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CURRENT SURVEY ACTIVITIES--

Current Survey studies will require varying amounts of time fo
complete. Most of the county groundwater studies already underway should
be finished in approximately five years. Coal evaluation studies are
ongoing and may continue Indefinitely, depending on funding and staff
resources. Studles on suriace mine reclamation procedures now underway
will require several years to finish; we may go Into greater detall on
these studies.

This coming summer fleld season, Survey geologists expect to continue
thelr geologic studies In several areas. We will contlinue our cooperative
(with the State Water Commission and the U.S. Geologlicai Survey) studies
of the geology and groundwater resources of the state. Ken Harris expects
to map Bottineau County. He Is also drililng testholes in the glacial
sediments In various parts of the state as he continues his work on the
glacial stratigraphy of North Dakota. Alan Kehew may map parts of Ward
and Renville Counties as well as study the geology of the Minot urban area
in detall. John Bluemle plans to fleid check parts of Ransom, Sargent,
McHenry, and Sheridan Countles this summer with the expectation of
completing reports on these areas next winter.

We expect to continue our evaluation of existing sanitary landfilis
for the State Health Department and, depending on the avallablitlty of
federal funding and time, we plan to begin a study of plts, ponds, and
lagoons, also Tn cooperation with the State Health Department. Alan Kehew
attended a three-cay geophysical tralning session In Baraboo, Wisconsin,
In May to learn more about operating a new earth resistivity meter being
purchased for the NDGS by the Division of Solld Waste Management of the
State Health Depariment. Aian wlil use the instrument In hls investigation
of waste disposal sites. Earth resistivity Is a method of Investigating

subsurface materials. An electrical current is passed +hrough the ground
by means of electrodes. By measuring the voltage across two other
electrodes, the resistivity (resistance 4o current flow) of the materials
can be determined. |In areas where some additional geologic Information
is avallable, the methocd can be quite useful to fitl In gaps between
existing drill hoies. The method can also be used to detect contaminated
groundwater, which usually has a lower resistivity than does the
uncontaminated groundwater in an aquifer.

Our evaluation of lignite resources, conducted by Kelly Carlson with
t+he cooperation of the U.S. Geological Survey, will continue In several
counties, although approximately two-thirds of 1+ will probably be
concentrated In Burke and MclLean counties.

We wlll begin compiling the Quaternary geology of the state at a
I:1,000,000-scale as part of the new U.S. Geological Survey Quaternary
Map of the United States. Thls work !s being done by Lee Clayton of the
UND Geology Department, and by Alan Kehew, Ken Harris, and John Bluemle
of +he NDGS. We hope to have the first sheet, which Includes the largest
portion of glaclated North Dakota, compiled by the end of the year.
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For the past several years, Gerald Groenswold has been conducting
studles related +o lignite mining, reciamation of spolis, etc. A grant
for up Yo ten vesrs from the Falkirk Mining Company will enable us to
study groundwater recharge through recialmad spoiis. Another study, the
second phase of a study of the Falkirk aree deailng w!+h the effects of
strip mining on groundwater supplies, will begin on July | and tast through
1981, The +!nai report on *the first phase of this study is nearing
compietion. A U.S. Bureau of Mines-funded project designed to determine
the causes of instabllity in strip-mine spolis will be expanded from the
existing site at the Indlan Head Mine to inciude a test site at the Center
Mine.

As coal min'ng increasas, reclamation permitting activity will also
Increase. Although we are responsible only for permitting of coal
explorarion and not for reclamation activities, which are regulated by the
Public Service Commission, conslderable geologlcal Inpuf will be requlired
of the Survey by the Commission. in addltion, increased exploration for
other subsurface minerals wil! Increase the Survey's activities
correspondingty. The NDGS Is responsible for the reclamation of fands
mined for subsurface minerals other +han coal.

Erling Brostuen continues hls dutles as Asslstant to the State
Geologlist, handling much of the Survey's Involvement with federal and
other state agsncies as well as representing the NDGS at Industrial
Commission hearings and at Netural Resources Council meetings. Erling
responds to many of the ernvironmental lImpact statements that the Survey
receives. He expects to spend several weeks in the field this summer
investigating the uranium potential in western North Dakota.

Sid Anderson has co-authored several papers that will be presented
later this summer in Bitiings at the Willliston Basin Symposium. One
dealing with tha gsology of the Glenburn Oil Fleld Is co~authored with

and wiil be presented by Lee Gerhard; another, on the Carrington shale,
wlil be preseniad by Peter Bjorile (cee the article in this Newsletter
about recent UND geology theses). These reports will be published In the

1978 Mortana Geological Sociefy Guldebook. Sid is also finishing a paper
on North Dakota and Montana potash potential, which wiil be published
by the AIME in a special issue devoted to potash.

NEW PUBLICATIONS==

The last Newsletter 1n which | !isted recent NDGS publications was a
year ago. Since then we have published several more reports.

Three groundwater resources studies were pubiished. These reports
deal wi+h Cavaiier and Pembina Countles (Part I1I, Bulletin 62); Grlggs
and Steele Countles (Part |11, Builetin 64); and Emmons Ccunty (Part 111,
Bulletin 66). The reports describe the general avallability of groundwater
and provide Information on quantity and quallty with an emphasis on the
major aquifers. Aquifer discussions Include lithologlc descriptions and
areal extent. They also Include Information on present groundwater use.
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Groundwater baslic data reports were published for Dickey and LaMoure
Countles (Part 11, Bulietin 70) and Morton County (Part I1, Bulletin 72).
These reports include geolcglc and hydrologlic data, water level measurements,
lithologic and geophysical logs, chemical analyses, and particle-size
analyses.

Report of lInvestigatlons 59, entitled "The Slope (Paleocene) and
Bullion Creek (Paleocene) Formations of North Dakota," was written by
Lee Clayton, C. G. Carison, Walfer L. Moore, Gerald H. Groenewold, F. D.
Holland, Jr., and Stephen R. Moran. The authors dlscuss the problems
Involved in correlating the Ludlow and Tongue River Formations between
North Dakota and adjacent areas. The report Introduces and deflines two
new formation names, the Slope Formation and the Bul | fon Creek Formation.
The Slope Formation (Paleocene) consists of strata that have been
considered to be the upper part of the Ludlow Formation or part of the
Tongue River Formation. The Bullion Creek Formation (Paleocene) consists
of strata that have been consldered to be equivalent to either the entire
Tongue River Formation or to the lower, middle, or upper part of the Tongue
River Formation.

Report of Investigations 63, entitled "Geologlc, Hydrologic, and
Geochemical Concepts and Techniques in Overburden Characterization for
Mined-Land Reclamation," was written by Stephen R. Moran, Gerald H.
Groenewold, and John A. Cherry. The authors discuss the distribution
of geologic materials; some of the geochemical properties of these
materials; groundwater-flow patterns; and chemlstry of groundwater at
five existing or proposed coal mine sites in west-central North Dakota.
The data have been used to Identify the factors that control the
distribution of salinity in soll and water in the overburden. These
factors have an important Influence on soll development and plant growth
and, thus, wide application design.

The Offlclal Oil Production Statistics and Engineering Data for the
Second Half of 1976 was published in July, 1977. This report contains
the oil and water production by Indlvidual wells as well as other
pertinent information.

Finally, the revised Rules and Reguiations for the Conservation of
Crude O!l and Natural! Gas have been printed and are now avallable. These
revised rules and regulations, recently adopted by the Industrial
Commission, Incorporate a number of changes, amendments, and additions.

UNPUBLISHED INFORMATION~~

Often, research of various types done by Survey geologists Is, for
one reason or another, not formaily published. Some of this Information
will eventuaily be published, but, in other cases, 1t may represent the
results of short-term projects that are not noteworthy enough or of
sufficient general Interest to warrant the expense of publlication.

These unpubl ished materlals may consist simply of a Iisting of data
of some kind or they may have been compiled into a formal Open-File report,
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Our Open-Flle Reports are listed In the NDGS List of Publicatlons and they
differ {1i+tie from cur recu ar publlcations asxcept *that, in our Judgment,
the potentia! readership is so fimited That we decided not to go The
excenze of publishirg Them. We currentiy ils? three formal Open File

Reports:

OF -1 EFO“ndw“fSF Pol i 1on Hazard Near Sanifary Landfilis on
ed Plalns, N)« h Dakota--i study of the iangdon, North
Dakots san'sd./ iandfill, by 8. Michae! Arndt. 1977

OF-76-859 Preliminary Report on 1975 Drilling of Lignites In
Wasiern Nor+h Dakota: Adams. Bowman, Dunn, Hettinger, Mclean,
Merceor, Otiiver, Slope, and Wiiliams Countles. 1977

OF-77-357 Preiiminary Report of 1976 Dritllag of Lignites In
Weotzrn Nomtsy Dakotar  Aaams, Biilings, bDunn, Hettinger, McKenzle,
Mercer, Morton, Cliver, Siope, and Stari Cotintles. 1978

The impor+ant thing to remembeir Is that, w!th rare exceptions, the
information contained {n any unpun!ished materiais Is avallable In some
form for Inspection by anyons, We are aitempting to somehow collect In
one piace or at least catalog as much of This Information as possible
so I+ will bs more aczessinvie To users, it may be possible to make
photocepies of the information and previde i1 by mail for the cost of
copying. Sometimes thouch, de r@rufng on the contents of the report--
large, rand-cororsd maps Tor examsiz--conying ts Impracticai. in these
cases, tne materials may be examang; n our offlicos.

To give a bettar !dea of the type of unpublished information we
have in onr files, here is a partial listing of reports, studles, maps,
etc., that | found du-ing 2 qiick survey. Some ot these are the result
of recearch by Survoy groiogists, Others were submiited to the Survey
by geoicgists not with ihe Survey; still otheirs are by geoiogis®s who
were once with ihe Suirvey:

I. Report on oll found In a water well near Neche, North Dakota.

2. Geology of the Minto, North Dakota, area.

3. Map showing the thickness of the formations overlylng the
Pilerre Formation in North Dakota.

4, VMap showing the structure of the top of the Plerre Formation
in Noith Dakota,

5. Geology of several state parks.
6. Geolcqgy and roadiogs of the International Peace Garden.
7. Assorted geologic roadlogs along various North Dakota highways.

8. Data on the thickness of glacial sediment in various parts of
North Dakota.
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9. Fortran !V Program to Sort and List the N-Numbered Data Set; a
Manuicript that includec a descripiion of the program function, a
isting of +he programs, a discussion of Input parameters and forms,
and operating instructions, by Ken Harris.

10. Geology of Adams and Bowman Counties, North Dakota.

Il. Geology of Sheridan County, North Dakota.

2. Geology of Dickey and LaMoure Counties, North Dakota.

3. Geoiogy of Ransom and Sargent Counties, North Dakota.

14, Geology of Ramsey County, North Dakota.

5. Precambrian Rocks of North Dakota, by E. G. Lidiak.

16. Alfalfa and the occurrence of fissures in North Dakota.

17. Surface study of the Pierre Formation of North Dakota, by
Joha R. Bergstrom and Everett E. Wilson.

18. Resu!ts of Gynsum-Dolomite Exploratory Drilling Project,
Peimuina County, Nortn Dakota.

19. History of the Nerth Dakota Geological Survey, by C. B.
Foisom.,

These studies are in all stages of completion. Some of them will

eventualiy be completed and published while others will never progress
beyond their present status.

RECENT UND THESES IN GEOLOGY=--

In +ha first Newslelter, published in February, 1974, | included a
list of genlogy-related theses prepared by University of Morth Dakota
graduate students, and in +his Newsletter | will include a selected Iisting

of theses prepared since that time:

Frank P. Caramanica, 1973 (Fh.D) Ordoviclan corals of the Williston
Basin periphery.

C. W. Cook, 1974 (M,S,) A mechanical well log study of the Poplar
Inferval of the Mississippian Madison Formation In North Dakota.

Bruce L. Ramsey, 1974 (M.S.) The physical and petrographic character-
istics of formcoke produced experimentally from lignite and subbitu-
minous coal.

Ronald E. Richardson, 1975 (M.S.) Petrography of the Precambrian lron
Formation, Pembina County, North Dakota.

James C. Grenda, 1977 (Ph.D.) Paleozoology of cores from the Tyler
Formation (Pennsylvanian) in North Dakota.



Petar F, Risrlie, 1978 (M.S.) Stratigraphy and depositiona! setting
of +ha Car-incren shere faclias (Misslssinplan) of the Wiitiston basin,

W. Kion Sacrotl, 1273 {M.S.) Dancel+lonal and paragenetic controls on

porusity develcpmant, Upper Red River Fornmation, North Dakota.

C‘

o]
L

The Titles tisted ; contair vaiuable Information of speclal
Infervss o soms of our roaters. Mester's theses (M.S.) are avaiiable for
loan ¥rom: inferiibracy Lecan Depariment, Chesier Fritz Library, University
of Noith Dakota, Grand Forks, ND 58202. Ph.D. dissertations pre-1966 are
availabie for loan firom +he same address. Dissertations from 1966 1o the
present are available from: UniversiTty Microfilm, Dissertation Copies,
P.0. Box (764. Ann Arbor, Michigan 46106, Also, In mos? 'nstances, the
theses or dissertaticns may be copied for a fee. The above I1sting of
theses is incompiete; it coes not include tities dealing with Tertiary or
Quaterna:y geoiogy, vor exampie, or with The geology of areas outslde of
North Dakota even though a number of theses and ilssertations have been
written on these topics. I[f you want a compleie |tsting of theses, or
more Inforinatlon on fthose | have listed, let me know.

e mnaYy
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c
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The abstracts for fwo theses completed just this spring are reprinted
below:

Pctetrr F. Rjortiae: Strutlaraphy and depositional setting of the
Carrington shaie facles {(Missiceipplan) of the Williston basin

ABSTRACT

The Carrincicn shaie facles is a radioactive illitic lagoonal shale,
apparen™iy dcpositod benhind lime mudstone banks (Waulsortian bioherms),
aiong the sasrtern margin of the Wiiliston basin during Early Mississippian
Tim"};

The Sazitlon subinterval, which Is the basal subunit of the Bottineau
Intervai of Tha Mzgison Formation in North Dakota, Is divisible into six
lithoivcg c fasies, cne of which Is the Carrington shale facies. West of
the shaie taciss, on The basin-shelf hinge line, is the |lme mudstone
facles. BRasip.zrd of this facios is The Interbedded shale~|imestone
facies. Stratigraphicaily above the latter fwo facies is the sand-silt-
shale facies. Overiying a portion of this facies and the Carrington shale
facies !s the crinoid packstone-grainstone facles. Overlying the
remaining portion of the sand-silt-shale facles Is the wacke-packstone
facles.

Following a period of erosion during the latest Devonlan-earliest
Mississipplan time, Waulscrtlian mounds formed along the baslin-shelf hinge
line. 7hese mounds and associated sediments (lime mudstone facies) created
a barrier which allowad the deposition of the Carrington shele facies in a
restricted environment. The source of the shale was the weathered
Precambrian shield 1o the east. The sand-silt-shale facies was deposited
on the basin slope during the deposition of the Carrington shale facles.
After the depositlion of these two clastic facles, carbonate deposition
occurred on the basin shelf and slope in the form of the crinold packstone-
grainstone and wacke-packstone facies, respectively.
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‘e petroloum *rops exist where:  The Cairington shaie facles
ctosvial iy Truneaood Dovonian stitata, abrupt faszles chunges
ocrur witiin *ha Scatlion esbinterval, and aiong the pre-Mesozoic subcrop
of tha Sealiles. Conglions neccswary vor the concentration of uranium
beneath or within The Carrington chale facies may have occurred after the
deposition of the snale Tacies.

Possih
ovariins of

we ify

Kipp V. Carrsll: Depositional and paragenetic controls on porosity
deveiopment, Upper Red River Formation, North Dakota.

ABSTRACT

Tha upper Rad River Formation In North Dakota comprlses a subtidal/
Interticai facies overiain by thrze evaborltic sequences cf four lithologic
uniTe such, fateiad "P,Y MR, and YFY In stratigrepnic orcer. Four
porcsity zonas ace rocognized In the uvuper Red River: +the subtidal/

Intnrs col focies foras Ona norosity zone, and each eveporitic sequence
coniales: ansthor, Foch unit In a sequance, os well as the sequence itself,
Is thinaer aud iess widespread Than 11s preceding counterpart. All strata
are letoratly continious across the main part of the Witliston basin In
North Dulvba, out, the peroslty zones eventually dlsappear to the east as
they suprorch o bawin margin. Porosity within any glven zone varies
from oi'a part of She basia o ancther, often within relatively short
distarcos,

The DY paroslty zone consists of two primary lithologic facies: a
shaiicw subiloal burrowsd mudstons and skeletal wackestone, and an
im>armoable, oftsn laninated, black organic skeleta! wackestone and
packsyoinn desositisd in an intertidal or sucratidai barred pond environment.
o3l in Feo sustioal burrowed facies s due to syncapositional
goionimiczrion ead ladter caiclte solution and microfracturing. Maximum

oras iy varies re'edad to deofomitizetion and calcite dissolutlon occur
i
|

In the burrowed rorizons imnediately above the impermeabie organic units,
wh'coh a~ra6 ec harrlers to interstitial fluld movement. Poor development
of the o danis un.ts near the center of the basin perhaps accounts for
sporadic posozivy daveicpment in that area.

i
ot
I
<

Ths basal unit of each of The sequences overlying the "D" zone
consizts cf open-shelf bioturbated skeletal wackestone of characteris-
ticaliy !‘ow porosity. Porous, flne-gralned, primary supratidal dolomite

overliss the subtidal facles, and these unlts form the "C," ", " and "A"
porosity zones. A very thin arglllaceous marker bed of non-calcareous
shale completes each sequence.

Porosity In the supratidal dolomite stems from intercrystalline volds
and pirpoint porosivy dus 1o soluvtion, Pornslity In the upper three zones
varles i~=oss The hosin @ad is dirsctiv reiated to degirce of exposure of
the sec wmsnt in The supraiidal environment, during which doiromitization
OCCUrT ¢a.
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H!STORICAL NCTEZS ABOUT THE SURVEY--

- C. B. Foizom provided tae foilowing Items of hi storical Inferest that
took pizce 25, 50, end 75 years agol

25 vears ago: The i933 Legisiature granted a requesf from the Survey

for $20,000 for cunstruction of a stoel rro*""e ouxldiqg In wha»h to store

the cores and zanpias (rom wea !
Oll aru CGus Conservation siatute.
Survey'ls aporopriation to §$:155,000
the addi“ional cuties a><I-uu 7O
State Geoloyist to Increase hls s

The qi:fufure also uncreased The

+he following blenntum fo reflect
i noer +he new law. This allowed the

+aff from & to 15 people.

Rl 11 and Bas Conservation Law to
conform ~o a pnra 2 el Act of the i0CC. They
adonted o1 i but dre speclal provigion for stoiutory unitization. The new
act inoiuged Mirketw uemfn' Proration. C. 3. Fo!som, from the New Mexico
Schaol of Mines, was Aty winted Chief Patroicum Lngfreﬁr for the Survey In
Saptembar, 1603, He mn>d!afeov started to update the ruies to reflect
the new faw. A5 might be expected, the now rules reflected the rules in
efiecl 'n New Maxico to a great extent. txceptions weite To be found in
the Froqotton fdlocstion Fermuta which inciuded a factor for spacling and

iature had revisad the O
v iv* yarsion of The Mod

d:'

& or & Temporary Spacing in a new pooi which would allow
Lot roservole dota betore esteblishing a "proper" spacing.

ars zes: Due to tha lack of funds, the only work carried out
+ho inzpection of artasian we.i%, This work was done with
ad to *he State Water Geoiogist, Howard E. Simpsen. Professor
rad in This work by Robert E. Simpson and Herbert H. Sand.

in 1923 w
funds a:is
Stmpsonr wa

with tha 1903-04 fiscal year, the Legislature
iation to $1,000 per year and this remalned

o
RO
]
U
o)
QA
O
bt
-tr
[h)
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irrigaticn studies continued with stucdles on using lignite as a fuel
to run punns. Professor E. J. Babeock had previously demonstrated that a
gaseous tuel couid be derived from the coal.

During the fleid scason, Dr. Frank Wltder ted a party from the Montana
state |ins +o the mouth of +he Littie Missouri Rlver and downstream from
there o t+he mouth of the Cannonball River, using small boats. He
followed +the Cannonball, by wagon, upstream to its forks at Wade and then
along Cecar Cresx to the Standing Rock indian Reservation. On the return
trip, the party made observations along the Upper Heart River.

e ~iose of the fieid season, Dr. Wilder announced that he wou ld
be teev:ng the syate ond w3s rasigning hls post as State Geologist. Dr.
A. G. 1=unerc was named to the vacant offlce and assumed his new dutles
with +he baginning of the new school year. Arthur Gray Lecnard came to
the University from the lowa Geoiogica! Survey.

0@

w
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ACTIVITIES CF THE MDGS ENGINEERING DIiVIS{CN-=

Tha regulutory functicrs of cur Englinesring Division can be expescted
to cortinie at vn acteloratsd pass wifh Tnereasad oii, gas, and coal
exploration and oroduction, and ha inauguraiion of uranium and possibly
potash mining (fiease refer fo fliguie i).

Figure 1. Minerals Statistics

YEAR

1975 :1976 {1977

O
~J
FN

197011971 107211673 |

OIL & GAS CASES REARD/INDUSTRIAL
COMM 55 ;I 330 451 417 60 51 82 105} 108

PERM.TS {SSUED FOR:

OIL/GAS ’ 705 1340 103 1291 174} 264 246; 356*
COAL 46 33: 76
PCTAGH 3 0
URAN UM 10 5
OlL & GAS WELLS COMPLETED 1341 15§ 90% 117 153} 202 25! | 340%

NUMPER CF FLEST TRLULLED/

CiL 27808 (1000 3) 8771 979 €061 81411391348 11802 (2720%
COAL TESTHOLZS LRILLED 4613 i2319 i4800*

TEST KOLES FOR OTHER SUBSURFACE

MINERALS:
PGTASH ; 3 0
URANTUM : 9l 620*

* - Estimated




Numerous revisions tc the ofi and gas corservation rules, preposed

by the Survey mnd aprtoved py the industriad Commission, became eftective

Accll 4, 1278, ths Survev s curvearly Fovicwing the regulations

resardine The exvicialtion, deveicomort, and roduction of subsurface

minera's, and we uwili probubly be pronosing revisions and addl+ions to the
1

°
ar Tihis ysa, Of particular concern to us Is the

zohine of uranivm., At The request of the Leglis-
1 d

Indusiriail Sommission i

reguiation of in situ i g

lative Councll, we nave orapared o draft bill for a proposed measure to
reguiate the underground storage &nd re=rieval of materiais and the
termina!l dispcsai of wastes 'nclucing spent nuclear fue!. The ultimate
fate of the dreft will not bz known for some time as The North Dakota
Legistature will not be In session until January, 1979.

OlL EXPLORATION, PRODUCTICN, ANC YALUATION=-

A Fotal of 105.wildcat ofl weils were drilled in North Daketa during
1977. Of these, 29 oroavced »i! and 77 were dry for a success ratio of
27.4 percent. ho gag wells were conpieied. The average depth for all
expicratory wells was 9,318 voet, The 27.4 percent successful ratlo for
oi) wali completions was highei than Fhat for any other state. We also
have a new Jdeptn resord, 15,380 fcet for foe Gulf Oil-i=-3-4A Zabolotny
In +ha Lift:e Knife Fieid in Bilitngs County (MWISWE3-i44-08), At iast
report di1illsg was sTlii unosrway. The Lit+ie wnife Field in Dunn,

-y

y i
Siliinas Gounties is in the deve
i a

s are beaing driiled. The tleld

i

opment process anc
5 timivs are not yet

t :

1 Mondak Fleld, orn the Norih Dakota~dontana state fine In
west central McKenzie Counvy, and the Charison Fieid In northeastern
McKentiz!s Couaty aiso have the potential 1o significantly aftect total
crude ¢!l profuction in North Ozkota, An Important discovery by Shell
0il Compeny of an oil pool in the Dealwood Formation, In Renviiie County,
has spurred inrterest in vhe deeper hot i zons across the staTe.

definza.

A tota) of 16 new oi! pcols were discovered during 1277 and 7 new
pools have alr=zady been Giscovered in 1973.

Figure 2
1970 tarough ! .
to a low oF 4.5 mitiion barrels in 1974, Aithough eight new oil pools
were clscusered in 1974, their impact was not felt untit 1975 due to the
lag time betwesn discevery, compietion, and construction of surface
faciliTics. An additiona! nine discoveries In 1975 added to the upswing
In predustion, which increased fo 21.7 ml!lion barrels in 1976, Seventeen
new poo! alscoverles In 1976 resulted from the Increasing level of drilllng
activity In North Dakota. Production increased to 23.3 milllon barrels,
surpassing the 22 million parrel procduction of 1970,

wstrates apruzl crude oil production for the period
roductinn dec!ined from 22 mlllion barrels in 970
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tbls.

N
20,674,109 bbis.
]
1]
4
1
| °c 737,104 bbls,
| '9,655,849 bbis.
Z
i
20,451,031 bbls.

23,272,804 bhio,
74,300,000 bols. to 25,000.000 this. projected.,
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incoma acoriing to the State Land Departiment and to +he Beank of
Nortih Daloda die T0 jease 0oISes anc ‘oy:¥sy payments are as fcliows:

Lease Bonuses:

Borucsos for leases for the period Juiy 1, 1970, +o June 30,
1977, amountac to $7,i23,020. Since Juiy |, 1977, the three lease
Sales that have taken piace In North Dakota have brc,gnf in a total
of $10,886,616, or nearly 1.5 times as much as for the prior seven
years combined.
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$87, 153,580,

$136,574,940.
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Figure 3.
VALUATION OF OiL PRODUCTION
$63,834,340. FISCAL 1970-FISCAL 1978
$64,508,480.
$63,906,520.
$62,804,980.

$163,313,300.

$201,365,280.

$239,000,000, est. *

* Estimate by State Tax Department
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$3,191,712, GROSS CRUDE O!L FRODUCTION TAX
FISCAL 1970 +o 1978

$3,225,424.

H

|

$3,1¢5,325.

|

$3,140,249.

$4,357,679.

$6,828,747.

$8,165,665.

$10,068,264. est.

$11,950,000. est.*

* The estimated tax recelpts for {973 are corcomut ve en’

+ake into account increasing production froin seveial recent cLilover?

v
%]



-16-

Royalty Payments:

1973=-1975 Blennlum

Land Dept. $1,154,416

Bank of North Dakota 619,820
Total $1,774,236

1975-1977 Blennium

Land Dept. $2,310,486

Bank of North Dakota 1,203,180
Total $3,513,666

From the 1973-1975 biennium to the 1975-1977 blennium, there was a 98
percent Increase in royaltles paid to the state.

NORTH DAKOTA AMONG TOP FIVE STATES IN RESERVES ADDITIONS FOR [977--

As a result of discoveries made during 1977, North Dakota now ranks
14th In proved crude oll reserves at 150,190,000 barrels, compared to its
I5th-place ranking In 1976. Nearly 160 million barrels of oil were added
to our natlon's proved reserves by new field discoveries last year. Five
states accounted for the bulk of the new discoverlies. They include
Louisiana, the leader with 43.4 million barrels, California 41.7 million
barrels, Texas 15 million barrels, Wyoming 12.2 million barrels and North

"Dakota nearly 12.1 million barrels.

In addl+ion to the 12.1 million barrels of new field discovery
reserves, North Dakota had indicated added reserves of over I8 miilion
barrels. Indicated added reserves are additional recoveries in known
reservoirs, in excess of proven reserves, which engineering knowledge and
judgment Indicate will be economically available by application of
enhanced recovery techniques.

Exploration and development drilling continues at an accelerated rate.
Drilling rig avallabllity appears to be the major factor IImiting the
number of tests belng drilled.

Development drilling Is still taking place In two of the major fleld
discoveries for 1977. Little Knife Madison and Charison Silurian continue
+o have thelr boundaries extended as the result of successful development
driliing. Mondak Madison, discovered in 1976, is also being expanded in
area and reserves as development drilling continues. Final reserve
figures for these fields will not be known until they have been dellineated
and thelr reservolr data interpreted.
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The picture Is not so rosy insofar as the state's natural gas and gas
liquids are concerned. Natural gas reserves declined nearly 14 billion
cublc feet. As could be expected, gas liquids reserves also declined,
down 1.7 milllon barrels from 1976. Most of the natural gas produced In
the state Is assoclated with crude oll productlion. An exception is the
production from the Cretaceous Eagle Formation on the Cedar Creek Anticline
In southwestern Bowman County. Exploration for gas has been at a virtual
standstil| for some time in North Dakota. Hopefully, the recent interest
being shown in shallow gas exploration in Colorado, Nebraska, and South
Dakota will expand into North Dakota.

NATURAL SCIENCE SOCIETY WiLL MEET-~

Some of our readers may be Interested In attending an early autumn
fleld trip currently being planned by the North Dakota Natural Sclence
Society. The Soclety will meet In eastern McLean County to observe
sandh! |l cranes and the glaclal geology of that area. During September
and October of each year, approximately twenty thousand sandhill cranes
gather In the Lake Williams area near Turtle Lake. These birds enroute
from Arctic nesting grounds In Siberia, Alaska, and northern Canada pause
several weeks to feed and rest before continuing southward to wintering
grounds located primarily In Texas and New Mexico. The cranes roost on
alkali flats bordering the lake and spend the daytime In nearby fields.
Excel lent opportunities exist for viewing the cranes while in the fields
and during morning and evening flights. This fleld trip will provide
participants an opportunity o become more familiar with the flora and
fauna of saline lakes, a unique habitat utilized by many species of
shorebirds and waterfowl during the fall migration.

The area we will visit Is on the Missouri Coteau, and it has an
unusual ly diverse suite of landforms that developed as a result of large-
scale glaclal stagnation. Our trip will be conducted by Gary Krapu, of
+he Northern Prairie Wildlife Research Center In Jamestown, and John Bluemle
of the North Dakota Geologlcal Survey In Grand Forks.

We have not yet set a definite date for the fleld trip, although the
weekend of September 23-24 is a |lkely possibitity. We also haven't
arranged a specific meeting place yet. Any readers interested in the
trip can contact me (John Bluemle) here at the NDGS and 1'Il see that you
get the final announcement when all the plans are complete.

I'"11 also take this opportunity to say a littie about the North Dakota
Natural Sclence Society. We now have about 250 members, mostly from North
Dakota. Our membership Includes all types of people, all of us Interested
In the natural environment of our state; every one of the readers of this
Newsletter is eligible for membership in the Soclety. In general, we
encourage the recording and preservation of observations of nature, and the
Society serves as a means of communication among those of us concerned
about enjoying and conserving the natural worid around us.
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The North Dakota Natural Science Society publishes the Prairle
Naturalist four times a year. This periodical deals with the environment
and the natural history of North Dakota. We are fortunate in having
increasing numbers of interesting manuscripts dealing with a wide range
of natural science topics being submitted for publication In the Prairie
Naturallst.

Individual memberships In the Society cost only $3.00, and family
memberships are $4.00. |f you would | ike more information about the
Society, or if you want to join, please jet me know.

FEDERAL WITHDRAWAL OF LANDS FROM MINERAL EXPLORATION AND DEVELOPMENT--

Through frequent Items In the press and other news media, the public
s becoming aware of conflicts within the federal government regarding the
withdrawal of federal lands from exploration and development for mineral
and energy resources, The U.S. Department of the Interior is Currently
wrestling with the problem of finding a way to develop the petroleum
potential of the Overthrust Belt in the Rocky Mountalins without violating
the wilderness concept. Many of the federal lands located within the
Overthrust Belt would qualify as wilderness under the criteria for such
designation within the Wilderness Act. At the same time, the Department
of Energy has reported that there are 156 high-energy tracts within the
Overihrust Belt and that all lands in fthe area have high-energy potential
and should be omitted from wilderness proposals because of the Importance
of the development of their energy resources.

The three principal statutes authorizing and regulating the disposition
of federal mineral resources are: the Mining Law of 1872; the Mineral
Leasing Act of 1920; and the Mineral Leasing Act for Acquired Lands of
1947. The Mining Law allows claimants to acquire fee title To the claimed
land. A prospector may enter public land and search for minerals and, If
he finds a valuable mineral deposit, he may file a claim and begin mining.
The prospector will have an exclusive right to possess the fand for mining
purposes as long as $100 worth of development work is done each year. | f
the claimant can show that a valuable mineral has been found and that at
jeast $500 has been spent on improvements, he is entitled to obtain a
patent granting him fee +itle to the claim. The mineral Jjeasing acts
control disposition of coal, oil, oil shale, gas, phosphate, potassium,
sodium, and certain other materials. The Secretary of the Interior has
+he authority to decide whether fo lease or not to lease land or deposits
or to issue prospecting permits.

Approximately 742 mlilion acres of federal lands are subject to the
Mining Law of 1872. In 1968, 17 percent of these lands were excluded from
exploration and development, By (974, excluded or withdrawn lands had
increased to 67 percent. Lands subject to the mineral leasing acts were
similariy affected. Approximately 824 million acres of federal lands are
subject to the mineral leasing acts. In 1968, 17 percent of this 824
million acre area was excluded from exploration and development and this
had increased to 64 percent by 1974. As a result of these withdrawals, an
area larger than that encompassing 25 of the 27 states east of the
Mississippi River has been withdrawn from exploration and development.
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In North Dakota, the National Grasslands constitutes the largest area
of federal lands. The Grasslands are divided into two planning units and
are managed by the U.S. Department of Agriculture under the Management
prescription for the Badlands Unit, adopted September 1974 and the
Management Plan for the Rolling Prairie Unlt, adopted August 1975. The
plans, which were adopted following considerable public involvement,
provide for multiple use of the natural resources. They also provide for
areas designated as "essentially roadless" with numerous restrictlions and
eventual exclusion of mineral exploration and development sometime in 1981.

At the present time, the areas designated as "essentlally roadless"
under the existing management plans are belng considered for "wilderness"
designation through a recently Inltlated evaluation program known as RARE |1,
Lands designated as "wilderness" would be Immediately withdrawn from mineral
exploration and development. Such designation would also place severe re-
strictions on the livestock industry In those areas. For example, only
primitive methods would be allowed in the improvement and maintenance of
stockwatering facilities and fences.

Even though federal wilderness area regulations will apply only tfo
federally owned lands within an area so designated, they also affect
privately owned surface and minerals within the area. As an example, two
areas now being considered for "wilderness" designation were examined with
respect to the privately owned minerals lying within them. Federal and
non-federal mineral ownership was determined from maps published by the
Bureau of Land Management.

In one area of 18,440 acres, approximately 4,480 mineral acres, or
24 percent, are privately owned. Another area of 21,120 acres includes
approximately 7,410 privately owned areas (35 percent) of minerals. As
these areas are withdrawn from leasing and surface exploration and develop-
ment, the non-federal mineral rights will be adversely affected. Even
though they may be leased and are open for exploration, It Is unlikely that
they will be explored or developed due to the Inability of an operator to
assemble a block of acreage sufficiently large fo satlsfy the economic
requirements of an expioration and development program.

Most of the federally owned lands lie In the western states. These
states contain most of the Important sedimentary basins and mountain ranges
with the greatest potential for energy and other mineral resources. While
we recognize the importance of preserving wildnerness and other unique
areas, thelir designation and ultimate withdrawal from mineral exploration
and development has got to be considered In the light of the effect of
such actions on the nation's economic and defense requirements. The nation
finds Itself on the horns of a dilemma which will require sound reasoning
and judgment for Its solution. -
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NDGS CORE AND SAMPLE LIBRARY FILLED TC CAPACITY=--

North Dakcta law reguires that all requasted core and samplas and
all geophysiczi logs acau!=cd from exploraticn and development of oll and
gas, lignite, and subsuriace minerals ba furnished to the State Geocloglst.
We have accumulated and maintained These meterials since the discovery of
ofl in the state In 195i. As a result, the North Dakota Geolcgica!l Survey
possesses what Is considered to be the nztion's most complete and accessible
collectlon of subsurface geoiogic and englineering data cbtaliicd from.
exploratory and development drilling.

In addition to oll exploratory well cores and samples, the library
is the reposivtoiry for all cores and samples collected by the State Water
Commission, and I+ aiso contains cores resulting from the U.S. Air Force
misslie-site cvaluation program.

The core and samplie |ibrary has proven to be a valuable source of
Information for Survev and industry geologlsts, and faculty and students
In the Geoliogy Depariment at the University of North Dakota. Its existence
and vee is @ facior in the current acceleration of exploration activities for
oii and gas and subsurface minerals In the s*ate. The fibrary is vital to
the performance of the Survey's statutory responsibititles.

The core and sample |ibrary Is currently housed in a metal bullding
on +he east side of the University campus. The building contalns 9,600
sauare Yeet (80' x 120') of fiocor space and, except for a small exami~
nation room, I+ Is unheated. No laboratory or washroom faclititles are
provided 'n the building. For this reason, core and samy. @5 must be
transported bsiween the library and Leonard Hall for stucd, by Survey
geologists, studernts and faculty, ard industry representatives. The
facllity Is nearly fitled to capacity.

Aithough the percentage of weils cored has remalned essentially
constant at 27 percent over the years, there has been a dramatic increase
in the fcotage of core from these wells. Footage of core per cored well
In 1976 averaged 65 fect. During 1977 the average cored interval was (0l
feet per well, an Increase of 55 percent. At this increased rate, we
expect the core library to be filled by the end of this year.

To alleviate current condi+lons and provide for future needs, the
State Geological Survey !'s requesting an apprcpriation for a new core and
sompie |Ibrary and egulpment-storage faclilty to be consiructed in The
vicinity of Leonard Hall. The proposed new faclilty would Include 22,000
square feet of fioccr area to provide 19,000 square feet for core and sampie
storage, 1,000 squeire feet for laboratory, oftlce, and washrocm space, and
2,000 square feet for equipment storage.
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POTASH RESOURCES~-

We last commented on potash in North Dakota in the December 1976
Newsletter. Since then, Sld Anderson has continued to study the North
Dakota potash resources and we have learned much more about them.

The North Dakota potash deposits are extensions of rich deposits
now being mined in Saskatchewan. They underlie 11,000 square miies in
northwestern North Dakota and 3,000 square miles In northeast.in Montana.
They are of Middie Devonian age and occur In beds within the Prairie
Formation, an evaporitic sequence composed mainly of halite, but also of
potash and anhydrite.

The Iimits of the Pralrie salt In the Unlted States are from western
Bottineau County In north-central North Dakota to Daniels County In eastern
Montana and as far south as northern Dunn County In west=-central North
Dakota. Evlidence of solution Is found along both the eastern and western
margins as well as in eastern Montana. Thickness of the salt ranges up
to over 500 feet In Burke County, North Dakota.

On the United States side of the International boundary, as in
Saskatchewan, three potash beds occur. The Esterhazy and Belle Plalne
Members, the lower beds, are present In both North Dakota and Canada. The
upper bed, the Patience Lake Member in Saskatchewan and the Mountrall
Member in North Dakota, Is discontinuous and cannot be t+raced across the
international boundary; however, the Patience Lake and Mountrall Members
are probably correlative.

The North Dakota and Montana potash deposits occur at depths below
3,500 feet so coventlional shaft-mining would be Impractical; solutlon-
mining appears to be the only way to mine the resource. In North Dakota,
depths range from 5,600 feet near the eastern limi+ In northwestern Bottineau
County to over 12,000 feet in southern McKenzle and northern Dunn Counties.

The Esterhazy Member Is the most extensive potash bed In the United
States portion of the Wliliston basin, extending westward from western
Bottineau County, North Dakota to Danlels County, Montana, and south from
+he Canadlan boundary to northeastern Dunn County, North Dakota. This
member Is also the lowest stratigraphically and the shallowest. I+ occurs
at a depth of 5,632 feet in northwestern Bottineau County, which is the
shallowest known occurrence of potash In the United States portion of the
basin. In North Dakota, the Esterhazy Member has a maxlmum gross thickness
of 44 feet at a depth of 11,800 feet In west-central Mountrall County. The
maximum net thickness known is 32 feet In north-central Burke County (net
thickness equals gross thickness of the potash member minus the thickness
of the Interfingering halite beds), Other areas In North Dakota with
substantial net thicknesses are: central Divide County with 29 feeft;
northeastern Burke County, 28 feet; and southwestern Bot+1neau County, 27
feet.
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The Belle Plafne and Mountrail Members are not as extenslve as the
Esterhazy Member. The Belle Plaine Member is up to 45 feet thick in parts
of Burke County and has a maximum net thlckness of 29 feet In Divide County.
The Mountrail Member is 8 feet thick in south-central Mountrall County. It
occurs near the top of the Prairie sait section, but it probably has no
economic value because of vertical separation from the Belle Plaine and
Esterhazy Members and because it Is so thin. '

in North Dakota, the most favorable areas for potash development
appear to be: central Burke County where the depth to potash is 8,300
+o 9,000 feet; western Divide County, where the depth Is from about 8,900
+0 9,200 feet; and western Bottlneau, eastern Renvilie, and central Ward
Counties, where depths are from 6,000 to 7,500 feet.

The total potash resources In the United States portion of the Willlston
basin are estimated to be approximately 60 billion fons. North Dakota has
an estimated 50 billlon tons and Montana has 10 biliion tons. We do not
yet have an estimate of recoverable resources.

THE LITTLE MISSOURI RIVER BADLANDS-=

Many people would argue that the most scenlic part of North Dakota is
+he badlands along the Little Missourl River. On first viewing the scoenery
there, a visitor might conclude that some great natural catasvrophe has
+orn the earth apart, ripping 1t open and exposing T+s loisr lor. Byt the
hills and valleys of the badlands were formed by agents e ralentiess
than earthquakes or volcanoes. Thls land, which Theodo: ¢ Foosevelt found
"fantastically beautiful," was carved by running water from rain and
melting snow, by wind, by frost, and by other processes of erosion.

The Sloux Indians called the badlands "mako sika" ("land bad"), and
early French explorers transiated this to "|es mauvals terres a' traverser"
("bad land to travel across" or, more simply, "badlands"). Today, modern
roads make access to the area easy and the name "badlands" may not be as
applicable as It once was.

The Li+tte Missouri River Badiands are a product of the action of
rivers and streams, both the modern ones that are eroding the area today
and ancient rivers that dellvered sedlments to western North Dakota about
65 million years ago. During Paleocene time, layers of sediment exposed
today In the badlands, mainly sandstone, sl!ltstone, and claystone
(geologists refer to these layers as the Bulllon Creek and Sentinel Butte
Formations) were deposited in lakes, ponds, and swamps along streams flowing
east from the newly-formed Rocky Mountains to the sea In eastern North
Dakota. In and near the rising mountains In Wyoming and Montana, the
Paleocene rlvers and streams flowed swiftly and carried large amounts of
coarse materials such as gravel. At the point where the rivers flowed from
the mountains out onto the plaln, they lost much of their carryling power
as their velocity dereased and, as a result, they deposlited the coarser
gravel and sand near the mountains. The streams carried the finer meterials,
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such as clay, silt, and flne sand, farther eastward to the Dakotas,
depositing them at the edge of a large, Inland sea +hat covered vhe easfern
parts of the Dakotas. The deposition of the sediment was not uniform and
blanket-1ike, but rather, as the rivers and streams meandered from slde to
side, they deposited materials over one area for a few years and over another
one a few years later. Durlng Paleocene time, while the Rocky Mountalns
were still forming, volcanoces were erupting in western Montana and Wyoming.
These volcanoes produced large amounts of ash, which the wind carried east-
ward to the Dakotas. The ash collected !n ponds and lagoons and, with the
passage of time, it was transformed to ctay that can be seen exposed as
bluish layers In many places in the badlands.

The badlands are a hitly land, but when you approach them, you fook
down on the hiils, not up at them, From the rim of the "breaks," as the
drop into the badlands Is called, an observer can see the strip of bare
ridges, bluffs, buttes, mesas, and pinnacles along the river. Behlnd vou,
an unbroken, rolling plain stretches away to the horlizon.

The erosion of the badlands began soon after the beginning of the lce
Age, probably about three million years ago. Before the lce Age, the
L1++le Missour! River flowed northward in a smooth, gentie valliey, Jolinlng
a larger river, the early Yellowstone Rlver, near the Canadlian boundary In
northwestern North Dakota. These comblned rlvers flowed north from there
Into Canada and on to Hudson Bay. When glaclers first moved southward Into
North Dakota, thev blocked the north-flowlng rivers and diverted many of
them, including the Little Missouri Rlver, which was forced to flow east-
ward along the margin of the Ice. After 1+s diversion by the glacier, the
Little Missour!l River continued to flow over the new shorter, steeper route
and because It did so, it cut rapidly downward, eroding its valiey and
carving the badlands.

) Badiands erosion in western North Dakota has not been at a constant
rate. Erosion tends to be most intense during times when the climate Is
drier and the covering of vegetation Is too sparse to protect the soil;
the occasional, heavy rains that do take place during these dry periods
are thus able to remove large amounts of the loose, unprotected soil.
During the past few hundred years, +he Little Missouri Badlands have
undergone four separate periods of erosion and three periods of deposition.
New gutlies have been cut to their present depth since about 1936. Since
+he badlands started to form about three million years ago, the Little
Missouri and Missouri Rivers have carrled about 40 cubic miles of sediment
from western North Dakota downstream to the Gulf of Mexico.

Unusual shapes that result from uneven erosion of the layers of
sediment enhance the natural beauty of the area. Such things as hard
sandstone beds and sandstone concretlons, beds of lignite coal, petrified
wood, and scoria are all more resistant to erosion than are the softer
s1i1t and clay layers found In most places. Orange and r&ddish-hued scoria
beds formed when veins of ilgnite coal burned, baking the nearby sediment fo
a hard, erosion-resistant, natural brick that has fused to a clinker-}lke
material In places (the formation of scorla was discussed In more detal! in
a previous newsletter).



Petrified wood Is found In many places in the badlands. Although
+he whole area that Is now badlands was probably forested during Paleocene
+ime, the preservation of wood and stumps required that the trees be
rapidly buried by sediments so that they escaped decay. Thls might have
happened when streams changed course or flooded thelr banks depositing
sand or silt on the trees. After a tree was buried, groundwater began to
circulate through 1+. WIith the help of bacterlal action, the water
dissolved out the softer cellulose material of the wood. The water also
carried dissolved minerals, among them siiica (S10p). The sliize was
deposited in the spaces left by the dissolving out of the uiant Tiscue.
This went on for a long time so that the replacement was gradual, @ molecule
of plant tissue being simultaneously replaced by a molecuic cf sifica. In
this way, the original cellular structure of the wood was preserved soO that,
In many cases, the petrified stumps look exactly |lke otd wood stumps
except that they are stone. The petrified wood found In the Littie Missouri
Badiands Is mostiy very light brown or cream colored and it Is abundant
in places. '

I+ has often seemed to me that our North Dakota badlands are especially
beautlful because wooded areas occur in many of the draws and on the north-
facing slopes. Evergreens, such as the Rocky Mountain Jjuniper, |imber pine,
and creeping red cedar are interspersed with trembling aspen, cottonwood,
and poptar. Near Amidon, fumes from a burning velin of coal have altered
the growth hablits of the juniper, causing It fo grow in a tall, columnar
shape. When the fire eventually goes out, the descendents of these shapely
+rees will revert to the typical juniper shape, common' elsewhere in the
badlands.





