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Deep River basin. They proposed that uplift of the batholith formed a highland area from which an alluvial fan extended at least to the western edge of the 40— | X usaonz which would form at temperatures of approximately 150 +/- 50°C. Ambient temperatures estern border Tau SedlmentOlOglCaI |nveSt|gat|0nS. Howeve I, less
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The National Uranium Resource Evaluation (NURE) program was initiated by the Atomic Energy Commission (AEC) in 1973 with a primary goal of identifying The present study extends this hypothesis using published geochronological and geobarometric data, and examines the uplift history of the Rolesville 1000 4 @ smpson#1 |- other activity in this area since middle Mesozoic time, it is likely that the heat necessary for sediments
. . . . . . . . . . . . . . . ] O V. R Groce #1 hydrothermal solutions to produce these minerals came from the dikes. (Reference 2.5.3- .
uranium resources in the United States. The program ended in1983. Two major phases of the program included sampling and analysis of stream sediment batholith during the Permian and Triassic periods. Key events are as follows: 50 _ a saerss | 505) Itis possible that some of these secondary minerals were formed during a later burial Fe %
and groundwater in many areas of the United States. This study utilizes stream sediment data. There were 397,609 stream sediment samples collected and g o I metamorphic event, rather than by deuteric hydrothermal activity. If this is the case, then ~100 mesh stream sediment
. . . . . . . < ] continued downfaulting of the graben and sediment accumulation must have buried the
analyzed for the United States (Smith, 1997). 1. Intrusion of Rolesville granite at 300 Ma. Rocks now exposed at the surface crystallized at an estimated depth of 12 km. 12.5 g | 1 dikes much deeper than the level of crystallization. Assuming a high geothermal gradient E 1‘3 : : :
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Elements of interest in minus 1.00 mesh st_ream sediment include Th, REE, K, _Fe, and Ti. The Durham sub-basin and the Rolesvn!e batholith are enrlch.ed in 2. Biotite age of 255 Ma suggests that depth of crystallization had risen to 7.5 — 10 km below the existing surface. The uplift probably occurred on faults 5 | Mesozoic time. The Jurassic burial-metamorphic event, more than 150 Ma, is the only O e can rov|de Imbortant |nformat|0n on the structu ral
Th, REE, and K, and depleted in Fe and Ti compared to the rocks of the Carolina, Falls Lake, Raleigh and Crabtree terranes that lies between these units. along the margin of the granite batholith. Ol 2000 1 L such event recorded in the dike rocks (as paleomagnetic chemical remanent magnetization E 3 p p
Monazite has been identified in the Rolesville batholith, and the La/Th ratios are consistent with that of monazite in both the Rolesville batholith and the m ; 1 [CRMI) arChiteCtU re Of the baSinS that COUld be Of importance
Durham sub-basin. The La/Th ratio in rocks surrounding the basin are much higher, and out of the normal range of monazite. Consequently, La and Th likely 3. Uplift continued throughout most of the Triassic, and when downdrop occurred along the eastern edge of the Durham sub-basin (this includes the _ _ _ _ . _ 3000 1 1 From: http://pbadupws.nrc.gov/docs/ML0O900/ML090070289. pdf _ _ _ _ _ _
reside in different minerals in these rock units. Jonesboro and other faults near the eastern margin) at 235 Ma, basal sediment in the alluvial fan was captured and preserved within the basin. Later, as S - Here is the geothermal gradient as it exists today. Higher values occur in § IN eXplOrathn for oill and gas. This StUdy also indicates
sedimentation occurred within the basin, downdrop along the eastern margin influenced facies relationships, and lacustrine deposits formed during periods areas where magma is near the surface (e.g., Yellowstone) or where heat flow 4000 | ! The Dan River basin is shown in red. It is a half araben like the Durham sub-basin. but in thi e fault is on the west th t d bl Ift f L t P | - t
: : . : : . . . : . : . : : : _ _ _ _ _ _ _ ' e Dan River basin is shown in red. Itis a half graben like the Durham sub-basin, but in this case the fault is on the western
A geologic model which explains these relationships involves uplift of the Rolesville batholith resulting in erosion and formation of a clastic wedge on a pedi- of rapid downdrop of faults along the eastern margin of the basin. from radioactive sources is higher than normal. Red arrows on scale shows : NN | N border of the basin. There is another fault to the west of the border fault known as the Stony Ridge fault. It is also considered to dl consiaerapie uplifit of Late FaleoZolC granites
ment surface that extended to the west. During the early history of the Durham sub-basin, the clastic wedge probably extended over the entire basin, and : : 0 0 P etor aterBom 170 be Mesozoic in age. Relationships are shown for iron in modern stream sediment. The blue hachure lines show the approximate : . : : :
was captured by the basin during periods of sugbsidenceyalon txrlle Jonesboro fault. So long as the clastic 8veg & exté/nded over the entire basin, rock units 4. When di ik i 2 i i our assumption of geothermal gradient at 255 ma (30° C = 40° C/km). This is boundary of low iron sediment . occurred at the time the Triassic basins were fOrmlng .
ptl ythe gp _ _ g : ong ge exient  basin, : en diabase dikes were intruded at 200 Ma, they cross cut the Jonesboro fault with no offset suggesting that downdrop had ceased along the not significantly different than the present-day geothermal gradient. Above: Erosion depth estimates from multiple wells. Estimated maximum erosion is
surrounding the basin were covered and did not contribute sediment. The northern portion of the Durham sub-basin is interpreted as a principal depo-center. eastern margin of the Durham sub-basin by that time. However, vitrinite reflectance data and heulandite-harmatome relationship in dike amygdules shown based on the %Ro data using Dow’s (1977) method to determine the amount The low-iron area is wide on the east side of the basin; but very narrow on the west side. If the geographical relationship of the
: . . . . . . .y . . of eroded strata (linear plots of the log,  of vitrinite vs. depth). The regression line is rocks today are similar to what they were when Triassic sediments were deposited, the high iron rocks to the west did not provide
From here, sediment was re-transported to more southerly portions of the sub-basin along basin axial flow. indicate that 1-3 km of additional sediment covered the basin, but has subsequently been eroded away. extrapolated back to 0.2% Ro, the reflectance of early diagenetic woody plant matter sediment to the basin. Itis possible that a zone only a few miles wide, perhaps the area between the Stony Ridge fault and These ran ite hi h Iands that ma have been
to find the amount of missing section. It is assumed that there was no change in thermal western border fault, provided much of the clastic sediment in the basin. There are clastic wedges with coarse conglomerate -
Implication £ th f.nd.n the d iti | . | d tect ic hist £ th | t t studi th t | t . . . . . . i ) conductivity or geothermal gradient in the eroded section. Offset data points from the that are derived from rocks to thewest of the border fault. Since there may not be a wide source area for the low iron rocks, it g g ) y
mplications of these findings on the depositional, erosional, and tectonic history of the area complements recent studies on the natural gas resource poten- 5. In early Jurassic time the highland area persisted without further uplift and was subsequently eroded to the present surface configuration. 6 - Cross Section 235 Ma immediately before regression line reflect local block faulting (e.g., Bobby Hall #1 well). The Dummitt- would mean that a lot of uplift occurred in a rather small area. Further west, high iron rocks must have drained off to the west horst-block seaments. and mav have exceeded
tial of the Deep River basin (Re|d and Milici, 2008; Reid and others 2011 ) Palmer #1 (CBM) points that lie off the regression line were ‘over-cooked’ by diabase due to westward tilting of this area. In the Durham sub-basin, down drop along the Jonesboro fault was complemented by uplift g y y
movement along the Jonesboro Fault | dikes resulting in anomalous %Ro (modfied from Reid and others, 2011, Fig. 19). of the Rolesville, quite a distance to the east. Here, down drop to the east of the border fault was complemented by uplift . . .
_ _ _ _ _ _ 200 immediately west of this fault. So, each basin has it own unique structural style. Also, granite plays an important role in the origin elevatlons Of > 1 O OOO feet a bove adjacent baS| nsS
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1 - Geologic terrane map of the Raleigh-Durham area 3 - Intrusion of the Rolesville Batholith about 300 Ma. | —0 oo [ | Tonn 13 - Stream sediment data (vanadium) for the Richmond basin area.
" . . - 230 — Ié i
modified from Horton et. al., 1994. Assumed depth of Crystallzatlon was ~12 km. 5 —_— ¢ 155 | ] 1 fimmeridgian 200 Ma Section at Time of Diabase Dike Intrusion Do e e o) 2104
Y ) = — :
o — 255 7 T° 20 I s o i Wi ==l
.l QL e alg e of Crystalization - 12 km —_—t 12 ss | ® Anisian i i jg|_Callovian 3,000 to 5,000 ft thickness of sediment 220 8
1 o " Full recovery of ISI® || Bathonian in alluvial fan at time of diabase intrusion it
T E At sy sl oo . d Bajocian : o that has been eroded away 0
éé—j_éﬁl ‘) ) ) y T L ey A Present erosional surface e
o Camrock AT SO POk i ;ncapproximate T—— Caroiing Satg oo ?ﬂﬂé}:sfitnthickness ofsediment B bR ClySaNzATon. 2Kni ke
Eksiamen Ansisiinorium = Axis sca;r:lar:izli{;rf: zfm;éars ago. é‘,; l r r I'
— T —— a i 2 3 Faults in Richmond Basin Area
Ti (coom) in Stream Sediment ! 000K 0 femevESEEE e s o s ) ey T T ——— — [ — The Rolesville batholith, as shown, has been uplifted 6 km from original depth of emplacement. Approximately 2 of total H = @ | Scessstinisn
(ppm) 1 .
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; Dol Eiﬁgi A ‘ the half-graben structure. Therefore, when down-drop begins along the Jonesboro fault, sediments at the base of the alluvial fan An approximate fimescale 255 ¢ stEI;EE o
ST are simply “captured” by the basin, and were not deposited in the basin. Traditional thinking is that all the sediment located within VI e oS An approximate timescale of key o4 : - 5 Q oo te)
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Fe and Ti concentrations in stream sediment. Fe and Ti concentrations in stream sediment minerals are %° (S - I-.'-'Z . Fggﬁsonm s At 1976 g F I ) g ) ; . Section (left) shows age of emplacement of diabase dikes (200 ma). Geologic section (above) shows 5,000 ft. thickness of sediment now present in
i i ini i - i . Durbam e e ® : rbogast 76) stated “...Facies relati i t ic int tati t ial origi th di ts, -basi iti i i i i . Ly : . . A :
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Th% Rolesville batholith is interpreted to be a late Paleozoic intrusion (Farrar, 1985 a,b). A XVBE' Hames™, P.R. Renne"2 and C. Ruppel™3 Carpenter, R.H., and Reid, J.C., 2014, Use of NURE Stream Sediment Data to Determine the
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P e afotrr:gnCaa:;ag?e?rl]u(t;)ggrAa)sr eaplzg-esdr zvg;cl)zl)g/rzoocgpabgggc:‘j; fssljli Z?Céiuélslﬁzr;?dsgyélérl, ; i??tzids Axis scale: millions of years ago. i o bk oot 235 il st . near the critical, predrift junction of three major continental masses. Until now, the age of these dikes had not been determined with the same precision as Article #41477 accessed 26 January 2015 at URL
o0 S _ _ oo _ o € continents began 1o break apart a million years, and It has been propose those of Central Atlantic magmatic province basalts on other parts of the circum-Atlantic margin. Our new results for three dike samples from the South . ;
s e within the Rolesville pluton: 312 Ma for the Lassiter granitoid, 298 Ma for the Mitchell granitoid, that this is about the time that movement on the Jonesboro fault began. However Carolina Piedmont yield plateau ages of 198.8 + 2.2, 199.5 + 1.8, and 199.7 + 1.5 Ma. For comparison, we present new age determinations of the benchmark The Richmond basin is shown in yellow, the Petersburg granite in blue, fault lines are red. The source of hitp://www.searchanddiscovery.com/pdiz/documents/2014/41477carpenter/ndx_carpenter.pdf.html.
o° and 286 Ma for what may be the Rolesville main granitoid at the northernmost tip of the batholith. faulting associated with the uplift of the Rolesville granite began earlier. If down dropping Watchung flows | and Il of the Newark basin: 201.0 + 2.1 and 198.8 + 2.0 Ma, respectively. Collectively, these data suggest that basaltic volcanism responsible ~ geological data is the digital geologic map of Virginia. High concentrations of vanadium to the west of the basin are _
" An 40Ar/39Ar biotite cooling age of 255 Ma from the Rolesville main gr?nltmd in the southwestern along the Jonesboro fault began at 235 ma, the basal sediment that was captured from for the dikes, flows, and sills of eastern North America occurred within ®1 m.y. of 200 Ma. The timing, brief duration, and extent of the Central Atlantic not reflected in stream sediment from the basin. Therefore, rocks to the west are not a likely source of Triassic sediment. Horton, J.W, Jr., Blake, D. E., Wylie, A.S., Jr., Stoddard, E.F., 1994, Geologic Map of the Falls Lake —
> % @ corne.r of the batholith was deter_mlned _by J. Sutter (unpubllsf_\ed da:t)a). the alluvial fan would be oldgr. About 5,000 feet of gedlment accumulated in ’Fhe dec_apest magmatism imply that it may have been causally related to Triassic-Jurassic mass extinctions. The distribution and timing of this magmatism and the absence However, the geochemical signature of NURE stream sediment within the basin is much more closely related to the Wake Forest Area, North Central North Carolina — A Synopsis in Stoddard, E.F. and Blake, D.E. eds.,
R . — From: http://www.carolinageologicalsociety.org/CGS/1990s_files/gb%201994.pdf part of the Durham sub basin over the next ten million years (see red arrow in section). of regional uplift or an identifiable hotspot track lead us to favor strong lithospheric control on the origin of the Central Atlantic magmatic province, consistent Petersburg granite. Consequently, the Petersburg granite is a very good candidate as a source rock for the Triassic. Geolo nd Field Trio Guide. Western Flank of the Raleigh Met hic Belt. North Caroll 112
o 4 Il | - B _ _ _ _ In the.dlagralm below, lacustrine and coal forming .swamp.enwronments are sapdwmhed by with the modern generation of plume incubation or edge-driven convection models. In fact, the alluvial fan model adapted for the Durham sub-basin might well apply here. Major down-drop occurred along gy a © p uide, vveste a 0 € Raleig elamorpnic Beit, INor arolina, p. 1-1z.
2530 0 10 20 KILOMETERS The granitic pluton east of the Jonesboro fault that is referred to in the text is the Rolesville fluviatile sediments. We suggest here that lacustrine sediments and coal forming swamps the Hylas fault along the western margin of the basin. The uplift component appears to be along the western border of
% 8. Ly ' Batholith, a granitic pluton formed in the late Paleozoic (Heller et al., 1998; Reference formed during periods of more rapid down-dropping along the border faults. the Petersburg granite, and the area immediately east of the Richmond basin. McSween, H.Y.,Jr., Speer, J.A., and Fullagar, P., 1991, Plutonic Rocks in Horton, W., ed., Geology of
? a RAI 02.05.01-18 02). The batholith is interpreted to have been formed during a single pulse . . . :
° EXPLANATION of magmatism at around 298 Ma (Schneider and Sampson, 2001 in Raleigh 100k quadrangle ltis possible that most of the sediment in the Pekin formation was “captured, and that the Carolinas, University of Tennessee Press, Knoxville, p. 109 —126.
°0 40 s AT 17751 Alleghanian granitss i [NCGS, Reference 2.5.1-273)). sluggish drainages forming lacustrine and swamp sediment of the Cumnock formation .
A . i represents the commencement of rapid down-drop along the eastern border faults. 200 ' ' : Milici, R.C., Coleman, J.L., Rowan, E.L., Cook, T.A., Charpentier, M.A., Klett, T.R., Pollastro, R.M., and
i 7] Triassic Deep River basin | " | Crabtree Creek pluton @ Falls Lake melange Depths of emplacement of Carboniferous-Permian granitoids range from 8-19 km. = 14 - Comparlson of the inferred structural architecture of the three Schenk. C.J.. 2012. USGS Fact Sheet 2012-3075 accessped 26 January 2015 at
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Rolesville Highlands An approximate timescale of key i . . .
o Triassic events 10 - Tectonic terrane map of the Raleigh metamorphic belt in the eastern slate belt. o
25— ersburg granite
Assuming a geothermal gradient between 30° C/km and 40° C/km the 12 km depth of The Supercontinent Pangea during Late Triassic ti Fois scale: millons alyears ago The major plut the Rolesville, Castalia, Wise, Sims, Buggs Island, Wilton, and Butterwood Creek. The major folds are the Wake-W. ticlinori
tallizati il have b ised to 7.5 to 10 km by 255 ma. W t that this uplift e Triassic time. e major plutons are the Rolesville, Castalia, Wise, Sims, Buggs Island, Wilton, and Butterwood Creek. The major folds are the Wake-Warren anticlinorium, . . ] :
grcisu?relzaallgrr:g\;v;aulfsv:t, g?:erzlr,sfhe (r)nargir?of th;ngrgnite, ;nr% waz Iséxurggﬁlsdueato ilsso:tr;’lic 275 —| AII of thg major continents of a today were assembled By Late Triassic time (~235 Ma) the Raleigh, Lake Royal, and Thelma antiforms. The major fault zones are the Jonesboro, Leesville, Falls Lake, Nutbush Creek, Lake Gordon, Macon, Middle SuggeSted Cltatlon. Carpenter, R H "y and Reld, J -C-, 201 5, Use Of N URE
Clastic wedge captured - 2 - The section line corresponds to A-A’ in the Grid adjustment of the lighter granite, but continued to rise as tensional forces developed in the \o @ single landmass surrounded by a large ocean. and possibly earlier, {is landmass 1951) andl Sacks (1660) oo fault and proposed new faulls along fhe border of e Rolesville granite are shown in red. Modiiedfrom Stoddard and ofhers stream sediment to determine the provenance of Triassic clastic sediment in
by down-faultin Clastic wedge . : : : : Triassic. _EEDJ at s m e ’ and Sacks . _ . . .
g | ), Clastic wedge cell thematic of Thorium in stream sediment.Note the ] Late Triassic equator. Modified from Olsen (1997). gggﬁgetr?t:r::gaiptiﬂc’ir?:‘??otxzrd - I R k - the Raleigh-Durham area, North Carolina, Southeastern Section Meeting,
: . 40Ar/39Ar biotit i f 255 Ma. Biotite cl t ture i rted to b " e axis of the Wake-Warren anticlinorium is shown to be coaxial with the Rolesville granite. It plunges to the southeast. Cover rocks wrap around the southern : : :
pa rallelism of th eJoneSPOrO fa Ult with the western 300rdegreres!OCI gyc\?\(/)ill?pgezig: ?f the gestherlr%;?gi;g’ii;et Vi;nrzezrg g;z;:;z%/kren,(:ve?age for -285 — SBeC)S?nr;;tl-igiyyggztl(orrr:i/.(;_ver the last end of the batholith. This “anticlinorium” is assumed to represent the broad anticline formed upon intrusion of the granite. GeOIOg|CaI SOC|ety of Amerlca, ChattanOOga, TN.
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