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North Dakota’s Precambrian basement consists of various igneous and metamorphic rocks (e.g. granite
and schist) that underlay the oil and gas bearing sedimentary layers of the Williston Basin (Fig. 1).
Many of the significant structures within the Williston Basin (e.g. Nesson Anticline) formed through
basement block faulting.

= Explanatlon. Beginning in the early 1960’s, six different studies have produced 35 radiometric ages from 16
War r- ?a’é?g;t?ﬁﬂ%%ﬁmt?ngt %feﬁ[iféul!geig%e’famorphm Precambrian basement samples from across North Dakota (Fig. 1, Table 1). The first radiometric dating
N _ o 9 _ .g . study that included North Dakota was completed by Burwash et al. (1962), while the last similar study
e - ¥;fh%§t_lldg;%”;aé'gdgggSIOZT;L}" Superior- was completed by Sims et al. (1991). Sims et al. (1991) recalculated several of the previously published
E_Lf?gt))?gsiezg Ma * . y ‘ . | radiometric ages, produced several new ages, and reviewed most of the radiometric ages from North
Sm-Nd (WR): 2.68 Ga _ - ﬁyzggtee-monqggﬂgﬁ c?}_élgf%"‘]ll“te metamorphic facies Dakota’s Precambrian basement.
§ Relatively dense rocks in central magnetic region- Depending upon the radioactive isotope system involved, the material analyzed, and the geologic
[ ] 2 < - Possibly intermediate-mafic volcanic rocks mainly history of a rock sample, a radiometric age may correlate with one of several types of geologic events,
War - g nﬁféﬁgﬁk é of Early Proterozoic age including: initial crustal-formation/crustal-extraction (e.g. Sm-Nd whole rock ages), metamorphism
F-T (Ap): 542 + 22 Ma © Relatively dense rocks in western magnetic region- (e.g. K-Ar biotite ages), or exhumation (e.g. fission track apatite ages). Some types of radiometric ages,
§ 2'3::;;23 Srant - - EPEZ'R;",;E;?;?S?S{Etgg,';‘aﬁc volcanic rocks mainly however, are not very reliable and can be meaningless (e.g. Rb-Sr age dates, especially from individual
o & F-T(Ap):471+ 19 Ma Wgr . _ , mineral sets such as k-feldspar).
, @, Rb-Sr (WR): 2.72 £ 0.16 Ga ] i Xw Arc-derived rocks and back-arc basin deposits of - _ _ ) .
Q E’%":;‘)_%’:;‘fz"; - western magnetic region and scattered Archean crust The various radiometric ages produced from North Dakota’s Precambrian basement reveal several
; - Arc-derived rocks of central magnetic region significant, widespread geologic events. North Dakota’s Precambrian basement consists of pieces of
S A Gglgdt::rge _— / . with scattered Archean crust crust ;c]hat(formezd s)e?;rately b(letw;gn )2.2 and 2.9 Ga (Il?\i”ioﬂ yealrs ago)(ljoefore being accTeted (mergid)
o b. ' 5 } a . together (Figs. 2-4) (Sims et al., 1991). Eastern North Dakota last underwent regional metamorphic
K 2 el - Rapis of suparior-Trans-Hudson boundary 2one activity approximately 2.4 Ga (Figs. 3-4) while western North Dakota last underwent regional
) War ° - Gneissic rocks (metamorphosed granitic metamorphic-tectonic activity during the Trans-Hudson Orogeny at 1.8-1.6 Ga (Figs. 2-3) (Sims et al.,
rocks) 1991). Poorly understood thermal-igneous activity may have occurred along the Nesson Anticline during
Xw War Granite to tonalite of 2650-2750 Ma age 1.0 Ga to 0.5 Ga (Figs. 2-3) (Sims et al., 1991) and northeastern North Dakota underwent exhumation
i K g group (uplift and erosion) from about 554 Ma to 471 Ma (million years ago) (Fig. 3-4) (Crowely et al., 1985).
% % - o 6.%: - tdoﬁgﬂggggcs%jcskg?ignc%[?gl%ig?ﬁatic Nestheim (2011) c?ffers.a general reyigw of radiome_ztric dating gnd discussgs many Qf the_ older
& it i_< . . . radiometric ages listed in Table 1. Dickin (2005) provides a more in depth review and discussion for
o -% Wif E‘nae?g\?é: é;%?éf?o"é‘kit'on and interbedded most radiometric dating methods.
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Figure 1. Precambrian basement map of North Dakota with well locations from which Precambrian samples were collected and analyzed to produce radiometric ages. The Precambrian geology is borrowed from Sims et al. (1991). The light grey labeled lines are structure contours on the Precambrian surface (Heck, 1988). Abbreviations include: bt = biotite,
crd = cordierite, ep = epidote, KF = potassium feldspar, grt = garnet, hbl = hornblende, hyp = hypersthene, qtz = quartz, zrn = zircon, WR = whole rock, and F-T = fission track, K-Ar = potassium-argon, Rb-Sr = rubidium-strontium, Sm-Nd = samarium-neodymium, U-Pb = uranium-lead.
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Figure 2. Closure temperature versus radiometric age diagram for Precambrian samples from western North Dakota. The Precambrian basement . Figure 4. Closure temperature versus radiometric age diagram for Precambrian samples from eastern North Dakota (Superior Craton). The zzzg zzggigg‘;gggggg :‘I::Irgc_'la /:A";ft';lii l;:"‘ A"1 :z-géi; 'igi-;;‘z‘; 314 122 m 23 a . (9(1);1)2;76) :fl-:'tvpniljzss . 672-+1Z)§2 _ in;\-rNd model age \;/::iz Rock g::;:;:r}:n:::on 212 Zt :: iggi
. . . . . E : : : PR : i - . -101. 5 | - - i .67 +0. - ioti i i o
beneath the western portion of the state consists of geologic terranes that formed independently of one another during the late Archean through 4.0 Precambrian basement beneath the eastern part of the state consists of the Superior Craton which initially formed during the late Archean . £ ENZ. = o .
. R . R . ~ . . . .. . . . 6349( 33075007300000|Shell Oil Mott #14-34 48.9819| -101.9520| 34 | 164 N.| 87 W. | ?(9050-9476) |Bt-grt gneiss 1.68 £ 0.04 Ga |Rb-Sr Biotite Metamorphism Sim et al., 1991
the early Proterozoic (2.9-2.2 Ga). These separately formed geologic terranes were merged together and accreted to the Superior Craton during the {c initial farmation of e gelogicterrane bineath (~2.7 Ga). The final phase of regional tectonic activity (metamorphism and deformation) across the Superior Craton of eastern North Dakota ol e s e G Osterberg 22X 1 28.8029 -101.6418| 1 |161N.| 85 W. | 2 (9310:9509) [Hyp granulite e E Matamorphism T
Trans-Hudson Orogeny in the middle Proterozoic (1.8-1.6 Ga). Poorly understood igneous and/or metamorphic activity occurred along the northern 1< aeitial Rerwille Caniny (TransHdson] concluded during the early Proterozoic (2.4 Ga). Uplift and erosion (exhumation) later took place throughout the northeastern corner of the 9522[ 33009015540000|Coastal O&G |Bjornseth #12-21 48.7570] -100.6613] 21 [161N.| 77 W. | (6600-6626) |Bt Gneiss 2.76Ga _ |Sm-Nd model age [Whole Rock |Crustal-Formation  |Sim et al., 1991
portions of the present day Nesson Anticline during the Neoproterozoic (1.0-0.5 Ga). e state, and possibly all of North Dakota, during the late Proterozoic-early Phanerozoic, just prior to the beginning of deposition of Williston Basin
454 Initial Formation of Earth sediments. Table 1. Summary of radiometric ages from North Dakota’s Precambrian basement. The radiometric ages are color coated based on their geologic significance: red = age of initial crustal-formation and/or

crystallization, green = age of metamorphism, brown = age of exhumation (uplift and erosion), and blue = insignificant age. Rb-Sr ages tend to be insignificant because the Rb-Sr radioactive isotopic system tends
to be unreliable (Dickin, 2005). The fission track ages from Amerada Petroleum’s Iverson-Nelson Unit #1 and Bert Henry #4 are considered insignificant because the analyzed samples were collected from depths
with temperatures near or above the Fission Track closure temperature of Apatite. Mineral abbreviations include: bt = biotite, crd = cordierite, ep = epidote, grt = garnet, hbl = hornblende, hyp = hypersthene, gtz =
guartz. *Radiometric age revised by Sims et al., 1991. **Calculated with a Rb-Sr half-life of 50.0 b.y. (billion years), which is slightly older than the Rb-Sr half-life currently used (48.8 b.y. - Dickin, 2005). Therefore,
the reported age is probably too old by ~0.05 Ga and should be ~2.67 Ga.

Figure 3. Geologic time scale with the timing of events for North Dakota’s
Precambrian basement based on previously reported radiometric ages.




