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Potential-field data, with its excellent spatial coverage, used in combination with seismic imaging, - g B o2 '°8.‘°°g°§ S%Z,oj , 38 - - -

can help to illuminate basement and upper- to mid-crustal structures, especially igneous rock ggg; : %30?3&;: Proflle T- Savannah River National Laboratory e A major crustal boundary exists to the SE of profiles 1 and 2 line sepa rating
bodies associated with the Alleghanian orogeny and features attributed to subsequent continental N 3§§§:go‘? 5’2‘: ¥ 100 Kilomolis . . . . . .

rifting. The nature of the metamorphic and igneous basement rocks underlying coastal-plain A A cogy Cotedeces, “ /\R Triassic sediments from a structural high comprised of metamorphic rocks
sediments along the southern portion of the Eastern No_rth American passive_margin IS poorly_ o0 i g:; : o e xﬂﬁ and mafic igneous intrusions. The boundary goes down to ~8 km depth, and
constrained. These rocks record the large-scale geologic processes responsible for the evolution ST TR AR RS e e 8 . . . .

of continental lithosphere spanning a Wilson cycle, including continental assembly, mountain ab — - ' could be the master normal fault bounding the South Georgia Rift Basin to
building, continental rifting, and post-rift passive-margin evolution. In order to better characterize ONZD 40 ) O Hlomeiprs N . : .. :

these rocks, maps and two-dimensional cross-section models, constrained by deep-well and o _ : the NW. This fault also coincides with the Orangeburg escarpment locally..
seismic data, are being developed for the basement beneath the South Carolina Coastal Plain by B 23 “‘w AN " R

forward and inverse modeling of the aeromagnetic and gravity fields. Exploratory data analysis - B o rrsoserom [ e sscrasamigaon T ey, [T . . . . .

and a quality assessment have been performed on gridded aeromagnetic data and land gravity T [ — S ) _  With large gravity and magnetic contrasts we estimate 3D geometries for
data. A database of rock properties, including densities and magnetic susceptibilities, is being N N - A
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mafic intrusives CAMP? (Barnwell, Santee, Clubhouse Crossroads, Beaufort
Pluton). Depths to intrusives ~400 m, thicknesses ~2 km, and conduits as
deep as 6 km.

compiled from publications and ongoing lab analyses. Prior to inversion of the non-unique
potential-field data, two-dimensional density/magnetic forward models are being developed with
deep-well, seismic reflection and refraction data control, to better constrain inverse models.
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Three crustal profiles traverse the South Georgia and Dunbarton rift basins, where interpretation is
constrained by wells to basement, as well as 20 two-dimensional seismic reflection lines, and two
seismic refraction surveys. The profiles are ideal because they cross major regional tectonic and
geologic elements, including Paleozoic faults, Triassic rift basins, plutons, and mafic dikes, and
because high densities and magnetic susceptibilities allow estimation of rock volumes, areal
extent, and depth of mafic plutons associated with continental rifting and the Central Atlantic
Magmatic Province (CAMP). The coastal-plain basement maps and profiles will also assist
assessment of the potential for CO2 sequestration and geothermal-power generation in and near

the rift basins.
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* \We estimate geometries for the Graniteville Pluton and Springfield Granite
(Depth to granite < 100 m, thickness ~ 2.5 km - 3.5 km, conduits to 6 km
depth). We have also interpreted the coastal gravity low as a Coastal
Granite, which has implications for the N boundary of the SGR basin.

[

L L) L L T L L) L] T L L L 3 L] L] L E g LD T L] L L] Ll L w
o 10 =20 30 40 50 (=1 ] ol & =0 90 L O 110 120 130 L0

Crust Layer2
O=2.55, 5=0

Depth
meters

e The Dunbarton Basin is a less than 1.5 km deep asymmetric down to the
NW basin, bounded by the NE-SW striking, SE dipping Pen Branch Fault.

Profile 2 - Seisdatad

The rocks buried beneath the coastal plain of the Carolinas and Georgia record all of the major

tectonic events responsible for shaping the eastern North American margin spanning a Wilson N ALl PN _ gl
cycle: island arc accretion and continental collision around 290 Ma to form the super continent ; 7 A y oL~ Y FUtu r'e WO r'k
Pangea; continental rifting and the initiation of seafloor spreading beginning around 230 Ma; and ' : T I N e
the emplacement of CAMP, a large igneous province, around 200 Ma. This record consists of N e e ' ; "" tE AN  Given the study area and the regional scale of the Basement Mapping
Paleozoic faults, sutures and granitic plutons; and Mesozoic mafic igneous intrusions and failed rift _ - TSR T , o ,
basins. Constraining the geometries, relative timing, and possible relationships among these 0 it Rlompters | 5 Project, the utilization of EarthScope and GeoPRISMS data and the
features is a primary objective of this research. T S S5 ; = Seraal _ . miserre = ' Profiles 1-3 and Inversion Maps: Profile 1 traverses the : : : :
¢ e 3 - : — Graniteville Pluton. Dunbarton Basin. Barmwell Mafics. and development of partnerships are major objectives of the research effort.
- - Gl e e - the SGR basin. The basin bounding fault of the SGR * The acquisition of additional geophysical data, particularly regional seismic
a p p I n g e u rl e as e m e n O a- . coincides with a major discontinuity in crustal velocity down . . . .
Figure 1: Top Left — A map showing the different USGS aeromagnetic surveys for South Carolina. The average flight line spacing is one mile. N | | | to 8 km observed in the SEISmIC refraction data, and FEfra ction experlments, IS NeCessa ry because Of the power Of these data N
0 . : . . L . : . : : . corresponds to the topographical Orangeburg Escarpment. o . .
t e oasta a I n Top Right — A map showing the locations of land gravity stations in South Carolina. Average station spacing in the Piedmont is approximately 6 The Barnwell Mafics take the form of a laterally extensive Constralnlng pOte ntlal fleld forwa rd models. The funded NSF and
km, whereas the average station spacing in the Coastal Plain is 3 km. Middle — The initial Savannah River National Laboratory two sheet with 2 conduits down to 6 km. The Dunbarton Basin is . o .
dimensional forward model was calibrated using a 120-km-long seismic refraction survey profile (Luetgert et al., 1991). Major model blocks Bsckground oo JMODOC o jpwensiiadbalicgmensss df 0RG-391 (proi12sfi dROAG TGS 0Rc461 (pror04) i COLspmerts bisneas) pror2r7) Jf BRoemsapropmpproion) a less than 1.5 km deep asymmetric down to the NW basin, Ea rthSCOpe SUGAR experi ments by Sh I I I | ngton, Lizarra Ide, d nd Ha rder cou Id
Because seismic and borehole data coverage in the coastal plain is sparse, potential field data, coincide with major crustal boundaries identified from the refraction experiment. Bottom Left — A map show the locations of boreholes to - c. B s e -:,4w bounded by the Pen Branch Fault. Profile 2 is located be USEd fOI’ thiS UrDOSE
with its excellent spatial coverage of the southern Atlantic margin of eastern North America, can be basement in South Carolina. The database was rich in the vicinity of the Savannah River National Laboratory, lending significant constraint on i — ‘ﬁ\ — parallel to the Seisdata4 2D seismic reflection profile. It purp )
used in concert with other geologic and geophysical constraints to develop a basement surface the initial 2D forward profile (Profile 1). Bottom Right — Profile 1 was also constrained by a ~35km seismic reflection profile, SRS 7. The traverses the Springfield Granite Pluton, Santee Mafics, the e Forward and inverse models will be extended from the initial focus on
map including depth to basement and basement geology. The high density and magnetic seismic section is recorded in time down to 12 seconds. Prominent mid-crustal reflectors were used to define the shape of Crust Layer 1 ‘ S SGR basin, and the Clubhouse Crossroads Mafics. Based on _ . . _ . _
susceptibility contrasts among metamorphic country rock, granitic plutons, mafic intrusions, and under and adjacent to the Dunbarton Basin. _ ‘ e E;grc;gaernigtg;gfcl):‘if?erﬁ\a”:geas?%rgsle)& gfaﬁﬁgg%fr']e:ﬁeGgggiéem SOUth CarOhna to North CarO“na and GEOrgIa, Where pOtent|a| fleld data is
Triassic se_dlme_nts permit, to_ the first ord_er, th_e reliable modeling of the depth, thlcknes_s, and areal | margin of North America. The Santee mafics are interpreted equa”y rich, to develop 3 |arger regional understanding of major geologic
extent of intrusive rock bodies and major mid- to upper-crustal contacts or boundaries. Several 10 be within the SGR basin or sub-basins. but could instead .
two-dimensional cross-section forward models constrained by seismic refraction and reflection correspond to Gabbros within the metamérphosed Paleozoic and tectonic elements.
surveys as well as deep wells are being developed. Euler and Werner deconvolution will be used Piedmont terranes. The Clubhouse Crossroads Mafics are ey ys : :
to invert the potential field data in three dimensions, allowing for mapping of the basement surface, models as laterally extensive thin sills or flows fed by a * Acquisition of additional lab and field data to better constrain rock
structure, and geology. relatively shallow conduit. The USGS Clubhouse Crossroads densities and magnetic susceptibilities, as well as rock ages is necessary to
boreholes confirm the existence of one of the few known _ _ ) o . . .
These maps and models could help better resolve a variety of fundamental questions relating to Basalt flows within the SGR basin. Profile 3 is strike better illuminate issues related to rifting and passive margin evolution.

oriented and traverses the Beaufort Pluton, the SGR basin,

Paleozoic accretion and orogenesis, as well as Mesozoic rift initiation and evolution. Numerical | |
and a large coastal Granite. The magnetic anomaly

modeling estimates that a force of ~30 TeraN may be required to rupture strong, cold, continental

lithosphere (Buck, 2004), but only ~3-5 TeraN are available from plate tectonics (Bott, 1991). Two as?o§|_ateld W'tg tf;e Bh‘?ar‘:fort PL“tO” ]ls dc%rjsll\i?nt V¥,'th ﬁldee%
mechanisms proposed to overcome this apparent paradox are pre-existing structure (Tommasi %\:\?s r.'ﬁ?e %(c))r;sltj;f gr;ﬁitemﬁgs a\r/eevigusl been”}ﬁt:r Sl're‘:’e%” Refe re n ce s
and Vauchez, 2001; Dunbar and Sawyer, 1989) and magmatism (Buck, 2004; Bialas et al., 2010). e oo ' . » 1aS Previousty pre
A|th0ugh many riftS and passive margins formed by Continental eXtenSion dO appear to COinCide . . L S L T ML . Y LLLL '----.""""'"“-“".““"----.._ "$74.6903 ouse Clc 03 as @ SUb-l?a.S”'] Of the SGR (Ta!Wanl), bUt f.orward .rnOde“n,g Bialas, R. W., W. R. Buck, and R. Qin, 2010, How much magma is required to rift a continent?, Earth
th e d/ | St tal struct h ative i ; £ h ¥bhous & suggests it is more likely a buried Paleozoic Granite outside Planet. Sci. Lett., 292, 68-78.
W magma St an Or veeur d Ong pre_eXIS Ing‘ c';rus ar s ures, © Ielalive Impor anee o ©S¢ e — Of the basin boundary' The Inversion Maps above present Bott, M. H. P. (1991), Sublithospheric loading and plate-boundary forces, Phil. Trans. Royal Soc
and other factors remain poorly understood (Shillington, 2012). Maps and models developed here 55,8574 | the first known 3D inversion results for the SGR basin. The oot M1 R (o) P gandp v forces, Phil. Trans. Royal Soc.
could help locate and predict the shape of major crustal boundaries as well as igneous intrusions. 2y * Euler 3D inversion of the magnetic field was performed with ek WER. 200 Comeoatoncos of acthonoshoric variabilty o contiental ffin - oclom and deformation of the [thosohere at continental mareine. eds. Karmer 6.5, Tavlor 8. Bricc
. . . . . . . uck, W.R., ) u ic variabili i ifting, i i i i ins, eds. . G.D., . B., Driscoll,
Given recent reinterpretations of the J-Reflector (Hefner et al., 2012) raising questions about the I » - a structural index of zero and a uncertainty of 15%. Several N, Kohlatedt, b. 130, Columbia Uiveraity Press, New York. ° . P ° !
connection between Clubhouse Crossroads Basalt and the Seaward Dipping Reflectors (SDRs) - coherent features and fabrics exist, including the boundaries | | o S | | | | | |
. . . . . . ERR=1.E14 . . . Daniels, D.L., Zietz, |., and Popenoe, P., 1983, Distribution of subsurface lower Mesozoic rocks in the southeastern United States as interpreted from regional aeromagnetic and gravity maps, in
and the preserved al’eal eXtent Of CAMP IN the SOUth Georg|a R|ft BaS|n, th|S prOjeCt COUld aISO 37.0246 b IR UL L e Of the Dunbartoln BaS|n, alcandldate for the N boundlng fau_lt Gohn, G.S., ed., Studies related to the Charleston, South Carolina, earthquake of 1886—Tectonics and seismicity: U.S. Geological Survey Professional Paper 1313, p. K1-K24.
help tO |”Um|nate and better reSO|Ve the relat|0nSh|p among ”ftmg, CAM Pa and the SDRS i Of theSGR baSIn’ the C.)Ut“nes Of e.XpOS.ed and burled Qranlte Hames, W.E., Renne, P.R., and Ruppel, C., 2000, New evidence for geologically instantaneous emplacement of earliest Jurassic Central Atlantic magmatic province basalts on the North
intrusives, and the outlines of mafic units within and adjacent American margin: Geology, v. 28, p. 859-862.
fommeo s B : ggisvtgri I s e e R - B B AT e e A i e nenaenans - . to the SGR basin. Several diabase dikes are also visible in f | ] ; f AN i — | . o
a a : e L : 2 - e D=2.63, 5=0 /}_i 0. the inverSion reSUItS. These dikeS appear tO have at |eaSt tWO Hefner, D.M., Knapp, J.H., Martins, O.M., and Knapp, C.C., 2012, Preserved extent of Jurassic flood basalt in the South Georgia Rift: A new interpretation of the J-Horizon: Geology, v. 40, p167-170.
. o \% different strikes and exhibit CrOSSCUtting relationships_ The Marzoli, A., Renne, P.R., Piccirillo, E.M., Ernesto, M., Bellieni, G., and De-Min, A., 1999, Extensive
Crust a2 . StrUCturaI Features Map at |eft Summaries interpretations 200-million-year-old continental flood basalts of the Central Atlantic Magmatic Province: Science, v. 284, p. 616—618.
e Gridded aeromagnetic data set (DanielS, USGS) 30.2000 D=2, 50 > N made on the basis of the three 2D forward model prof”es and McBride, J.H., 1991, Constraints on the structure and tectonic development of the early Mesozoic South Georgia Rift, southeastern United States; seismic reflection data processing and
= the Euler 3D inversion results. The major features interpretation: Tectonics, v. 10, p. 10651083
° Land Gravity Data Set (HOward, SCGS) . | . jg'3068 mentioned above are included a|0ng Wlth the Conduits Where McE'Sride,J.H., Nglson, K.I?.,and Brown, L.D., 1989, Evidence and implications of an extensive Mesozoic rift basin and basalt/diabase sequence beneath the southeast Coastal Plain: Geological
(IJ | 2]5 | 510 T 1(I)0 Kilometers PO Kilometers gg - ‘ present for igneOUS bOdieS. Addlthna”y, the faUItS bounding Society of America Bulletin, v. 101, p. 512-520.
° 1 20_km_|ong SeismiC refraCtion prOfile (Luetgert, 1 991 ) _J | . “ | | the Dunbarton BaSin and pOtentiaI baSin bOU nding faUItS fOr Olsen, P.E.,. Kent, D.V., Et-Touhami, M., and Puffer, J., 200.3, Cyclo-, rr.1agnet.o-, and b'io-stratigraphic constraints on the dur.ation of the CAMP e.vent and its relationship to the Triassic-Jurassic
= Copyright: ©2013 Esri, DeLommelNAVZIIEQ CopYight4©2013 Esri, Del orme, NAVTEQ e the SGR baSin are Shown in red. Appearing in ye”OW are the boundary, in Hames, W.E., et al., eds., The Central Atlantic Magmatic Province: Insights from fragments of Pangea: American Geophysical Union Geophysical Monograph 136, p. 7-32.
. . ) ) ) . _ . . . maijor dikes identified from the inversion results. This ma Schlische, R.W., Withjack, M.O., and Olsen, P.E., 2003, Relative timing of CAMP, rifting continental breakup, and basin inversion: Tectonic significance, in Hames, W.E., et al., eds., The Central
« Database of 48 boreholes to basement (Howard, SCGS) Figure 2: Gravity map of the study area, including the Figure 3: Magnetic map of the study area, with profile 0 26 50 J hesis of aeologi veical P Atlantic Magmatic Province: Ineiahts from fragments of Pangea: American Geophysical Union Geophysical Monograph 136, p. 33-59
: . . - : . . . : : : | | represents a synthesis of geologic and geophysical data and
location of Profiles 1-3 and profile deviations. The inset locations. The magnetic low intersecting Profile 1, shown in | et 1 il orovides a first order constraint on major features of the G o et o
. . . . . . . o ] ] ) ] ) ] ) illington, D., arthScope Proposa ,, accessed May 1, :
« Seisdata4 and SRS-7 2D seismic reflection profiles (Savannah River National Laboratory) shows the study area within South Carolina. The gravity lows blue, is the Dunbarton Basin. The magnetic highs, shown in : : : i PeTTEP Y
are shown in blue. The gravity highs are shown in red red, correspond to the interpreted mafic igneous intrusions Copyright:©2013 Esri, Del-orme INAVIEQ buried base_ment of the southeast Atlantic margin of eastern Tommasi, A., and A. Vauchez (2001), Continental rifting parallel to ancient collisional belts: an effect of
. g Yy NIg . ’ P P g . ' : ’ North America. the mechanical anisotropy of the lithospheric mantle, Earth Planet. Sci. Lett., 185, 199-210.

» Database of rock properties from literature review and lab measurements
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