U, Hofennie Coumty.
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Sorth Dekots ~ Jechanical leg dtudy
Yaubers are those used by ihe Yerik lakots Jeological 3urvey,

##ll Vo

2}‘ 30@&963‘ and m}ézﬁ%ﬂ’ incs = 36 g Heber Zo. 1 “115 S8y
S, 5“5; Te 355 Rey 3 ?é Hay Dwaona Soanty.
5%, Amerads Fetroleum Cerporaticn - 3. H, Risser No. 1 well,
gvﬁ; %‘!@ BE0, igg Tu 3‘&@ ggy ﬁt 9&; :fcg. Hetenoie Wﬁf.
40, Stanolind G11 and Uas Company ~ Holean County Wo. 1 me&l,
3%@‘%‘%}; g 28, T. 150 F.y B« B0 ¥ Yoy Halaan Sty .
Sl Stenclind 011 end Gas Cowpany =~ J. Srusieh RJe, 1 well,
355,§%E§ gsacs 8 To 130 ey He ?’5 ey 3lope Coundy.
105. Sterioling O11 end fag Company - Yalter and Ingeberg mawick
Fou 1 well, 35%;@2‘:% sog. 2, T. 1§3 ;?-3.., Re 8§ §i$,,, Hard M*
1745, Continental - Cuenelend So. 1 well, NULNW: seec. 3 T 150 %.,
Re 77 Wey Burleigh County.
5. iporsda Petroleunm Oargoration - Tlaga Madlison Umit £, 143
well, :“3“""}-'§t BOD . 13; Te l‘j@ “gup Ae ?‘é‘ ey Hounbtrsll Ooumty.
S48, Pure 511 Company - Ols Gunderson Ho. 1 wall, SWlw; see. 11,
290, Caroline Hunt Trust Zstate - 7. ¥ Puller ¥o. 1 well, 3IWSE.
g20e. 5y Tys 136 Huy Ra T3 ¥Wey Lagm County.
807, %am Vmouum 011 Sompanmy ~ Angus Xennedy Fe32+24eF well,
SWNES: sesc. 24, T, 149 H., %. 9% %, Dam County.
£31. Thle 041 Company - Stending Reck 3loux Trikel Wo. 1 well,
33&%‘3"’5 ”ﬂi’ 2?; Te 131 ";t’ Et &f} ?é:h' S suw lim"lt}"n
5560. He Ha Hunt = "hﬁy g&lﬁ' ¥o. 1 Wzly i’iiﬁﬁg* 20 w}g [ES l”} ﬁla
R 82 4., WBrd County.
1231. fnerads Petroleum Jorporation » Iverson Nelsonm Unit ¥o. 1
waell, ¥E: sea. 2, T. 155 8., 2. 96 9o, #lliapme County.
1443, Dekamont Zxploration Cerporation = 4, Z. Jacobson ¥o. 1 well,
1h48. Jamen H, mdm‘ and others « M. i. Yorrisom No. 1 well,

3&;&.@”% oo, 3&, Te 130 By, 2 }(Qﬁ ey Bowssn CJounty.
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1534, imerads Fetrolsum Corporation -~ Herfindahl Kvam Upit ¥e. 1
x@llg ﬂg‘i HES . 35@ T l?é e 3 % Hep ¥lliamas Soumty.

1546, Tarr ¥eGes 011 Induatry, Ims; » Arlet Johnson No. 1 wall,
HESEW: sete 38, 2. 162 Ho, Re 101 ¥., Divide County.

2010, e Carter 011 Compamy - D. Foore Mo, 1 well, WWANE: sev. 7,
Te }.éﬁ Hes Be 102 Yay Dlvide County.

cota - Sewple Study
Humbers are those of the writer.

¥ell Ho.
30 1. imwrada Fetroleum Corporation - State Ho. 1 well, HW;N¥ sec.
3R 2. 5hall 04l Company - State of Zouth Deketa He. 1 {3409) well,
g 3@3‘3?‘% gae. Py T. 21 ¥y A 4 H.y Herding County.
3D %,  Ueller Hush - Welsmen ¥o. 1 well, NWASWISEL ses, 30, T. 7 ¥.,
R & E,, Lewrence County.
| 3D 4. Younghlood and Youngbloed = No. 1 Jalvin well, O SELSEL sea.
32 5. 3hell 01l Company = Vesl Ne. 1 well, 3BYSE} mee. 7, T. 17 He,

e 15 Ze, Perkina < Sonandy s

South Daketa - Hechanioal log 3tudy

Huasber ig thed of the writer.
¥all Ho.

80 7. 3hsll 011 Compeny = #inter ¥e. 1 well, W#iSWj see. 11, T. 22 H.,
2. 19 5., Corson County,

E
. Homtass - dample Seudy
: fumber is that of the writer.
#oll Je.
¥ 1.  Shell - Wo. 43 = 221 Unit well, O HEASE} see. 22, T. 11 W.,

2e B7 Zay vhbeux County.
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Hell

# 2,

i 3.

8 by

¥ 3,

1 6.

£1

tans « Hechanisal Log 3tudy

Tusbeyrs ave dhose of the writer.

Ko
Mwerada Petroleum Jurporetion - ¥o. 1 Loucks well, © NEgsuL
soa. 35, Te 56 ., R, 52 B, Sheridan County.
Unien 011 Cowpany of Califormia ~ Nuhring No. 1 well, NWiNE;
gec, 32, Te ﬁ Hey R 4? Bey Baniela Jounty.
Hurphy, end sthers ~ . Poplar Ho, 1 well, ¢ 3W;EE] see. 2,
:;i#!ifiﬁié - ¥adoe So. 1 ”il; 2%255%5@5;{ sOC, §1; Pe 5? w’gug Re
liﬁ; go; Mﬂ'!! smw#
Pillipe, BSrown, and Roek - No. 1 Hermon well, HWNW: ses. 20,
Hobile « Mo, Pe335«2%F Demm well, Hw;38% sec. 23, T. 29 ¥.,

2, B4 L., lossevelt founty.

Appendix 1. Llithologic Descriptions

Wall Ho.

27.

32,

Union %‘éﬁ ﬁmmy of Cnliformia = Chis Skjervheim ¥o. 1 well,
WWINEL sec. 28, T. 199 W., B. 63 ¥, Cavaller County.

Ledgepole formation
1575 » 1589 Lizestone, light gray {ﬂ?}, sryetalline.

Sevenian (1) Sirdbear formation (1)
1589 « 1628 iLinmeotone, gmyuh arw pink (5YR 7/2}, coarsely
erystalline, and vuggy

( Zakken formation not pressnt)

isarads Fetrolews Jorveration « H. O, Sakken Jo. ‘} well, or
ﬁ% ?ﬁﬁ@im Unit B 125; &?ﬁgﬁ‘ﬂ% sece 12, T. 197 Hey Re
2% ¥,, Mlliams Oownty.
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MTO - B0

9480 = 5510
9510 - 20
9520 =~ 9600
9600 ~ 10

Limestone, mediuwm grey (¥6) w light gray (N7}, Dine
grained, dense; anhydrits, whits, sbout 1 persent of
the sample; minor amount of zsndstone, moderste reddish
arange (100 4/6), fingwgrained,

dwegtone sz sbove.

idmestone es sbove; limestone, méim gray (N4}, dense,
Limestone as above; minor amount of anhydrite, white,

Livestone, medium dark gray (N4) to light grey (37),
denas; shale, dark gray (83}, fissile, calcarsous.

Bakken formsiion $81%

910 -~ 20
2620 « 3D

450 - 30

D60 - 270

limegtone apd shule, ez above; erineld siems.

Shale, deark gray (4%), slightly eslcarecus, fiszils,
pyritic, carbonacesus.

Sendetone, brownlsh gray {5IR 4/1) to light grey (¥7),
very finmei.zraiped, sslcareous, rounded quartz gzrains;
anhydrite, yellow gray (5Y 7/2), about 15 percent of
the gample; brachiopod fragments.

Shale, durk grey {¥3), slightly calcareous, Tissile,
pyritic,

Thres Porke Tormation 9720

720 = 30
PTI0 - 40
97hO - 50
9750 - &0

2760 = 50
9790 = 9800

5800 - 5900

Shale, ap aboves dolowlte, lizht greemish gray (56 §/1),
mlerocrystalline.

- Dolomite, yellewish gray (5Y 7/2); dolowite, light greenw

ish gray; shale ss above,

Dolomite, yellowish grsy (5Y 7/2), ssccharoidal to
sryptocryatalline.

Dalomite, yellowish rray %o grayish srangs vink (5Y8 7/2),
eryvtocrystalline.

Dolomite, as above; anhydrite, white and yellow gray.

Dolewite, as abover limestome, grayish orange pink,
eryptosrystalline; anhydrite, vhite.

Dolomite, ss above; shule, modurate reddlish brown (10R

B/6}, fissiley pyrite ervetsls; dolomite, light gray, microe
erystalline: minor chortd, white; miner zyveum grystals,

-
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Jirdbeer formation 3905

200 - 20 Shale, moderates reddigh Srown (107 475}, Stasila, eale
carsdug; dolovite, yellowish gray and light grsenish
gray (59 8/1), =icroerystalline; amhiydrite,

9020 - &3 iizestens, brownish zray {571 4/1), dense; limestene,

very light gray (N8}, wyatauimg anhydrite, light
brownish grey (O &/1)

funt 011 Company = ¥%. 8. Shoemsker No. 1 well, HEISY} see. 3,
Te 3."“‘:" Kep Hké ?’5 E‘?tg ?ZQESW? Gﬁﬂﬁﬁy-
,aaégnwle fornation
560 « 4650 Limestone, medium Zu.ght gray (H¥6) and light gray (7)),
fragmental and finely arvetallins,

Bakken formetion 4680
4650 4670  Shale, dark gray (¥3) to black (%1}, fissile %o platy.

EE70 - 4630 shale, ss sbove; ailistons, medium gray (55}, eslcarecus.
4680 - 4500 3iltatone, derk gray: shale, as above,

4690 « 4710 shale, as abeve; shale, reddiszh brown (10R 5/8); silte
stome, light gray, eslcarsous.

Three Forke formation 4710
A71C - 4750 dhale, reddish brown, calesresous.
Hunt QL1 Company - Zome Xleven ¥o. 1 well, 3WisW; ses. 18,
Te 140 He, 3. B0 %, Surleigh County.
lodgepole forumbion
SH00 - 10 Limastone, sedium light gray (¥6), very finme grained,
microorystalline.

Zalkdren Tormatien SR10

5810 - 50 Shale, blaek (H1) fissile to compact.

Thrae Forks fovmetion 5850
2050 = 20 Dolomite, light Wrownish gray, crystalline, mieros
ageeharoidaly limeatone, medium gray (¥%), dense.

8800 - SG00C  limestone, gresnish gray (GY §/1), dense, microcrystsle
1inw.

BO00 - 10 2iléstone, pinkish gray {5YR 8/1); limestone, as sbove.
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Continental 34l Jompany - lueth Ho. 1 wall, ¥ENZ; eewn. 27,
Te l‘éé glg Ha plos) 1’?., wells mt}"q

Cors Study

Ledgepole formmtien (1) 4193

5193 - 25 iolomite, grayish orange winke (YR 7/2), erystalline,
spacharoidal.

Zakken formatlon 3155
5195 - 4205 Shale, medium gray (55) %o derk gray (83}, flesile.

Birdboar formetion (1) 4205
4205 « 06 Dolonite, greyish orangs [10¥T3 7/4), saasharscidal,
iy

Toungblood and Youngblsed « Laster Zelstrom No. 1 well,
SHLE9L see. 26, Tw 13% M., % 8% u,, Orent County.

iodgevnle Pormation

TR0 - 45 Limestone, llght gray {(57), dense to miorocryatalline;
shals (eavinge?), medium zray (H4), fissile, very
#lightly enlearsous: ninoy doleomite, sreenish gray

BEAS - T Limgstone, light gray, dense to mioreerystalline: chert,
white: sandstone, light browm (%72 £41), aquertz zraina
well rewnded, fine grained.

G570 - 85 Idmestons, very light gray (18}, denmse %o microerystal-
line, some fragmentsl; limastons, sedius light sray (%6},
denne.

Saklken formmtion 3585
5585 « 35 dhale, dark gray (¥4}, fiasile.

550% - 5620 Shale, blsek {#1}, fissile %o slaty with anhydrits inelu=
aiang; caloarecus; minor smount of ghale graenish gray
{38 &/1}.

Three Yorks formation 5620

5620 - 5 Limestena, light browmish gray (5¥1 §/1}, dense, frage
mental; silistone, very light gray (¥8), ealearsous;
rounded quariz gralims,.

2E28 ., a5 Iimestone, as abeve; allistons, greenish gray (%8 4/1,
#lightly ealearcous; dolomite, greenish gray; silistons,

e

pinkish grey W3 3/1), salesreous.

-



Yell Yo.

5650 - 80 iimegtens, light brown (5¥R £/43, solitie fﬁs@iiiﬁrm,

denge; limestorne, light prsy, Cfregrental end srystelline

22

201, imersde Petrolevm Corporetion - Herman Ney We. 1 well, WERMES
s8c. ¥y Te 139 May 8. 100 ¥, Billings County.

?&&g@mh formation v
10,340 « 465 Limestone, medium gray {¥%) 1o medium light gray (86},
demas, eryploeryatalline.

10,365 « 470 limestens, light gzray (37) %o medium gray, dense.

[

Sekken f@mﬁm 10,470
10,470 - 480 shale, dark grey (U5} to dlaek M1}, figeile to slaty,
giightly calearecus;y winar Eimsm, az above.

Three Forks formatien 10,480 '
0,480 - 490 Shale, dark greenish gray (33 «iji), figmile to platy:
miner sandstons, hrowmich grey [5YR 4/1), elighily
caloareous, very fine grained.

V10,550 - 200 ghale, as shoves dolomite, dusky yellow (5Y &/},

nlereerystalline,.
22 Sam G. Harrigon « J, H. Anderson, and others, lo. 1 well,

3332;‘.‘;’5:{4 gatse 21, T« lﬁ? Heg Re &ﬁ Yoo Ward County.

lodgapole formation
6880 - 4720 limestens, light gray (57} to medium light gray (N6,
fragmentel, dense, very Fine zrained.

6920 = 50 Limestons, medium grey {#3), argillececus, very fine
grainnd,

£050 - S0 Ilimestons, as sbove; limsetone, lizht gray, very fine
grained, densme, Fragmenial: srineid sdenms,

Sakken formation 4060 '
C AOBD - 20 Shale, blaeck (N1}, fismile, flsky, calomresus.

6980 - 90 3iltstons, light gray, ealesrsous, micacecus, rounded
grains: limestone, light gray, very fise grained,
000 - 000 3hale, blmek, fissile, Flaky, ealearsous.

Three Forks foematlon 7000
0 - 20 Dolomite, grayish orenge pink {10Y3 7/2 }, fine graiped.
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7O - 70 Uolomite, as asbove; brachioped shells; minor shale,
moderate reddish browm {107 4/6).

JO50 - 7O Tolosite, mederats crange pink (108 7/4}, Pine greined,
mierogunroaiy,

707G = 30 3hale, reddish drowm {130 3/4), calcsrsous, soft.

Fure Cil Cowmpany = J. M. Carr ¥o. 1 well, %gm, soc. 19,
Te 1‘“*& Bay He &6#’3 Foutar ng

Gore Siudy

Thie ioterval is llsted aw Englew

Jeclogionl Survey in a list of Sorsa fvail i&ﬁagrm

litﬁamgy mey ba& that of the Three Forks fomtim.

Thrae forks formation(?)
2700 - 96  Shale, pale red gray (3R 5/2), spotted light green,

2396 - 90 3hale, as ahm* with no sputs.
2%0¢ - 2408 Shale, as above, with light zreen spota.
2508 - 13 Shale, a# above, with red ferrvuginous danding.
2315 - 18 3hale, as above. |
{Zakken Tormstion not present
mlf 041 Compsny - Dorough Federal No. 1 well, 3B.88; ses. 25,
o B3 W, T, 108 9., dolden Yalley Jounty.

ledgepole fermation
10,400 = 500 limestone, wedluws gray (), dense.

Jakkan formation 10,499
10,300 - “?{3 Shale, derk gray (43}, fissile; limestone, lilght grey
- (X7}, densey pyrite,

Three Forka formatien 10,%2%

10,320 - 550 Limestone, medium light gray (H6), dense, cryptoe
eryatalline; dolomits, medium gray to yellowish zrey
(3% 8/1), denme, misrosucresic.

Jocony Vecuws Uil Compary, Inc. - Cu Dvoral Fe. I} well, 3895;
gsea. 4, Te 141 B., % 94 W, Dum County.



Jore (chipe) 3Jtudy
odgepolfs formation
9695 = 10,000 Limestone, mediwnp derk gray (N4}, dense.

10,000 - 010 Limestone, dark gray (34), dense.
10,010 = Q20 As sbove, very srgiliscesus.

Shaly Iimestone, dlack {¥1), Posmsiliferous {brachic~

10,020
pad and crinoid Fragments ).

3
3
g

1,027 - 028 Limsstone, bdrownish gray {B¥R 4/1), fragmental and
eryatalline, foesiliferous, dark greenish groy (52
© 4/1) msterial, probably gleusenite.

10,028 = 035 Limestone, light olive gray (5T 5/1), dense, pertly
erystaliine with scattered caloite cryetels.

Balkken formation 10,0%%

10,0%5 « 038 Bha.le, nodium ;ra;y (¥}, snd limeatone, light olive
gray (5Y 6/1); bedding ccours ms swell scale inter-
tenguing: limestone, fragmentel and recrystalline;

10,0%8 - 045 3hale, blsck (M1}, fiasile, abundant conodonts.

10,045 = 050 Shale, black, compact..

10,050 - 05% 3ilty limestone, mediue dark zrey, dense, srgillaceous.

12,053 - 0856 Siltstone, wedium gray, salcaregus, very fine grsined,
argillacecun.

10,056 « 058 dandstone, medium gray, very fine grained, caleareows.
10,058 - 071 3iltestone, medlwr light gray, sslecarecus.
10,071 « 07% 3hale, black, fissile, pyritic.

10,075 - 095 3iltstons, medium gray, compect, sility, very slightly
calcareons.

- Three Torks formation 10,08%

10,095 - 123 3iltetone, gresnish gray (50 &§/1), fissile, and dolow
wite, light olive gray (5Y §/1), silty. Interbedded
and small scale intertonguing, pyritic. Bedding uweuvally
varies from 1/8 to 1/2 ineh ia thiclkness.

10,123 » 132 3endstone, greyish oramge pink {5Y3 7/2) and shale,
grayish brom (5% 3/2), delomitic. Hinor shale,
gresenish gray, interbedded.
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316,

10,132 « 148 3hale, pele brown {TIR 5/2}, slightly caleareous,

10,148 « 151 Dolomite, pale ywllow brown (10YR 6/2) and shale,
gresnish gray, interbhedded,

10,151 = 180 As above, and shale, grayish brewn; siltstone,
grayish orange pink (5Y8 7/2).

10,16¢ = 164 3Shale, greenieh grey, and dolowite, pule yellow
: browit.

10,164 « 169 Shale, pale brewn, breccis of gresnish gray shale

10,169 = 176 As shove, with & brecsis of pale yellow brown dolomite.

10,176 = 180 Qalemiﬁé, light greenish gray (58 &/1), very fimely
. erystalline.

10,180 « 197 Dolomits, brownish gray (572 4/1), dense.
10,197 « 206 3iltatone, greenish gray, celeosrecus, white anhydrite.
10,208 « 24% 3ilistone, pale brown, omleareous, whita arhydrite.
10,253 « 249 3iltetone, greenish gray, salcarsous.
10,240 - 291 3iltstone, pele brown and greenish grey, celesrecus.
10,201 = 209 inhydrite, dusky drowm (5TR 2/2), minor amount of silte
stone, pale yellow brown; minor amount of limestons,
dusky brown.
Zirdhear formatiem 10,%00.
10,299 - 304 Dolomite, pals yellowish brown, dense; enhydrite,
crystalline, white and dusky brown. ‘
10,304 = 313 Limestone, brawnlsh gray, dense.
¥egtern Netural Ges Company - Traux Traer No. 1 well, Nuiswl
geg. 13, T, 132 H,, R, 102 %, Dowman Couniy.
lodgopole formation ‘
S200 - 9210  Limestone, medius gray (35}, micrcerystalline, very
fine grained.

921C = 9510  Limestons, light gray (X7) to medium dark gray (¥4},
' very fine grained, sicroerystalline.
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Balken Ffarmatiosn 770R

9E10 - &0 Limestonn, Srowalzh geay (970 4/1), very Zine grainped,

aiarocrystallingg amamm, Iight grey (H7); winer
smount of sandsteons, light >rowalsh gray, calesreeun,
ang&lar graim; Yery fine grained.

The Califernia Company ~ Jough Cresi Unlt Wo. 1 well, NWiNE}
#28. 15; Te 148 Hay R ‘5?& ¥y HeZanzle County.

Lodgapole forsation
11,175 « 130 lLinmestone, medium dark zray {}:{éﬁ)’ dense, arglllamceous.

11,180 « 195 Samples missing.

8,

11,18% » 200 limestone, mediuww 'k gray, dense, srgillaceous,

Baldten formetion 11,200,
11,200 = 20% Ssmples miasing.,

11,205 « 225 dhale, black (¥1)}, ﬂ“iige

Core Study .

11,225 - 228 Ssndstone, brownlsh grey {5YR 4/1), ealemrecus, rounded
grains, very fine greined, silty snd dolemitia,

11,228 « 2490 ﬂ* lmeam. brmmiah gray, eaiaarm. 7 4

11,249 ~ 258 Shnle, wedium gmy {15} to black, fisﬁile, calenrenus,

11,258 = 261 3hale, black, fissile, fossiliferocus (fish scales 7).

11,261 » 274  3hele, black, Tissile, Toseilifercus {conodonts).

11,274 « 285 3hale, ss above.

Three Yorks formation 11,288

11,288 » 292 limestens, dark grey (¥%), very Possiliferous (brachioe
pods ), megocrystalline to micerserystalline,

11,252 - 295 Interbedded dolomite and shale. Dolomite, medium gray

© {¥5), microerystaliine, leminae bdedding usually oecurving

in strasks and layers from 1/8 te 3/8 inch in thicimess;

shale greenish gray (56Y 4/1), calearecus, fissile,
laminae bedding asimilar te that of the dolomits.

e He Bunt « L. G Andevson No. 1 well, WWNE: see., 2%, T. 157
Fes e Ef»i 5’0, Huntrail ufﬁimtyn



7¢

Ledgepole Formation

383G - 4%

8545 - 75

8375 - 8405

Limestone, medium light gray (N6 to very light gray
(#8), dense, cryptocrystalline to microerystelline;
chert, light olive gray (5% &/1). '

mestone, ss above; chert, as above:; miacr amoumi
of shele, derk gray {(¥%) to black {W1), fissile.

Limestone and shale, as sbove; trsce of light ollve
gray shale, slightly silty: few shell fragments.

Bakken forsmtion 3405

8425 - 45

8445 - &5

Shale, bluck, flasile, very slightly salcarescua.

#iltstons, wedivm dark gray, calsarocus, sngular
graine, winor amount of rounded quartz grains; chert,
light olive gray (3Y¥ &/1).

Shele, blsek, fisaile, slightly celcaresus.

Thraoe Forks Pormstion 8465

455 - TO

2470 - 8540

8500 - 3635

andstone, light gray (¥7), cslcareous, fins grained;
rounded quartz graing, scatterad; siltsione, wedius
dark gray; m»inor amount of shale, greenish gray, Plssile.

Solomite, silty and argillacsousz, yellowish gray

{3Y 7/2), mierosucrosgicy alltstoms, light gray, calcere
eouss limestone, light olive gray, denge, microe
erystalliine.

Shalie and siltstone, light gray to dark gray, cslecarsous;
dolomite, as above,

Jolomits end dolomitic limestons, pale reddish brown
{108 5/4), mierosucrosic, very {ine grainsd; dolouite,
moderats orangs pink {JOR 7/4); siltstons, dark greenish
gray, calearecus, micecsous, argillacecus; shales, s
shova; trace of pyrite.

Dolomite and dolomitic limsetone, as akovey shale,
zrosnish gray, sslcareous; chert, white,

Shals, greenish gray, ss abovey limestone, dark reddish

“wrown (108 3/4}, argillseecus; silistone, greenish zray,

friable, salesrecus, scatiered rounded sumrds zraina.

Birdhear formetion 35880

8680 - 27CC

Limestone, reddish brown, and 1ight browm (5YR &/%),
fragmental, wiorcorystalline: chert.
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Jordon Butterfield - ‘wdolph Trawtwsn Xo. 1 well, BELLBEL asta
Ss Te 130 He, Re 68 ¥, 3tutsmen County.

Lodgepole formation
2950 - 80 Limestone, grayish orenge pink, dense; shalk, white,
8@? Him

990 - Limestone, light brownish gray (3YR 4‘1’1}, erystaliine,
eolitis, wubsuorcsic.

Bukkan formation 3030
3060 « 50  Limestone, se shove; wmuch shels, black to medium dark
gray, fissile.

3080 « 3100 Shale, as above; light gray shale.

Duperow formation 3100
3100 ~ 319C TDolomite, graylsh orange pink (SYR 7/2), suerosier
delomite, modermte orange pink (108 7/4), susrosie,

3190 ~ 3218  Limesitone, pinkigh gray (5¥2 8/1) and very pale arange
{1013 8/2), dence.

Coaroline Humt Trust Zslate -~ John Waltz, Jr., No. 1 well,
“ﬁﬁéﬁ?}z BBG. l,, T 1&& f‘!}g Ry ?6 Wgt’ Zheriden Cﬂmtﬁ'a

Lodgepale formation ,
£720 - %0 Limestone, light zray (N7) to medium gray (N5}, mieroe
erystalline, argillacecus.

4730 - 80 Shele, derk gray (33) to gray dlack (N2}, soft, fissiles
limentone, «s above.

4750 - B0 Limestone, light gray, f?gf;mm; nigroaryetalline;
minor shale, se above.

Bakken formation 4788
4780 - 4800  Shale, dark gray to gray black, fissile.

Three Porks formation 4800
4300 - 1D Limestone, 1ight gray, dense, very fine graimed; few
goattersd gquariz grainsy enhydrite, white.

5810 - 20 thals, moderate reddish urszge (108 4/4), soft sale
eerepue, lunpy: llzestons sc zbove,
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311 T
4820 W 30 Mslowmite, 1izht red (3R §/€}, Ciae grained, misrce
srzatalline; dnlamite, 1izht gray, fine graised,
wiarosryatalline,
706, Shell 01l Company - 3ifford Marchus Ne. 1 wall, SEISEL sees

763,

23, To 157 Hoy Ra 77 W, Plerce County.

lodgepole formation

289% - 2918  limestone, medsrate orangs plak {10R 7/4), denmse to
zieraerystalline; chert, pinklsh gray (5YR 8/1) amd
white.

2013 - 50 Hmostone, as above; limestone, grayish orsnge pink
{317 3/2), flue grained, srystalline, miorovuggulars
sherd, as above,

Jaklken Parsation 2050
2060 - 82 Shale, blsek (¥1), fissile, very slightly calearsous:
minor amownt of shale, zediuwm grey ()L

Three Porks forsalion 2082

2950 - 20 Dolomitic limeatons, brownish gray (3YR 4/1), erystale
line; limewtone, grayish orange gink {3¥8 7/2) ailte
atons, very mals arange (107TR 3/

Gmlim Hunt Trust Estate - Anton Novy No. 1 well, SEISEL ses.
14, T, 14h H,, Re 77 ¥., Jurleigh County.

hodgenole formation
4930 -~ 80 limostone, medium light gray (N6}, denss, mieroerystale
line, crineidel, scattsrad rounded guartg grains.

Sakhkexn farmation 4080
4980 « 95 Jhale, blaek {Hl): fissile to platy; shele, greenish

grey (58 4/1).

5695 = 5140 TDolomitic siltstons, grayish orange pink {S¥% 7/2)
shale, as shove,

BY40 « 49 - Oolomite and siltatone, as shove; shale, bHlask flasile
Lo Platy .

Three Forks formation 5149
5149 ~ 80 Dolomite, grayish orsnge pink; snhydrite, white.
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760,

795,

S0«

Calvert dxploration Company - Frad and Signa ‘right do. 1 well,

lodgepole Tormation _
4660 - 70 Iimestone, light gray (H7), very fine grained, micro-
srystalline.

4670 - 80 lizestons, ss above; shale, wedium dark grey (¥4)
to grsyish blask (N2), flssile, cavings 7).

4680 «~ 4760  iimestone, light gray (¥7), very fine grained, sicro=
orystelline; ninor shale, es above,

L760 » 4310  Limestons, ag sbove; anhydrite, white; =inor shals,
78 z‘bﬁ?ﬁ ». )

Sekkcen fermation 4815 ,
4810 - 40 Shale, bdlask {¥1), fiasile, winor limestone, ea sbove.

Three Forks formation 4842
4850 « 4000  Shile and limestons, as shove,

4900 - 30 Shale, moderate reddish brown {108 6/6), ealearecus;
siltstone, greenish gray.
Socony Vesuws Oil Company - Zolowon Birdbsar ¥o. 1 well,
$E¢H‘é§ aec. 22, . 12"? Hey He 31 Yuy Dumn Dounty.
Lodgepole Torpation
9950 - 60 limestons, sediunm gray (N5}, very fins grained, dense,
argilliaceous.

5060 « B Limestone, as above; Togsiliferous; limesione, wedium
gray, fractured, avhdrite, fills fractures.

9975 - &5 ghale, mediue gray (35}, fissile, ecalcareous.

985 - 30 Limestons, medium gray, very fise grained, dense, arglle
laceous.

Bakken formation 9990

9900 « 10,015 Shale, black (N1}, Pissile.

10,015 -~ 0% Siltatone, dolomitic, wedium light gray (36}, fine

10,030 - 0AQ Siltstone, as above, with pyrite streaks; shale, greene
’ ish gray (50y 6/1) streeks in siltatone.
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Well Neo.

395

1¢,080 - 045 51ltstons, dolomitie, mediwmn gray, fine grained.
10,085 = 060 3euples wissing,
10,080 » 085 3hale, black, fissile.

Three Foriks formetion 10,089 ,
10,085 « 090 Siltstone, light gray, caleareouns, delomitic, very

10,090 - 140 Dolomite, grayish orange pink (SYR 7/2), misresucrosies
shale, grayisk green (5C 5/2), interbedded with dolaew
mite,

 Lion ~ #allace Hall, end others, Fo. 1 well, ¥WjuW sec. 14,
T, 182 M., B 76 Y., Bottineau County .

Ledgepole formation
B70R - 35 Lizestone, medlum gray (36) to light gray (¥7), dense,
‘ mcreﬁr.{:&t&lliwg cherd, light grey.

37% - 40 Shale, mediwe gray (M6), fissile, ecavings (7); line~
steone, as shave,

2780 - 70 Limegtons, as sbove.

2770 - 98 Limestone, light gray (N8), dense, microorystalline;
shale, medium gray, fissile, cavings (7).

Bakken formation 3795
370% « 3801 ghale, medium grey %o dark grey (N3), fimsile.

Three Forks formetion 3801

2801 ~ 70 Shale, varicclored; greenish gray (58 6/1), brownish
gray {3YR 4/1), moderste reddiash brown (108 4/6)
pyrite; snhydrite, orystelline, white.

3870 « 95 Limestone, dark greenish gray, dense, cryptocrystalline;
linestons, light brownish gray, freguwenisl.
Bulf 0i) Compeny - 2. Flerre Federel No. 1 well, ¥ 5V ses.
28, T. 148 Fey Be 164 9., HoKenzie Coutty.
iedgevele formation
10,550 « 10,620 Ildmestone, medium light gray (3H7) to pedium derk
gray (¥4), very Iine grained to dense, {ragwental.

-




#ell

59,

Hos

Iekicen formation 19,810

10,820 = 643 shale, dlaek (H1), fissile %o platy, calcersocusy
limestons, 29 sbove; miner asount of light gray;
saloareous siltstone.

Three Perks formation 10,540

10,885 » 65C 3hale and limestone, as above; limestone, oolitioe,
dark gray (¥3), sclids in a light elive gray (57 6/1)
linontans, 7 *&mlg ;ryriw arystals; silistone,
light browniah gray {32 6/1).

10,650 ~ 630 Tolomite, pele hrown (SR 5/2), crystalline, ailty,
fine greined; shmle, limestens, and silstons, s

10,680 - 700 3iltatens, dolemitie, light gray {87); scattered

juartz graine, well rounded; interbedded ghale, light
green (50 7/4), and dolomite, brownisk gray (5TR 4/1);
siresiks of pyrite,

The Texas mgzw » Je ¥« Dopshue No. 1 wan, 3UINEL pes. 29,
Te }-ﬁé Hey Vgt 100 Ty Rlliaws Countye

lwdgepele foramblon
10,520 = 925 limestons, medlum dark gray {(34) to medium gray {ﬁi{s},
demgs, nigrogryatalline,

ma formation 10,525
12,025 « 240 Zhale, dleck {H1) to gzrayish black {¥2), fissile.

18,940 « 280 Shale, as above; siltstone, medium dark gzrey, very
salearoous.

Gore Study
Deptha adjueted Lo well log. _
10,980 - 986 Limestone, silty, mediwe dark gray, fosailiferous

{Brachiopods ).
10,986 » 11,010 3hale, blaeck, fissile, pyritie, Toseilifercus
{sonodenta ).

Thres Forks Pormefion 11,010

11,010 = 01% 3Sendstone, culorless, fipe grained, rounded guaris
grains, alightly calearecus, well cewmented; contalins
dark yellowish brows {10¥2 4/2) arglllaceous wsterisl,
slightly fluorescent {oil show),
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11,013 - 226 Dalomite and shale, interbedded, Jhalse, greenish

gray (30 6/1), fissile, pyritice, alightly caloarecus;
dalomite, browaiah zray {5YX 4/1), microerystalline,
laminee bedding: streelks and layere of dolomite
varying from 1/8 to 3/8 ineb in thickmess.

1069. Cerdinal Drilling Cowpeny - 3. 4. ¥sels? Ne. 1 well, Juimw

iodgenole formtion

BI8C - 7O

5170 - 5210
5210 - 20

5220 - 30
3230 - 40

Linestone, mediuws zray N5) 4o lisht gray (N7), nlarow
erystalline; shale, medium gray, cavings{?).

Shale, nedium dark gray (¥4} to derk gray (H3),
fimgile; shale, brownlsh gray (53 4/1), flesile;
limegtons, sz sbove; limestone, light gray, fragmental.
Limeatone, very light gray (N8} to light gray, frage
nental, denee, foseilifercus (brachiopods, erinsid
steus ).

Shale, sadium dark gray to dark gray, flssile.

3amples misaing.

Bakken formation 5240

5240 -~ 60

dhale, an above.

Three Forke formation 35260

5260 - 7
3270 ~ 80

5280 - 9300
5300 ~ 10
5510 - 40
5340 - 50

5550 = 60

Sandstone, light gray {(N€), calcerscus, very fine
grained, augulsr %o subrounded gralins.,

jandstone, light brown (371 &/4], calesrseus, angular,
vary fine grained.

Sendstone, ag above,

Saxples wlosing,

ghale, woderate reddish browmn (10R 4/6), platy: sande
stens, 1ight brown, ealcaresus, very fins grainmed,
anguler to gubangular.

Shale, moderate reddish brown {108 4/6), nlsty; shalas,
=odime derk grey (¥4}, flssile.

$hale, mediwn derk gray, fiasiie; silistome, pale olive
(10Y 6/2), micnceous.
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Zirdhesr formation 5370

5360 = 30

Limestone, light drown {374 &/5) 4o very llght gray
{Ze}, mieresusrasis 4o danse.

Limestorw, delsmite, light browm, migroecrystazlline

to denat.
1465, Auerads Petrsleus Corporstien « 0. Panek Treet 1, Xo. 2 well,

HWiNE; mec. 27, T. 130 ¥,, 2, 98 ¥,, MdeKenziv Ceuwmaty.

Core Jtudy

Bakcen Jormatian 10,737

10,798 - 801
10,801 - 803
10,805 - 805
10,806 - 808

10,808 - 818

Thala, hlsek (11}, Maeile, rorits strosks.
Shale, blaek, Pigslle, pyrits nodules.
Shale, a3 ghove.

mlgﬁ z7 above: m& dlasaminedad oyride; Posellim
Terous. ’

Jhala, ag abovo.

Thres Yorkes formasion 10,318

o
§

o
3

10,356

10,862 - 865

Jolonite, medlun gray (N5} to light greeuish gray
(53¢ 8/1), mieroorystailine, denae, pyritic.

Salomite, sa shove; subydrite, white (N9), crystale
iim.

Zore wizsing.

Intarbedded shale and dolamite, Shale, greenish grey:
dalomite, wedium grey, pyrite stiresks.

Holomite, pialkiad gray (573 8/1) snd mediun gray,
aparoerystallines minor shale, greonish gray.

Delomite, gresnish gray, dense, microerystalline.

1375, Ths Cexter Jampany = Le Le Johumon and Ellen Jelmson Ho. 1 well,
WW23%: seos 9, Te 129 ¥Wep, R 106 ¥,, 3Bowman County.

Ledgspols formation

7650 « =7

I i g

Jalosmite, limy, grayish erange pink {5TR 7/2}, srystale
line, subsusrosic; much chert, white: lipestons, pale
yellow brown (10YR §/2), eryetalline, very fine zrained.




Saklen formation 7657 '
TERT - 95 Shals, bleeck {¥1}, fizeile; shale, greenisgh gray (56
5/1), fiesile; siitstons, zreemish zray.

These Farks formation 7695 _ .
7695 = 7715 Dolemite, pale red (53 /2], arsstalline, subsuorosie;
7 amhydrite, wite.

7715 w 40 Selemite, as sbove; trase of shals, zreenish gray,
fissiles sllistone, greenish gray,.

3irdbeer formatien 7740
TTHO - 50 Dolomite, sale red, srystallins, very fine zreinsd;
dolomite, very pale orange {10¥R 5/2).

1620, Pan Amsrican - aymond Yedter Ho. 1 well, HB:8%: see, 27,
Te 139 Ney e 30 ¥o, Xorton Jummty.

Lodgepole forsmtion :
8500 ~ 45 limestone, 1ight gray (m7), srgillececus, mloroerystals
iine, abundent foszil fragments; pyrite: anbydrite,

L B Limestons, as sbove; trsmce of shale, blsak (¥1) %o
grayish blaek (X2}, fissile, slighitly calomreous,

8405 « 8500  limestone, medivm derk grey {4}, dense, mierccrysiale
line.

8500 =95 limegtone, very light spey (F8), dense.

Saldeen formation 3955
8H0% » 8620 Jbale, dlsok, fissile, calcarecus.

Three Forks formation 8620
BL20 « 25 3iltstons, medium light grey (¥6), smleareous; dolemite,
zresnish gray {%0Y &/1), danse; limestone, medimm gray.

225 - 55 Siltatone, wery light grey. alightly sslearesus; 3ili~
© stone, grayish orange simk (TR 7/2), calearecue.

3635 « 60 Shala, dark reddish brown {108 %/4), slaty: llwestoms,
light gray; silistone, as above.

Mpdboar Tormmtion 8800 ,

8300 ~ 10 Jolewite, grayish srange pink, subsucrosidg; dolomile,
moderate reddizh browa {103 34/6), subsucrosia:
anbiydrite, white,

-
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“G},}. N¥
1670, imerade fetraleus Jorvoraiion « J. Ue Nogen Trest 1, 0. 1
Sell, 28584, sec. 10, T. 15% ¥, 4, 96 4., deKenzie Jounty.
Core 3tudy

Zaldeen Tormation [lower a%:al& wait)

10,80% - 011 Shele, blaok {¥1), fissile, dlsssminated pyrite
erystals: fa#ﬁ%ii*&raua {comodonts, figh scales?).

Three Torks forsstion 10,011

10,011 - €14 Interbedded dolemite sand shele. Polowite, wrowaish
gray (YR 471}, mlercerystalline; chale, grwenish gray
(36 &/1), figgile, woxy, slightly calosracus, bedding:
1/8 te %/B ineh leyers and swall somls intertonmidng
disseninated nyrite crystale.

10,814 « 217 Dolomite and shale, as abﬁv¢g diarupted bedding
with migrofaalts,.

1,017 - 022 Iolowmite and shale, ss above.
10,022 - 247 Dolomite, as aboves shale, 2a above.
10,047 » 050 Dolomite and shale, as above, breecia, pyritia,

10,080 - 955 Dolemite, medium grey (5], aierocryetalline,

LEE

32 i fmarsde Petroleus CTorporation - 3ieate Ho. 1 well, HYIHY. see.

odgevole formetion '
830% » 6410 limestone, pinldieh gray (372 §/1) snd light grey {%";,
‘ frampental, sucresis to dense.

| 8h10 w25 Unestone, light gray to aadiue grey (5}, sucresic.
Cvery fine greinad, Tossiliferous.
£h75 o i Limeatons, very light zrey to white {0}, mky,
lithographicy limestoms, pinkish grsy (5¥2 /1), Prage
mental.

580 » 3300  Limsatone, pinkish gray, freageental, zlorevugzy, subs
' suLT ol oe

-




#ell Ho.

Inglewsad forwmation 6500

G500 « 15 timegtone, very dark rs& (30 2783, argillsceous;
limestone, dusky red (50 §fé’,‘, argillaceous; some
Iimsntone, shalky, %hiﬁe.

Sakken formation 6517
£515 - % shale, dark gray (§3) to dlack (1), Piseile.

Three Forls Forumation §545%
G580 - &% Zhale, us sbove; minor limestone, pale surple (3P §/2)
siltstons, light olive gray {57 &/1).

ASH5 w5 Shele, moderate reddish brown (108 4/8); limestens,
aa ahove.

£5%5 - £610  Shele, as above; varicelored shalse {light gra@ﬁ,
yellow, red, reddiash brown ).

6610 = 15 thele, ag abover sgndstone, vhite, zalcerecusz, rounded
guartes graiog, very fine grained.

8615 - 20 Limeatone, lizhi zrar %o plnkish zray, fragmental

sucresie; minor gilistens, llght grey.
30 2, Shell Uil Cempany - Stats of Zouth Dekota Ho. 1 or 3407 well,
3Y9B) smes P, Te 21 ., %. 4 5., Harding County.

lodgevole forzation

8O0 - TS Limestens, lizht gray (¥7) to medium grey {85}, denss:
@h&i’%; whita.

78S « 7000 Limsstone, as above.

Three Forks formstion T 7500

7000 - 07 Dolomite, bdrownish gray (7Y2 3/1}), zlauconitie, suocrosis,
Pragoental.

THT -~ 0% Dalomite, light olive gresy (5% 6/1), sucrosic.

7908 - 3% Gewoles misging.

TR - 58 dhale, moderate red {53 5/A4), saloaracus, Tissile.
55 - &5 Dolomite, moderate sramgs pink [1O% 771}, cosrsely

erystalline, sucresic; shals, ss shove.

TO7S - 308 Dolomite, grayish orsnge 2ink {108 8/2), sicrosrvatale
line,



3]

o 3. Hallar Zush - Yeismen ‘ﬁa. 1 owell, NEISWISEL sma. 30, Ta 7 He,
Re & Z,, lawrence Zounty
“adigon group

36"33.‘3 - B0 Limestons, moderste orange i“‘?’? a/l% to greyish arenge
pink (3Ya 7/2), sucrosie to fragmental, miorovugsy.

. Snglewsed Pormation 650 |
2630 - 55 311tstone, grayish ved purple (SRP 4/2), calearsous,
argillecesus; limestons, es above.

T ~ 8O Liwestone, grayish red purvle, silly, Tragmental;
glltatons, as abave.

2680 - 2700 Iiltstove, wedium gray (367, cnleerecus; llmestons
and silistons, aa ahove.

hitewsod dolomite 2700
2700 - 10 ﬁo;mm, =wr3r pale arange {10Y2 &/2) %o grayish oremge
pink (5¥% 7/2), wlorewaggy, suerosis, very fine grained.

% -

. Toungbleod and mngblwé; ~ Galvin Yo. 1 well, SE13%L ses. 25,
Te 16 Hes He 22 B4, Mwa@“ i"‘m«&y*

Ladgapolas formiion
4350 - 65 limestone, very light zray (58) %o pinkish grey {(BIR
8/1), fragwenisl, dense, susrosia.

4865 - 70 Limestone, light grey (N7}, sucresic, fragmentel:
minor limestene, as above.

Zsitken formetion 4870 »
LB - 30 3hale, blask {1}, fiseile, ssleareous; limeastone, aa
abova.,.

Tarse Torks formetien 4870

ABon - 5000 3iltstone, light brows {5¥R §/4)}, enlesreous; limestions,
light brown (5YR 6/4), fragmental, sucrosie; rare
oelitic limestens, light brown.

5000 - 55 31listons, woderats reddish brown (10R 4/6), wery
slightly celesrecus, argiilacsous; sxhydriie, vhite;
miner shale, pele rad (52t 8/2), cmlenrecus.

B85 - 70 limestone, grayish ersnge sdnk (3IR 7/2}, Lragwental
and suarosia,

7 | A



2811 Hoe
35 ;f‘o 4hall 743 «w&%ﬂ' = Taal Jo. 1 ”93.3,5 -3;»&4.1* Sag
He ifﬁ m‘-” ;Wkﬁnﬂ ‘emmtyi
odzeie Torsation o
AP0 - 55 Limestome, light gray {47) %o wedium gray {45,
denge, ucsrosiol ﬁms@m&s, %iﬁm rownish grey
{5Y2 £/1}; Pregmentel, mioreocrysisllins,
tmkken formation $4573
549% » 6537 3hale, medium dark gray (A to dark gray (4%},
fissiio, oalearevus,
thrse Yorks Pformetion §537
£EA7T - 8% shale, greenish gray (98 £/1), ealuarsous, siliy:
giltstons, brownish gray {3YR 671): shals, very
light zray (38},
aars Shis dtady
£54% o 4é Inale, dark reddialh bwown {108 34}, calsarecus,
siliy.
F55 - S8 Zolomte, grayish green [109% 3/%), ergillacesus.
S48 - BT anhydrite, smoderats pink (92 341,
8540 » 55 Anhydrite, sz above; shale, dark reddish brown {109
3/53, s1ltys seattersd quartz graiss, rounded.
£555 w TR Ankydrite, white; shels, greyish green ealoarscus.
Pype Jsotion
inglevond Tormetion
iest of Hitewond Ireek end ths Thicege, Surlington, and
suiney dallesy raeks, located in e rallout, approximetely
two miles southwest of Inglavgod, douth lakota, at AAREL aee.
:§§3 o # Hay He 3 Zep Lawrsnoe ﬁ@mgyc
Svariyicg wnit:  Tebssaps formstion of Jdseissinpion age.
Tolomite, yellowish zray, meesivs dedding {greater
shan & £4. ), selution weathared resuliing in a very
irregulay surfacs, vuzgy, Tossiliferous.
Hissplaalyrlan » Inglewsod Tormiisn : Thicknoan

UHIT 8. Limegtone, delenmitie, yellowlah grey, coniains
_ raddian wrown blstches or ironm stslna. 1 4. 2 it

-




il clwag
BT T Limestons, gragish red sursls, sottled
7ellowiah gray {31 /1), sedluy dedded. 6 2%, 3 ima
LT e limestons, grayiah red wvﬁa, waathors |
sederate reddish brown (109 378}, irregular
ar wavy bedding pisnes, thin bedded 5 P4, 2 in,
UXIT % Limesteme, pals rad purple (SRP &2}, thin |
hedded, centains thin shale seviiags
{ees then ons inoh in thickness), feaaiii«
fsrous ansar the uprer poviden of the unil. 5t © in.
WIT L. Intorbedded lizestone snd shale. Lisee.
stone greyish red surpls, and sbale, light
browniab gray, uwsually in layers less then
twa inshes thisk, 2 e 2 ine
FHIT B mmm, grayieh red Mpi@ {5ap 4/2) and
@zﬁ %armia% gmy s £ ::v'i 35 wﬂimﬁ
%ﬂ i %Mh-a }‘ 7L, O ine
EIP 2. Coversd, | 2 2%, 7 ime
UEIT l. Siltstone, yellowlsh grey 19Y 8/1) and
sedive grey {83}, compast, srglllacesus,
alightly salosrscus. 3 e Il ima
Total Thickunesn = 3"‘3 $4e B im,

Underiying wilds Svversd [aniveg forsation of Grdovician age).

Handerd Seforenge Jeotion
Inglewasd Tormation

szt gide ol Siteweod Jreok aleng the ‘Ma&ga, Horthwendern
Gailway 4rasiks across Trow the Jesdwoed pity dump xjm&mrﬁ e
lorth of U 3. Higbwsy 14 near {te junetion with U. 3. Highway
i M (EE: ses. 18y Te B Hay %o 3 Zu, Lewrence Jounty.

deasursd wpwerd Prow the top of the shitewood dolomito with
8 3ix Joet abwel tape, mand level, and Trunien compass.

yariping watts Fehesave Tormetion of ﬁaaﬁ.n&pﬁm ALH .
1T 14, felomile, yollowish gray, weathors Yo 3 very tals orange

{1073 &/2 1, messive to zedius hedded, soluiion weatherasd,
TEEy, seeshareidal, Tossiliferous.

-




¥ississipplan - Znglewood Tarmatien

WEIT 15,

LT 13,

HIT 12,

URIT 11,

ORIT 10.

URIT

usIT

&

8.

ah

timestone, dolowitic, yellowish gray (BT 7/2),
with pale red purple mottling, weathers
yellow gray (5Y 8/1), medium bedded. 5 Pt

Limestone, pale red purple, with pale
reddish hrown {108 5/4) lawinse, thinp
bedded. 8 f£4.

Limegtons, pale red purnle, yellow gray

(57 7/2} mottling which wsathers pale olive

(10Y 6/2) end dusky yollow (57 £/4), contains

celoite zeodes, wedium hedded. A ft.

Linmestone, pale red puwrple (SRP &/2) with
pele reddish brown lanminae, bedding sedium
(1 to 3 Ft.), contains caleite geades. b P,

Interbedded shale and limestons. 3Shale,

graylash green, fissile; limestone, grayish

red purple, Plaggy bedding (4 to 3 inchas

in thiokness ). 2 f't.

Shale, grayish green (100Y 5/2), fissile. 0 .
Limestons, grayish red purple (%8P 4/2),

lamings bedding {less than 1 inech), srgile

lacecus, shaly in part. 2 L.

Limestone, greyish purple (5P &/2), light
brown (5 I8 6/4) streaks, srgillaceous, denss,

platy to flaggy (3/8 to 3 inches in thiclnwas). 1 ft.
Covered. : 4 Pe,
bale, mediwn gray (H3), shaly, silty. 19 ft.

' ghale, greenish black {350 2/1), shaly, silty. 0 £,

Covered. g Pt

Shale, dark gray (¥3], shaly to fiseils,

silty. v 1 %,
shale, grayish srenge (107 7743, aoft, shaly

{1/8 %o 3/8 inch in thiclmess), slightly

calearsous, silty. ’ _ 0 ft.

Total Thicimess = 57 ft.

Thisknoss

§ in.

5 in,

7 in.

7 in.

16 in.

8 in.
2 ine
2 in.
11 in.

17 in.

4 in.

10 in.

7 ine




@

msiari«rmg it hltewosd dolowite of Irdavielan aga.

lelesiie, anle yellowish bresa (1072 £/2) with
dark rellowiah erenge {1090 &f'ff inolusiona,
mamra%éaz, wuggy (1 to 2 wa), conbtaive caleite
srystales, weatbhers to & rather smooth surface
ukigh ig soversd by an ocecnsisonl nobdy surface
wxburs, ssaslvely bedded {grester than & f6. 0

Bailont Seetion Ha. 1 2% gi—iﬁ&ﬁé sute %3, T 5 Bep B 3% Ly
Lemrants Ol

Hissinalzpian - Inglevend formetion

v &
g iy e

it %,

S A 2
TRIT 2.

RIT 1.

Urderiviag wnit: Tesdusod formetien of Casbrisn ape, sontast

, Thickness

Limswions, pravish arange wisk, baily

wagtheared. puer pordian of ihe wnild

aroded ofls & o O iBe
Linestons, gmﬁm erange siok {5Y0 /25,

thin bedded 31 o & 1%&;3 B Phe T Lithe
Linegtons, pale red rurole, durk wﬁs&iah

brovn saneretions, thin hedded (2 Yo &

inches ), snlalts gecdey. 1 8%, O in,

timastone, yals red surple (8P 4/2) with
pele reddish brown {107 %/3) Blotohes or Lren
staing, thin to sediun bedded {12 4o & £4, in

thialmsn . ; 5 Pte
“‘”‘at&i Ticknase = 13 Pt

asvereds

inllout Jacticm Fo. 2 2t 3’35”%&?5:1} L %33 To % oy e % Zay
lavvenss (onty.

Hlssiasispion - dnglewopd feruation

JHIT 2

Lissgtons, pals ved parpnle [07 572, madly
sweatharad, upper portion ' the wnit oreded
offs _ 1 .

nderliying wnlls  danipeg Torwetion of Ordovician ags.

Shnls, dark greepish gray (35 41, flesile %o

M?: HONE y TUBEY. 10 £,

Fd

P
3

in.




A 1.

%

Shell 01l Jompany = 45-224 Unit well, ¥Ei88%F see. 22, T.
11 Wy He 37 2., ¥ibaux County.

ledgevols formation

8520 = 30 Limestone, light grey (H7), dense and crystalline;
limepbone, medium gray (%5) demee; avhydrite whits.

3akken formation (7) 833C .
8530 « 33 Limestons, as above; shale, blask (M1, fissile,
szloaracus.

8525 o« 45 - Limegtone, pinkish gray (572 8/1) erystalline; sa
a.mien

Mlurien (1)
8345 ~ 85  Limeatone, pinkish gray, erystellinsg limestene,
light brownish grey, crystalline.




MONTANA

MARGINAL SHELF

BOUNDARY OF THE CENTRAL AREA
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BAKKEN FORMATION

ISOPACH CONTOUR LINE OF THE
ENGLEWOOD FORMATION

WYOMING

SCALE

o) 6 12 18 24 30 MILES
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INFERRED CONTOUR LINE
CONTROL WELL

CONTOUR INTERVAL 10 FEET

ISOPACH MAP OF THE BAKKEN AND ENGLEWOOD FORMATIONS IN

NORTHWESTERN SOUTH DAKOTA, NORTHEASTERN MONTANA, AND NORTH DAKOTA
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895 1069
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