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hand leepped by havine very little relieble inforsetion from deep
test wells; and by lack of well sampless To & large degres the

present writer ie under the same hendlesp as hls predecessores

Releted 3tudisg--In mo place in lorth Dakota are the basesent rocks
expoged at the surface; tiue, any conelusione which way be drawn
as to banmﬁm conlisurantions and composition muet be made fron
wvell samples end surface mounted peophysical devices.

in disougeing the stretigrvephy of North Dalota, Xline (1942,
ppe 336=279) considers the baserent rocks as bein; Precesbrian in

ayes Xline's informatlion on the basenent rocks was derived from a

few water wells in the Red River Valley and from the few 0ll exploration

wells which hed penetrated to the basement rocke at that time,
Prior to Kline's report on the stretiprephy of lorth Dakota, ‘all
and ¥illerd, (1905, pe 2) rive @ very stort description of
"anciert yranite® in the Casselton and Far;o quedrensles.s Theilr

infor-ation was derived from water wolls in the area and they note

"~ that the baeeront was,

"eesof unitmown thicknesey deeply buried and 1t does
not geen likely that it will ever yleld either water
or valusble minerals.”
They alee note that  reen to variecolored clay ileoediately ebove
"hard® renite, '
"sesthows tint the ;ranite has been decorposed and such
altered and was long exposed to the setion of atrespherie
agencies before Lthe submeryence of the old land surfeee,”
Laird (1941), compiled a list of selected deop well records
in whieh three welle ere mentioned ns penetrsting to bungerent

rockeas The above wells were drilled prior to 1970 end Lthe sawples

£ 0
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gre not availeble for study, The rellability of the deseriptions
of the basement roeks in these three wells is much in doubt by the
writer, especially when one well is deseribed as containing "blue
granite® interbedded with "white sand®,

Haraldoon (1953) mede a geomegnetic survey of parts of Plerce,
Benson, Sheridan and ¥Wells counties ard corpiled in the course of
hie study o hesement strusture wap for thel area.

For o mumber of years the Uround Yater Branch of the Unites
ttaten Ceolosicel Survey has been conducting sn intense eeareh for
water in lorth Dekota with the result thet a nusber of test wells
have been drilled in the Ned Niver Valley which are reported to
penstrate to basemert rooke.

The rost reecent work on the basemewt in “orth Dakote is ihut of
fangen (1957)s who conmpiled a structure mmp on the Pre-cembrian
{basemert ),

The writer ig of the opinlon thet in the state of brth Dakote
the terms baperent ard Precasbrian may be used syrornywously, Xline
(1942) and lensen (1957) both use the term Proce-brian in reference
to the basement; hence, the writer will mot (.. ‘e fyom the present

trend ! L respeot,



CHARACTER OF T SASEVEND

Jopo yapty--In the southeastern portion of ihe state the basevert
rocks are approximately 9% feel below the surface (s ¥, Snowden,
fuddy Broe, Assber 1 well, 3¢ 1/4, o¥ 1/, sece 11y Ty 132 I,

‘Re 58 Wep Approximately 5 miles north of the town of Orete in

gargent County)s Im the rorthern portion of the Red River Valley
the bamerent rocke ave approximately 897 feet below the surface
in the town of Camilton ¥Well, Ferbina County (Sees 55, Te 162.%,
Re 53 We)e The above depthe were conputed by the writer on the
basls of water well losss The basgement exhibite an even slope to
the weet fror Crand Forke and attalne s waxlaum depth of 12,495
feet below vea level im the 88 1/4, = 1/B, fSees 16, Te 1567,

Re 95 Vey ¥illlome County, The nearest town to this loent ion

is Tiogmy approximately & miles to the rorthwest in ¥illiame
county. Basswert profliles were construeted by the writer (Flates
IT and 111) by use of information obtained from availsble oil
woll deta, Profiles Aei! and Al (Plate II) are rorthesouth
profiles. Profiles C=C'y DeD') and Eei' (Plate I1I) are caste
weet profiles (Pasevent Base 'apy Flate 1) The profiles on Plute
11 graphieally illustrate the even slope of the hesement,

tlony the Red River Vnlley the besewent rocke ere deerly
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weathered where Creteceous rocks are abpsent, The hasemont rocke
in thig aven are directly overlaln by ;leacial drift, Drilling
operations in the Red River Valley have indlceted the presence of
mimerous bagoment ridree or basewent "teposrephie hi he", These
ridges or "hizhs" are thousht by Pauleon (1955 pe 35) to be the
yesult of both variations in the depth of weathering "eseand
beesuse of ;lscinl eresion which ln some places ceussd ihe recovel
of all tie decorposed mone,” Demnls (Dennls gt gles 1949, pe 28)
stntess

“The prepence of fragments of shale, ;ranite, and

basle isneons rocke in gowe of the well euttinge Trom

the :ranite contact su gests that the upper part of

thils zone was reworked by the glscler and sove [lascisl

material was incorporated within the decorposed zone,"
In all caees thege rid;es or "hi he" on the bapesent are aligned
in & nortivegtesoutheast directions The writer wes unsble to find
eny indlcntion as %o whether the rid;es .or "hisrhe® on the basewent
wore couposed solely of weathered i:nmeous :aterial or weathered

i/noous material which hed been reworked by gleecial action.

Strueture--i bapevert roposrephle sap (Plate IV) wae prepaved fron
avallable oll well deta, Infor-ation from existing water welle in
the Rod River Velley waas not incoroprated in tie em:l!atinﬂ of
this sap becsuse the available informatlon is not definitive.
sarface slevations ere lecking “or over 90 peroc L of the weter
wells, hpﬁmphie ~aps of thig area are either lackin; or are

contoured on sueh an interval as %o be of very little help ine

study of Lhis types

Throushout the rajoy portion of tle state baserert contrel

PR . o P SR gy .
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points are cither far apart or entirely lacking ard for these reasons
the pajority of the contours shown on the baseremt topo;raphie rap

y are inferved (dashed lines)s Only in the narrow belt betwsen lonsitudes
08 derrees west to 100 de rees west is there any type of poaitive
nenf.nh Contoure in this latter area are represented on the above
mentioned ap by solid liness The contour interval is 200 feet

i'r and pon lovel io telten as tie vertical datu» plane.

The features exhibited by the confijurations of the 1600 foot
contour (9K 1/4, Sece 18, Te 146 Sep Ry 62 ¥e at the town of

1 ‘lenfield, Fostor County) and the 2000 foot eontour (3% 1/4, & 1/4,
Soce 23, Te 146 oy Re 66 ¥ep vpproxisately four miles east of the
town of Carringlony Fester County) are interpreted by the writer ae
reflecting an eastewest treniing feult, Another explanation of tle
contour pattern is that of an erosional remmant, further evidemce

indicating the presence of s fault fa thet the electric loy for ove
of the wells in this area “as an amomalous ourve which could be
interpreted as indleating fault souge; howeven " ranite wash"mi;ht
be Lidiecateds, Accordin; to lowell (1997, pe 128) rranite wash
may be defined as,
"essThe materinl eroded from cubterops of ;ranites,
syonites, dloritesy ;ravodiorites, romonites and thelr
fine= rained or sphanitic squivalentossennd redeposited,
forulng & rook having spproximetely the saume »ajor mineral
constituents an the orisinal roek."
Exasination of sarples fyox these arces indiecates a eli bt degvee
of weathering, The writer does mot feel tiwmt the feature may be
explained as en erosiornel vremmant as he is of the oplinion that the
intenge de;ree of weathering meeded to produce guch a feature did rot

oocur in this part of the etntes It is very doubtful ig weathering alone

I L




~welle in this area showed very little indication of weathering and

‘gurve on the electric log imdicates an ineremse in permeablil ity

Te

could produce such a feature. For the following reasons the writer
would like to infer an eastewest trending feult in this avea, The
anomslous curve on the electPlie los ecould be interpreted as either
granite wash or fault souge; howevery; the samples derived from the

all of the mineral grainms have very angular corners and edges, The
extrone angularity of the sarples indleates feult jouge rether than
granite washs The swrplee show very 1ittle weethering wherese
granite wash should show considerable wveatherings The amonalous

however, the samples indleante dense irneous roek which hus been
considerably frectured, Dasevent profiles CeC', DeD' gnd BuE'
would further emphasime the prodable presence of this fault,
Vertical displecerent near the eastern end of the inferred feult
is approx imetely 122 feet and near the western end approximately
226 feet,

4 feult 48 irferred between wells mwber 1231 (M 1/, See, 2,
To 155 Moy Re 96 W) and 1385 (8B 1/4, ov 1/4, Sec, 16, Te 156 X,
Re 95 ¥e)e Evidence for this feult consists of thickening of the
sed irents between the basement axd Lhe base of the Wimnipepr send,
In well 1231 the base of the Wimnipes; 1s listed as 11239 feet below
poa level and the top of the baserent 1s listed as 112090 feet below
sea level which gives n total thickness of 60 feet of enclosed sedimente,
In well nusber 1385 the base of the Winnipey sand le listed at 11805
beet belew sea level and the top of the dasement is 1leted am 12268
feoet below aea level which rives a ftotal tileckness of 663 feet of
enclosed sedirents, In well 1385 approximmtely 200 feet
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10 of thepe sod lnerts can be explained by basinward thickening of
pod imente, Ny inferring a fault between the two wells the rewaining
500 Pect of encloped sed lnents may be explalned, The inferrved :

" ro;lonal dip in this erea 12 approximately 32 faet to the mile

wr
; SW NE
; Depth Below Well no. Well no.
Sea level 1231 1385 }
. |*—— approx. six miles 1
11000+ : X
. % - |
5 o ’ . "
Base of Winnipeg P ! i
ks : Basement b TR -"‘::"’“'--------- ;
11500 ‘ e e __‘_-; cpAprox. regional c_np.____‘
# e Sy Projected base of Winnipeg
—
" 4 \\\,\ ’
-~ . 4
4 A \ﬁas. of Winnipeg
; 12000 :
4 ¥ \ 3 Other sediments
; - L Basemen! 1
12500
e ous S S ¥ e T A A -
a5
Pire lewDiagremmtic profile between wells murber 1231 ard 1785,
| The writer would also like to propose that a fault ray exist
AP Sp— mnber 1221 (38 1/4, o 2. Py 155 s Re 06 ¥
betweon well runber L,‘,, { 19 VOGe L e 40 ep Da VU Vep
approx isately £ =iles rorth of the town of lbfflund, ¥illiame county)
and well munber 140% (U1 1/8, Soce 155 Te 199 lep Fe 9€ Y., approximately
& milees morth of the town of offlurd, willlarms eounty)s The vertieal
difference in elevation of the bagexent between Lhe two welle

amounte to €72 feet in approxivately two =iless There lp relatively

8 —

1ittle thickenin: or thinning o the overlyin: Paleonoic sed lrents
between the two wellse The writer bases hls evidence for this feult

en the difMferdnoes in the haserent elevetion belwesn the two wells
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and thelr close proxinmity. The staff cevbers of the lorth Dalote
(sological Durvey sre of the opinfon that eny thickening or thimnin
of sdelzents in thle avea »ay be explained by beslmverd thickenin: or
ecorpuction (Clarence Cerlson, oral ecommnlcation).

Only ome known fmult in North Dakota appesnrs as sipnificent
10 conmection with the study at hand, This feult is nortiveste
| southesst. trending and 1s Jocsted approxicately two ciles east of
. Mofflusd, ¥illlems Coumty ('€ 1/8, Tu 156 n,, R 95 W) %o
~ approximately 6 miles wutivest of Verendrye mm “ormumenty
| Mekensis County (SE 1/4, tece 36y Tu 152 Ney P u ¥)e This femdt
i kvown ao the Sanish feult end has been mapped by the United
w veolo lead my (alhmng 1957)e It ip uricmown at the
progont Lime whether this Psult extends %o the breenent as basewent
ontrol in this area ls very poors It is quite possible thet the
ganigh fault 1 a reflection of besement structure,

The directions and the len;ths of thl. inferred faulte in the

*
]

bose~ent of Nowth Dakota, with the exception of the Janleh fault,

are unknown ot tho present time, Other faulte and etructural features
uay exlet on the baserent but until =moyre wells penctrate to the
baseuent and better control i1s established they will recain hidden,

Gorwositione=ihe followine very brief discusslon is included et this
time to ive eorpletenses to the sectlion on characteristice of the

bagemeut, A lonjer and rore detelled discussion of the ecomposition

of the hagperent ls siven in tm goction on Petro raphy.

The baserent rocks of lorth Dalote, which have been ganpled
by deep test welle, are donimatoly adamellite (rore than 1/3 but
less than 2/% alkall foldspar and not less then 10 percent quarts)

S e I SR I G b R SN AL N A RS A M IR R ek BT
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and dlorite. The eastern portion of the state, in the Red River
Yalley, is deeply westiered to depthe ranging from 100 to 1000

feet; no computed by the writer fron avallable well records., The
writer g inclined to be quite n‘:uptiml of this latter ©ijure as it
ie quite irprobable tiat there would have been sufflelent intervals

’ of exposure for this depree of weathering to take place, According

%o Kohavowek!i (oral cosminicstion) westhoring dees ot extend below
500 feet unless alon: open Clesuress With the uMua of ihe ;
Red River Developwent and Cil Company, Hdger Der; usber 1 welly
I vent rora Cousty, whish pematseted 1551 fust of wegbiered quaviaite, y
8ll information ne to the depth of weathering in the Red Niver valley
was obtalined fron wator well loges

Amphibol ite ocours in one well epproxirately 6 niles southosst
of tie town of Yucea (SE 1/A, T 1/h, Secs 18, Ty 141 %, 7y B1 W),

0l iver County.
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THE GEOLOCIC HISTORY OF TIE DAsZENT

An roted by Xline (1942), and fmnsen (1957), the basement of
Yorth Dalota lsz conpidered to bde Precacbrian in ae. In cany parts
of the state the base-ent lp directly overlein by Cesbrian gedirente,
o the writer's kuowled o no a e deterainations based on redlosctive
dovay have ever been uade on any of the Leserment meterial from
lorth Dalotes |

On the baels of Darth's mediflestion of Bowen's resction seriee
(¥111lams, gt sles 1955) 1t will be found thet basle rinerals should
form from & mayrm belore ssid ninerala, 0Oy this sare reasoning 1t
ghould 'old true that from the same ~ayvm, basic rocks should
cangol idate before dom voekss Iff this general suppoeition ia
true then 1% ~ay be concluded, providing external fsctors 46 mot
influence the remstlon, that ;abbro is the {irst rook type to form,
followed v ordey by dlorite, monwonite,  ranodiorite, sdamellite and
finslly by ;renite, The above supposition would only hold true in
mich capes where the rooke are derived from the sate ma ma snd only
in such instances when the =a;ma ie not scted upon by internal or
exteornal conditions,

o the writer's knowled e, verlous processes way be happening
in the charbor where the ma;ma is conlined, Dorder faclee may be
forred by magmatie stopin; of the comtalsing walls ard yoof of the
ehanber, The fra;~ents ray be lncorporated into the =a;a and dlsgeninated




homopermoualy or they may be noted upon by the map=as The orisinal
nature of the magma may in this way be chenped chenlenlly, If the
chazber ie formed by siliceous sediments, mction of the magms upon
these sedlments may incresse the acldity of the paremt marma, In
the seve way onleareous sediments ey couse the merme to becore
sore basice When the magma has partially consol ideted a liquid
phose otill remaline, The liguid phase way resct with the rmterisl
whieh has consolidated, esusing it to rediseclve, thue chansins the
corposition of the liguid phose and the resulting roeke whieh would
ultimetely form, Collapse of the wegrma chember way foree an ejection |
of the liquid phese from the chamber before it hap time to consolidate,
Recharre from the magwa reservolr =ay occur in the mmgma charber thue
further couplicating the eyele of events,

The rocke which now compose the baserent may at one time have i
been gedlrente which became granitized or recrystellized,
At the present time, considering the savples availeble, it i : e
not poesaible to deternine the type body to whieh the orth Dakote .‘
beseront rocks owe their orisin, For the sere remson It lsg ot 1
possible to deternine if all of the baserent rocks of ‘orth Dakota
are the result of the same mapwm body, The writer d1d rot find
any rocks in the YNorth Dalota baserert which would ecorrespond te
the Beltien system of 'ontans, Ildaln, ssstern Waghington and British
Oolurblia, The only basenent rock of lorth Dakota whieh could possibdly !

1
3
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be a metased iment is the westhered quartzite found in the Red River
Developrert and 0Ll Conpany, Edgar Berg o lor 1 well, Crand Forks
'mnty (% m. Secs 35y Ts 162 Hep Fa Bl “a)e

Following the emplacerent of the i ~oous baserent rocks, verying
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de rees of qmnion and depoeition took pleces ‘etamorphisn se exhibited
by the srphibolite in the Carter 01l Compeny, L. Le Senling rumber 1
well (5B V4, o8 1/4, sSec. 18, T, 141 sy Re 81 We, approximately

five miles west of tle town of Tuces, Uliver county) took place,

The subeequent history of the baserent »ay be considered %o
parsllel tiat of an imtracratonic baeins, The beserert proceeded %o
pink prosressively ae sedlrente were lald downs The subgidence
was not contimous es Lhere are several uneonforzities rmoted in the
postelrecasbrian sed irents of Yorth Deakota; however, it is the
writer's opinion that subsidence in ‘orth Deicota hes been fairly

continuous eince Preearbrian tine,
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METION OF PREPARATION AXD EXAMIMATION OF SAYPLES

All of the seuples petrosrephically snalyzed in this veport
by the writer were derived frox oll wlh in the state of lorth
Dekotas Due to the fact tual all semples weve derived from oil
aplorguon wells rothoy than Cyor surface oulerops the savples fall
into three ceveral clesses based on particle gime. The three
f,im!.'nl classes sres 1) core sawples, 2) nil euttinge (coarse
euttings), 3) sande (fine srained 1m11 enttings)s Core parples are
the eepleel o work with ss they ere larsze evouph for rerascople
exanination, Deverd!mp on the eise of the aveilable sarples ane of
. twe methods wae used In thelr exseminetion,

The lemst tize-consuning and the best -ethed for -exemining-the
fine well cuttinge is to upe the leinrich method (¥einrich. 1987,
Pbe To8) whoreby the smiple ia erushed to a finerc:- {in - 4 easee
the smples were fine enoush me they cave Crom the well) so tlamt all
tiw ireine are free. After the graine have bdeen 1lilerated Ly erushing
they sre oxavined by means of the yc@mzziuphxo mieroscope and tie
minerale deterrined by tle use of index of refraction liguide ard
other optical mlercecopy procedures,

The secord =sethod of exasining the well euttinge Lle to prepave
petrosraphile slides (thin gectlone)s Thin sections ere easlly vade
fyow the larger cuttins and cores; however, Lthey way alse be 'ude
from materisl ran-in  in else down to 1/4 millimeter,

b 2 FERRERE S R - e et L

Lados o o lalag St .o U

| |
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Various rethodes have been proposed for the mekiny of petrosraphle
ol ides Trow fihc woll enttinges Leroy (19%1, ppe 178=179) proposes
one metiod for preparation of thin seetions of fra;vents or hemvy
concentraten, lie magpests ualny raw (ampda balsev and traneferring
tie fragmente from one alide to amother (by diesolvine the Censda
balsan with xylene) when prinding is partislly cowpleted, The
dlgadvertege of Lhis vetiod ls thet It "...requires sore yractice,
ap it muet be accompl ished quickly and et 8 slven time," S=ith
(19335 pe 86) surgests rounting the gpeelven or small frasvemte on e
elide with Caneda balesms The fra;ments are Lhen sround to approxirately
half thely thickness, the balear dlssolved with xylene, the raine
turned over onto their yround sides by the use of tweezers and placed
on freehly cooked Cmneda balsem, If the fragvents are large erouph
this method alpht preve usefuly however, the writer has fourd ¢imt
this process requires n very steedy hand and considersble time
if sonll fragvents are used,

v It hes been the writer's experionce thet the fnstest and rest
troudle~free eliod of preparing slldea from g=all fragmente 1s to
follow ene of Lihe followin; sethlodes depending on the slze of the
specimern, If the specizen ile lavver than 1/4 of + 'meob in .M.mohr
the stardard method of prinding and roumting thin-wetions is erployed,
This procedure ies %o grind end polish one nide of the specli , woumt
the sround eide on a ;lase elide, comtlme grind irn: and polieving
unti]l the standerd thicknese of 0.0% milliceters is obteinod, and then
e;var by cerentin: a cover slass to the top surfece of the yyound
gpeciren and the ad jssert portions of the slide,

Por savples with s dimeter of less than 1/4 of an irch several

oo
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methods were tried but with varying degrees of success. ‘Yefers of
*ueo® cerent were rsde snd the erell specirens were pleced on these
vafersy after which they were covered with a thin layer of "Duco"

L cerenty This rethed did ot prove satisfactory as murerous air

bubbles developed around the speci-en, cmusing the speelren to spnll
whon grinding reared coupletions In additlon the cevent becere
clouded when the wetl rethod of srindiny wns esployed, The use of
setellozraphic papers did mwot lrprove this situation as the cesemt
vastoo flexible and eould mot be ;round by use of the dry rethod.

Wafers of Canade balsan vade in the eave wanner as the "Dueco’”
genent walers have rany dissdverteres, If the wafere are ~ade on
paper they say be readily sround on ome side; 'owevery when the seetlon
is corpleted emou:sh to =ount on e slase slide rany problems arise,

If the wofer iz subjected to heat the l,g-ma.iraen graine will loose thelr
orientation and 1t 1s vol poseible to obtein & section with an

even thickness, The wefers "ay be rounted on a elide - "' the use of
l1iguid Cenade belsmwy however, this method requires thei %ie slide

be allowed to sye Tor several days before the flmel ;rinding »ay be
sompleteds If the walfers are forved on a ;less sllde 1t Lo very dif.
fieult, if not impossible % srind and polieh both sides of the speciren
without extensive deraye belns done te the section,

The best ethod to use on Fine= rained well cuttings le o
ivpresnete them on a sless slide with Lekeeide 70 (& synthetie resin
diptriduted by Vards atursl Selence esteblishwent), The speciven
‘may then be ;round and polished on tle exposed side erd covered
with avother slides The excess ;lese on the oriyinal elide i¢ broken

sway very carefully no as not to damese the specimen, The remaining




glass is ;round eway, the epecimen ie then ;round and polished end

govered with e cover glages It way be moted that the sarple vay be

irprermated on a cover plasss rather ihan on s reyular slide with the
; hmlt that tie excese ;lase ip ensily revoved, there being less
rlaee to ;rind away before tie sarple le reached, Thie latter
wetiod has the disadvantaye tiat cover ;leeses are very easily
broken especinlly when the firet prinding h in prosress.

A1l ef the aveilable samples from the deep tost welle in Jorth
Mata which penetrete to basesert rocks were exanined with the
petrosraphie wicrosecope by the ume of elther thin sections or by
feinrieh's nethods Percentages of =imeyral eomposition were caloulated
from rrain counts; the resmults of these counts are siven in
Appendix 1I, The perecentages of =ineral conposition as ;lven in
bpperd ix I are the result of three to four ;rain gounts per

gpeciren; henge, sll columns total to 100 plus or mimig © pereent,

Loeation of the Sarplese~ill samples are hmuﬁd in the repositories
of the Yorth Dakota Ceologlcal Survey, (rend Forks, orth Dakotas
P«trég,uphiq sl ides prepaved in conjunction with thie report were
deposited with the Departwent of (eolo;y, Unlversity of ‘orth Dalota.
The locetion of all oll welle drilled to the bagerent are shown
on the bnee-ent base wep (Plate I)s Inecluded are all oil wells

known to have penetrated to the baserent ne of Jamary 1, 1948,

Geolosieal Survey (forth Dakota Ceolesienl Murvey Clreular Thusher
1957)s Basic data for the above wella are given im Appendinm X,

Date for ell United Stetes Ceolosleal Jurvey test water welle are
given in Appendix ITI, Data perteining to the latter wells have rot

17

The index munmbers of these wells are those enmployed by the North Dekote
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boen plotted on the baserent base xape

Hamerous weter welle ave sald to heve penetrated to the basesut
(Phillp Randich, oral cowminleation) in the Red River Valley, but
rel inble date are avallabls only on the Unlted States Ceelo;icel

0 Survey teet water welle (Appendix III),

Problen of Distributicne Inspection of the basewert buse =ap (Plate I)
will show thet the mejority of the oll exploretion welle which

penstrete to the baserent are located in & narrow belt extendins from
the Canadlan to the South Dakota borders and within lon:itude 98
desveee west to longitude 100 desrees west, A fow wells nre located
outelde of this merrow delt but they ere oo randonly seattered as

to be entirely leeking in good sawmpling and contouring contrel,
Hamerous water wells looated in the Fed River Valley entively lack
surface elevations,

A Any conelusive evidence which ey be derived frox a study of
thie type will need more welle penetrating to the baserent and

especielly rore wellas in the western and sout'ern parts of the state,

Yalid ity of Sasplege-In any study whore ile savples are taken from
well cuttings ratheyr than from fresh surface exposures, there ip e

certain degree of cortaninetions In deep wells this prodlen ig
manifolds Depths fro= whlch semples are derived sre calculated by

the return rate of the drillins mud end by the muvber of strings

of drill ste» pipes Some samples ray lag behind others in the drillinms
“mud and thus the csleulations as to the sample depth -ay he in error
by & muvbey of‘ feet, Throuyh usage drill ~iam pipe ray stretehy

hence, & etring of drill ste= pipe =ay he longer than it wes orligivslly.

g
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Untutentional devietions of the drill iols from the prevend leular
say onuse en ervor in depth reasuvevent of plus or mims 40 percont
(foharowekl, oral eorunientlon)sy lowever, rost wells in lorth Dalots
deviate vory 1ittle (Lalyd, personel cormmisstion)y The toet
relinble rotrod of plelkeing “or-ation tope 1s by use of the olestris
lore in sohinetion with the saplos.

Purther comtasinetion of sorples may arise fror verious soupces,
whether by deslirn or tivoush Lororance of ocd eavpling proctices
ig utnowns The driller sey sontaminate She sarples by not colleetine
then ot the proper tlue, plecin: tie wren: markinces on the sarple
basss or by plaeing the incorreet sacples in the sample bagse The
latter practice has boen krown to happen repeatedly (Yohanowell,
oral commnication), sepecially smons water well drillers.

£11 of the water well savples were mwot oxasined petro: rephleoally
by the writers BRaslo date for wetor wells reported to penetrate to
the bagerent by the United Stotos CGeolo leal “urvey as well as
partial well lo:s for thess wells are  iven in Appendix YIL, “lrenite"
and “docorposed ;renite” are placed in quotalion »arke to indleate
that the validity of thie doternination lg in question, In all cases
ware "lard® vook was encountered in the drillins of these water welle,
drillin: cenged ad 1t was ssoured by the delller timt the basewent
hed been reacheds Thore iz mo recorded wi&mm of an sttempt by the
drillers to ;ather samples of the basemrt "heard™ rocke.

Severs) of the published deseriptions of the base-ert roek
are held in guepleion by the writey, One water well in Pembima
Courty drilled in 1889 as voported by Xiine (Laird, 1941, p. 29)
bottoms in the Precavbrian (baserert) which is deseribed me beine




"blue srenite” interbedded with "white sand®s Seversl wolls in the
gentral part of the stete ae reported by leraldeon (1953) bottom
1o "sreenstone®. The writer was mot sble ¢ obsorve *sreenstone”,

althoush provided with the samo sazples.

20,
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PETROGRAPTY -

Gomposition of Lhe Begeuente-In very yenerel terme the composition
of the bagewent may be divided into three litholoylc eatesories,

The firet ;roup g thet of the westhered or "desorposed ;renite*
of the Red River Valleys The second rroup eouprises hnsle and imter-
mediate rocks (gebbro, dlorite, and mongonite), The third sroup le
the acld rocks (gramcdiorite, adawellite end gnuiu)'. Only one
metamorphic roek (amphibolite) was found by the writer,

For the weest part the grein size and the structursl fabric of 1

the baserent rocks cannot be sscertained due to the sizme and type

of samples obtained, Yhen sanples are obtained in which the grain
size is lese than 1/8 lneh in diswetor snd the ;rains are covpletely

diseagre;nted, it i1s only posaidble to determine the composition of

the parent rock frox a mineralogienl standpoint and the degree of

wentherings In order to deter=nime the fabric of the rock, samples

over 1/4 of an inch in dfazeter are neededs For the sbove reagon 5

several of tie rocks which the writer has deternined may setually

be gnelsees, 4
The composition of the baserent in the Red River Velley is

/hkon frow water vell driller's lops (U.8.0.5, open file reports) J

and from the aveileble ground water publ leatlonss This meterial is

presented in Apperdix IIT to sive as complete n covera e of the bepee

ment as ls possible at the present tlre, lecording to the water
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well logs the bagement in the Red River Valley is made up of "deconposed
granite® which has weathered toj; pink, blue, sreen, brown, white,
and black clayes The Cround ¥Water Branch of the United States
Geological Survey as reported by Fauleon (195%, pe 36) rsude electron
microscope determinations of t'e seumples from U B.Ce8 test hole 475
(Gees 205 Te 130 Hep e 47 We)e The findings of the United States
Geological Survey indlcate that the samples are couposed wainly of
keolin group clay =inerale (principally keolinite with a few tubes
of halloyeite present) end traces of quartz and feldepar,

A geologic map of the basement was conpiled by the writer to
show the distribution of basement lithologles (Fige 2)s It will be
noted from the baserenmt gseolosie map that there are no apprecieble
trends as to lithologic orientetion, with the exception of the
weathered zone slony the Fed River. All contacte between varioue
lithologieés are slown as inferred contacts (dasghed lines) owing to
poor sawmpling oommi. Large areas of the »ap are left blank where
the basement has not been sarpled, In addition to litlolosy, the
inferred baperment fmilis are shown on figure 2,

The baserent rocks of Jorth Dakota were ldentified by the
writer in accordance with the clessification piven by Williame,
et al. (1955)s This clmassificetion is based on the ratlo of alkell
feldepar to plagioclase feldspare On this basis trree divisions of
rocks are used; basic rocks contain up to 1/10 alksli feldepar, inter-
med inte rocks contain between 52 anmd 66 percent silicm, and acid rocke
contaln ut least 10 percent quertz and not lees than 1/8 alkell
feldspars In all cases due to the size of the available samples the

conrger-rrained rock nanes were used,
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By use of tle sbove claspifiention yabbre, a basic rock, was
found to contain up to 1/10 slkeli feldepar. Diorite, an interrediste
rock wae found to contnin less than 1/3 slkell feldsper. ‘Jommonite,
an interred inte rock was found to eonteln rove then 1/% and less than
2/% alkall feldsper and less than 10 percent quartz, Syenite, an
intermed inte rook;, comtalns rore than 2/% akleli feldspar but
less than 10 percent gquartz, z}nmdhrih; en ncid roek, conteins
woye than 1/8 end leee than 1/% slkall feldgpar. Adamellite, un
seld rock, contalne wore then 1/3 but lees than 2/% alkell feldspar,
Granite, - aeld roek, contolne ore them 2/% elkall feldspar.
tcoord ing to othey elenlﬂnﬂom. which were mot used for the
purposes of this report; monsonite conteining -ove than 10 percent
quartz 1s ternmed a querts ronzonite, Ny use of the clespifiention
followed in thie report a quarts ronzanite sonteine from 2 teo 10
percent quertz, If the rook conteine the proper ration of feldepare
to torn 1t & rommonite, Wt contalng over 10 percert quarts, it ig
termed adenellite.

From the published litereture it would geem that the beserent
roeks of Jorth Dakole are, in meny respects 1lke those of central
ard castern South Dakotas According to Stevenson (1978) the
Precasbrian of central and eastern South Dekota 1s doninated by twe
granitic maspep and a sreller dioritiec mames The bagenent of lorth
Dekota le dowlnated by two adamellite masses and by sveller seases of
diorite and sranites, The Precesbrian sranitea of the Plask Nille,
south Dakota (Taylor, 1935, ppe 278«291) are composed essentially
of tvo i¥nage The Marney Peal: (ranite ls o "flineerrained” ;renite

compo sad on.iontially of gquartr, alkaliec feldepars, mscovite, tour-aline,
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end gernety it is very lipit sray-white in colore 7The Little Elk
(neissoid Cranite is cowposed essentlially of quartz, feldapars and
biotite and is lipht srey in eolor, Aecording to the suthor these
two granites are very ensy to tell apart due to thelir distinetive
colors, In sddition tho’ isneous rocke expoped in the Hlaeck Hille in
the ares arourd Keyetone, South Dakotes are ;ranites;, closely sssoeinted
pelimatites and emphibel m;. On the basle of color alone,; the

Blaeck M1lls zrenitee are not like those found in the state of Torth
Dakota. for the most part ell of the forth Lekota basement rocks
are pink in color. From the few soree of lorth Dakota beperent rock
which are available, the writer is of the opinion thet the Plack
Mlls grenites which he hae seen in 8ito ere cosrser greimed than the
Horth Delota rockns,

In Sasbetohewsn (Parke and Anhlery 1996, ps 117) coree awd
semples of the baserewt in the lesdow Lake areey the rorthern edge
of the Williston Besing sre of pranitic rocks, folinted or gneissie
rockss (Quartz, feldsvare, Liotite end cccasionally hornblende
ere the main minerals. In the southern part of the province a wider
vutu\ty of minerals ave recognized, darker minersls belin; more
prominent, VYeathering in this ares 1s varieble and haia been
recoynized to & depth of 170 feet,

Becaugse of the many =ethode of roek claseifleation (wieroscopie,
merascople and ghemienl) 1t is wmgu diffieult to compare the
deseriptions of the warious suthove when they do rmot list the

percentazes of mineral eompositlons

Quantitstive ‘easurementge-ill available eamples of tle beserent
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rocks of lorth Dakota were examined with the petrographic ~iereoscope.
Prel iminary exemination of the earples was rade by the use of the
binooular wieroscope to deternine an initiel claesificntion ne to
rook types PFetrosraphic exaninetions were conducted by ~eans of the
Hoinrich method exeept when 1t wae found desirsble to cut thin
sections,

Percentages of rineral composition were deternined as ;iven
in Apperdix II by teking en sversge of three ;rein counts per
sanple end recording the total avere e percentace, T4 hag been found
by the writer that ome urein ecoumt would be sufficiently sceurste for
determinntione of this type,

In their order of ocecurrance only one well was found %o comtein
amphibolites This amphibolite 1p found in well mucber 15 and s
conposed of 40 percent potespium feldspar, 37 percent hornblende,

9 peresent ﬁuartu. 7 percent pyrite, 5 perecent biotite mics, 2 percent
miscovite nice and 1 percent sphene,

Yell mumber 20 waa found to contsin an extreme thickness of
weathered quartzite, It is quite poseible that this quartsite might
be equivelent to the Sloux guartzite of southesstern South Dakota,
and esutiwestern Minmssstes The muterial frew Shie well So eonpistely
disag regated, It ig corposed of; 50 percent quartz (oryetalline),
20 pereent bictite, 15 percent plogioel#u, 16 percent hornblende,
and 2 percent amorthoclase faldspar,

Only well mumbey 408 was found to oont.airg qnmdbri‘h.‘; The
sranodiorite from thie well conta 1M; ’59 rereont pntunﬁm feldsper,
27 peveent quertz, 23 pevcent ksolinite, € percent plasicelane feldspar,

2 percent wagmetite and 1 percent sarnet, biotite nica end sphene,
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The presence of the relatively larpge arount of keolinite (2% percent)
would indicate that theore hms been quite a bit of weathering or
hydrother-al slteration in this ares,

wells mumber 23, 24, and 120 were found to contaln pedbro,

The avera e ypabbro from these three wells would contain *6 percent
potasslum feldspar, 50 percent quartg, 7 percent blotite, ¥ percent
plagioclane feldepar, 2 percent sphene, and 1 perecent magnetite,
hornblende erd aurite,

Five wells wers found tc conteln monmonites The mommonite from
wells rumber 227, 403, %1%, 700 and 1385 hms an averaye cemposition
ofs 41 perecent emothoclase feldeper, 32 percent playivelase feldspar,
25 percent potagsium feldepary 6 percent quartz, 2 percent magnetite,

1 percent gphene end ;ernet,

fixteen wells wore found to contein ysranites The ;ranite from
vall'a rmzber 16, 19, 20, 27, %8, 89, 151, 155, 246, 3%4, %00, 406,
407, 572y 500y nnd 706 hme an average composition ofs %6 percent quarts,
34 peresst potaspium feldgpary, § percemt blotite, amd 1 percent augite,
carnet and ephene.

Elshteen welle were found to contalin querts dlorite, The quartz
dlorite from welle mucer %9, 40, 83, 94, 171, 207, 279, 295, %16,

3838, 434, L2s, 6hh, 670, 671, 672, 12%1; avd 13%%6 has en sverage
eompoeition o{‘; 50 perecent poteesiun faldepay; 30 percent quarts,
11 nereent plagioclase feldsper, 10 pevcent biotite mica, and 1
poreent leunoxens, epatite, ;arnet, sphene, chlorite, surite and
anorthoclase feldepar,

Twermty-two wells were fourd to contain edavellite, The sdemellite

from welle rmuntey 5. A59 1%. 15’" 1913, 196. 2‘11, ‘“57, 620. 621, 622,
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632, 668, 669, 673, 768, 1112, 1211, 1274, 1794, =md 1415 hee en
aversre composition of's 46 percenmt -uarts, 3% percemt potassiuw
feldepar, 10 percent plagloclase, 2 percent anortioclese feldsper,

6 percent bhilotite nioca, 2 percent hormblende, nnd 1 percent ~uscovite

ziee, "frnotite and parnet,
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CoOCLUg IO N

This gtudy of the mature of the ‘orth Dekota besement rocks le
1init%ed to inforwetion derived fro= well sarples. In Jorth Dakots the
study of the bmserent is hindered by heving very few wells penetretin;
to the baperent, not all of which are loceted so ne to [ ive styucturesl
control. Lerge aress of the etate, guch me the ares south of the
“Lesourl River corpletely lagk wells which penetrete to the bagerert,

The surfsce of the bagerent of Torth Dakota is basin shaped
axd may be deseridbed se an sutogeesyncline, Only the Sanish feult
may have any bearing on the probles at hand, Thig feult lg mortiwesti- ’:
southenst trending end is locnted in the "E 1/4, Ts 154 ey Py 98 U4y
approximately two =ileas espt of iofflund, ¥illiams county, the
southesstern extre:e of this foult is located in the 82 ll/’t,

Bees 56, To 152 U4y e 4 Wey mpproxivately € ~iles southwest of
Verendrye ‘mtlonal ‘pru~ent, ‘elenzle countys Yhether this fault
exterde to the basement ig unknown at the present tire but it ig the
writer's opinion timt it vey be the refleeticn of bagerent struetuve,
Three inferrei faults are tioucht to exists 1.) an esstewest trending
feult between the towng of Clenfield and Carrington in Foster courty,
2, a Pault 6 nileg vorth of the town of Hfflund in ¥Willlame cournty,
the “r  and dip 2f this fault ax;e urdcrown and 3.) a foult 8 =ilee
north of the tou: o lbofflund in Willlems county, the tremd ard the

é7: « this feult are urkrown,
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‘ topd etructural control exists in a narrow belt extending
| fron lon;itude 98 dorees west to lon-itude 100 decress west aod
from the Cemedlan to the South Dakote border,

Secples of baserent roclk were obtalined fro= oil exploration wells
. which penetrate to the basevent, Idertification of these saxples was
by optical rwans avd the classification used was that of Willisme,
Turner and “ilbert, who bace thely classification on feldspar retios,
fwenty-two wellp peretrate to aderellite, 18 to diorite, 16 %o ;ranite,
5 to vongonite,; 7 to ;ebhroy 1 to sramdiorite, 1 to arphibelite,
ard 1 to quartzite, vYeathering of the baserert rocks ls very intense
in the fed River Valley and no samples of fresh rock lsve been
obtained to the writer's krowled e,

Sanples obtained frow oll wells whleh penetrate to the basenent
ave validy howover, Lroy have the &lssdvarntare thet rest of the
materiel 1s very emll in size and few core serples exist,

Lar;e portions of the lorth Deketa baserent are unkmown due
to the lack of wells penetrating to a sufficlent depib arnd to tiw
1nck of any type of we).i spacing for jood emspling controls
Purther exploration of the baserent =ay vreveal various types of
gtructure which would indleate the snet likely places to drill Tor
oils ’
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