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ABSTRACT 

The 'Dunbarton basin is located on the South Carolina-Georgia 

boundary about 32 km southeast of the Fall Line. It consists of 

red mudstone and sandstone of Triassic age and is buried beneath 

350 m of unconsolidated Coastal Plain sediments. seismic ref lec- 

tion surveys and model interpretation of gravity-magnetic surveys 

indicated that the Dunbarton basin may consist of fault blocks of 

different thicknesses with displacements of <30 m on the top of 

the Triassic rock and 92-760 m on the bottom. Drilling showed 

that the apparent displacement on the top was caused by the 

presence or absence of a reflector in the Coastal Plain sediments 

that masked the reflection from the top of the Triassic rock. No 

fault displacement has occurred since the development of the ero- 

sional surface on the top of the Triassic rock about 100 million 

*--The information contained in this article was developed during 
the course of work under Contract No. AT(07-2)-1 with the U. S. 
Energy Research and Development Administration. 



years ago. Drilling information did not confirm or deny the 

displacement of the bottom of the Triassic basin. Model inter- 

pretation of the gravity-magnetic data indicates that the Dunbarton 

Triassic basin may be wider than previously interpreted, and is in 

part underlain by a denser basement rock, possibly a pre-Triassic 

igneous intrusion. 

Prior to the intrabasinal faulting, when the Triassic sedi- 

ments were filling the basin, a mountainous highland existed to 

the northwest that was separated from the basin by a border fault 

similar to those in the Basin and Range province today. The 

metamorphic rock presently found beneath the Coastal Plain sedi- 

ments in this region of Triassic highlands accounts for all of 

the lithologic types of fragmental rocks found in the Triassic 

basin. Mudrock flow material moved from the mountain face in 

the interstream areas of the Triassic basin and these poorly 

sorted deposiLs uf II~UJ aid boulders are pcnctratcd by a wcll near 

the northwest edge of the basin. Farther fro111 the mountain face, 

deposits of the same poorly sorted sediments occur but without 

boulders or material generally coarser than granule size; these 

deposits are penetrated by a well about 2)1 km from the northwest 

edge of the basin. Streams that drained the mountainous region 

back from the face deposited alluvial fans that enlarged areally 

but decreased in grain size as distance,from the ntountains 

increased. These muddy sand deposits are penetrated 'by a well 

about 6 km from the northwest edge of the basin. Based on the 



mineralogy of the sediments at these last two wells, subsequent 

erosion not only removed the Triassic highland, but also removed 

1800 to 2400 meters of Triassic sediments. 

INTRODUCTION 

The Dunbarton Triassic basin is located on the South Carolina- 

Georgia boundary about 32 km southeast of the Fall Line (Fig. 1). 

The basin is buried beneath about 350 m of unconsolidated Coastal 

Plain sediments and is perhaps 1620 m thick at its deepest point. 

The Triassic rock consists of maroon mudstone and poorly sorted. 

sandstone and conglomerate. Because the basin is completely 

buried by the Coastal Plain sediments, study is restricted to 

geophysical investigations and exploration wells. The basin was 

discovered by an exploration well in 1962. Subsequently, a small 

amount of geophysical work was done, and two additional exploration 

wells were drilled. The results of these studies are reported by 

Marine and Siple (1974). 

Because the Dunbarton Triassic basin was considered to have 

potential for a mined facility for storage of radioactive waste 

at the Energy ~esearch and Development Administration' s Savannah 

River Plant (SRP), exploration was intensified in 1971. However, 

in 1972 it was indefinitely postponed before the planned program 

was completed, in order to examine alternative methods of waste 

disposal,. Exploration that started in 1971 included about 129 km 

of seismic reflection traverse, 140 km of gravity-magnetic 

traverse, and the drilling of two additional exploration wells. 



The results of these investigations suggest an alternate con- 

cept of the shape and size of the basin.to the one given by 

Marine and Siple (1974). The results also provide additional 

information on the nature and age of faulting within the basin 

and on the possible character of the underlying, rocks. Studies 

of the lithology and mineralogy of cores of the two wells also 

permit the development of a sedimentational model. 

The structural. and sedimentational models of this' subsurface 

Triassic basin provided by the additional geophysical exploration 

and exploratory drilling are the subjects' of this report. 

PREVIOUS CONCEPT OF THE DUNBARTON T R I A S S I C  B A S I N  

The concept of the Dunbarton Triassic basin presented by 

Marine and Siple (1974) is. that of a basin -50 km long and 10 km 

wide, elongated in a northeasterly direction. The northwest 

margin wa.s well located and appeared to be a sedimentary contact 

dipping 35' to the southeast. A border fault is nearby but 

because of post-Triassic erosion, the fault is now wholly located 

within the crystalline metamorphic rock (Fig. 2). Mudrock flow 

deposits are the predominant sediments near the northwest margin 

of the basin. Farther southeast toward the center of the basin 

the sediment becomes sandstone and mudstone. 

Much less information is available on the southeast margin 

of the Lasin, but an abrupt increase in t.he lnagnetic fisld 

intensity (indicated on the aeromagnetic map in,Fig. 3), was 

interpreted as a border fault of large displacement (Fig. 2). 



A nearby well (PSR, Fig. 2 and 3) penetrated only mudstone and 

fine-grained sandstone in 29 m of Triassic rock. conglomerates 

would be expected at this location if a southeastern border fault ' 

occurred during sedimentation as did the northwestern fault. 
. . . . . . . . . , 

Similar discrepancies between sediment size and the proximity 

of a large border fault have been noted in other exposed Triassic 

basins (Randazzo et al., 1970), which are referred to as half- 

grabens. The explanation offered by Randazzo et al. (1970) is 

that subsequent to the formation of a symmetrical basin with 

faults and conglomerates on both sides, the basin has been split 

in half by a major fault with only the.downthrown block preserved. 

However, the half-graben nature of the Dunbarton Triassic basin 

is not observed; rather, it is inferred primarily from one well 

and a simplistic interpretation of the.magnetic field intensity 

contours as reflecting the depth to the crystalline metaril6rfshic 

rock. Additional information reported here ,casts some doubt on 

this interpretation of the aeromagnetic map and on the abrupt 

terminatiuli 01 the Triassic sediments by a. srzi~t.heastern border 

fault as shown in Figure 2. 

Prior to the completion of the seismic studies reported 

herein, the only information on the upper surface of the Triassic 

basin was that it was (1) of low relief, (2) correlative with the 

erosion surface on the crystalline metamorphic rock to the north- 

west (Fig. 2) which was also of low relief, and (3) that it sloped 



at about the same angle as the surface of the crystalline meta- 

morphic rock. All of these items of information arise from the 

fact that very accurate predictions had been made of the depth 

to the top of the Triassic basin in two wells by planar extrapo- 

lation of the surface of the crystalline metamorphic rock which 

was known in greater detail (wells in northwest part of SRP as 

shown on Fig. 3). 

The seismic reflection studies of this investigation indi- 

cated that the upper surface of the Triassic basin might be,cut 

by several faults with displacements of less than 30 m; however, 

two exploration wells, one on either side of one of thesk inferred 

faults, demonstrated conclusively that .there was no displacement 

of the Triassic basin surface. Even though only one seismically 

inferred fault was investigated by drilling, the results cast 

doubt on the validity of the other inferred faults. 

The only lnf6~inati0II availal le .prior 'to ehc prcsent study 

on the contact of Triassic rock with underlying rock was.obtained 

from an exploration well located less than a kilometer southeast 

nf the northwest edge of the basin where a well (DRB 9, Fig. 3) 

penetrated an augen-gneiss after passing through 485.5 m of 
. . . . 

Triassic rock. The northwest margin of the basin is inferred 

to dip 35'. If this dip were projected to the location of the 

southeast margin interpreted by Marine and Siple (1974), the 
\ 

Triassic h a s i n  there would be 7 km thick. This great thickness 

seems unlikely for such a narrow basin, but no information on 



its thickness was available until the present studies were made. 

Conceptual models based on gravity and magnetic surveys indicate 

that the basin is not a simple wedge thickening to the southeast 

but consists of several blocks of unequal thicknesses. In addi- 

tion, these conceptual models indicate that the rock beneath the 

Triassic basin changes from chlorite-hornblende schist or augen- 

gneiss to a rock of greater density and higher magnetic suscepti- 

bility, possibly a gabbro or an intrusive rock of similar density 

and magnetic properties. 

Information on the character of the .Triassic rock itself 

was previously derived from core samples from three wells. 

The two additional wells that were dril.led do not alter any pre- 

vious concepts (Marine and Siple, 1974).'of the character of the 

rock, although they permit a refinement in the sedimentational 

model of the.basin. No igneous rocks or coal beds have been 

found within the Dunbarton Triassic basin. 

STRUCTURAL MODEL 

Additional Geophysical and Geological Exploration 

The purpose of the addiCiisiia1 geophysioal exploration w a s  

to map the upper and lower contacts of the Triassic rock, thereby 

determining the shape and size of the Triassic basin, and to 

determine whether faults existed. These geophysical studies 

included 129 km of continuous seismic reflection traverse (Fig. 4) 

with 275 m between shot points and 140 km of gravity and magnetic 

traverses (Fig. 3 and 4) with stations approximately 400 m 

apart. The seismic traverses and the basic geophysical inter- 



pretation were made by a seismic exploration contractor arid the 

gravity and magnetic surveys and their basic geophysical interpre- 

tation were made by a gravity-and-magnetic exploration contractor. 

The contact of the Triassic basin with the crystalline meta- 

morphic rock below could not be detected on any of the seismic 

traverses. As reported by Marine (1974), the seismic wave veloci- 

ties increase with depth,and approach the wave velocities in 

crystalline metamorphic rock near the bottom of the basin, thus 

giving low seismic contrast between the two varieties of rock. 

Although an occasional reflecting layer was apparent wi.thin 

the Triassic rock, these could not be correlated consistently to 

indicate any extensive bedding. 

The seismic reflection at the contact between the Coastal 

Plain sediments and Triassic rock generally showed good correla- 

tion; however, in several disturbed zones possible minor faulting 

was indicated. These zones of inferred possible faultilly are 

shown on Figure 4, and one of the more probable of these zones 

was selected for further exploration by drilling two exploration 

wells (DRB 11 and Pl2R, Fig. 4), nne on thenupthrown and one on 

the downthrown side of this inferred fault.' 

The gravity and magnetic surveys provide profiles of the 

change in the acceleration of gravity and in the vertical magnetic 

field intensity. The methods of interpretation involve constructing 

models that would theoretically duplicate the. observed profiles. 

There may be several acceptable models, but when the known 
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information from drill'holes and from seismic exploration are 

incorporated, the models tend to become more unique. Thus, these 

methods achieve their greatest utility in the areal extrapolation 

of knowledge gained by other means and in guiding an exploration 

program. Unfortunately, several key items of information for 

interpreting these profiles were not obtained, but the interpretive 

models that were developed are useful in the overall conceptual 

model of the Dunbarton Triassic basin. Because the density and 

magnetic properties of the Triassic rock are similar to those 

of the Coastal Plain sediments (density = 2.43) ,  it was assumed 

that the gravity and magnetic profiles do not "seett the top of the 

Triassic basin. However, the density contrast between the under- 

lying crystalIine metamorphic rock (density = 2.73) and these 

shallower sedimentary rocks is such that all characteristics of 

the profiles are attributed to changes in either the depth or 

character of the metamorphic rocks. 

The gravity and magnetic interpretive models indicated dis- 

placements of the crystalline metamorphic rock in the same 

locatiu~~s where the seismic profiles indicated displacement. of 

the surface of Triassic rocks (Fig. 5) and in a few additional 

locations. So the modeling results of the gravity and magnetic 

surveys, performed after the seismic results were available, 

reinforced the existence and location of the faults inferred from 

seismic reflection measurements. 



To deve,lop more p o s i t i v e  information on t h e  ex i s t ence ,  

l oca t ion ,  and geohydrologic c h a r a c t e r  of  t h e  i n f e r r e d  f a u l t s ,  

one was s e l e c t e d  f o r  explora t ion ,  and an explora tory  well  was 

loca t ed  on e i t h e r  s i d e  of  t h e  i n f e r r e d  f a u l t .  Both of t h e s e  

we l l s  were t o  be dev ia t ed  from t h e  v e r t i c a l  toward t h e  i n f e r r e d  

l o c a t i o n  of  t h e  f a u l t  and toward each o the r .  Af t e r  completion, 

t h e s e  two wel l s  would have explored a l l  geometr ical  p o s s i b i l i t i e s  

f o r  t h e  d i p  and a t t i t u d e  of  t h e  i n f e r r e d  f a u l t  p lane .  To a s s u r e  

t h a t  t h e  f a u l t ,  i f  i t  ex i s t ed ,  was n o t  missed by t h e  wel l s ,  

continuous core  was taken from t h e  T r i a s s i c  s e c t i o n  of bo th  wel l s .  

Because t h e  program was not  completed, on ly  one of  t h e s e  we l l s  

was d r i l l e d  t o  i ts  planned depth. The o t h e r  wel l  (P12R), which 

was d r i l l e d  f i rst ,  pene t r a t ed  only  a s h o r t  d i s t a n c e  i n t o  ' t h e  

T r i a s s i c  bas in  t o  e s t a b l i s h  t h e  l o c a t i o n  o f  i t s  top .  The in t en -  

t i o n  was t o  r e t u r n  t o  t h i s  ho le  i f  t h e  i n f e r r e d  f a u l t  was no t  

pene t r a t ed  by t h e  second ho le  (DRB 11) .  

. S h a p e a n d s i z e o f  t h e B a s i n  

The previous  i n t e r p r e t a t i o n  (Marine and S i p l e ,  1974) o f  t h e  

shape and s i z e  of t h e  Dunbarton T r i a s s i c  bas in  'was based almost 

e n t i r e l y  on a cons ide ra t ion  o f  a c losed  depress ion  i n  t h e  aero-  

magnetic contours  as shown on Figure 3. This  i n t e r p r e t a t i o n  was 

re in fo rced  by t h e  seismic and d r i l l i n g  exp lo ra t ion  o f  t h e  northwest 

margin of  t h e  bas in .  The a d d i t i o n a l  s e i smic  work r epor t ed  he re in  

i n d i c a t e s  genera l  agreement wi th  t h i s  o u t l i n e  (Fig. 3) except t h a t  

t h e r e  is  no d e f i n i t e  change i n  t h e  c h a r a c t e r  of t h e  r e f l e c t i o n  



where it was interpreted that the crystalline metamorphic rock 

should underlie the Coastal Plain sediments at the southeast 

border of the basin. The seismic traverse extended 8 km south- 

east of what had been interpreted as the southeast margin of the 

basin. Even though there were several inferred faults in this 

area (Fig. 4), none of these was clearly the border fault that 

terminated the top of Triassic reflection. 

Termination of the Dunbarton Triassic basin on the southeast 

is not required for a model based on gravity and magnetic profiles 

(Fig. 5). To locate the southeastern termination of the Triassic 

rock, a gravity-magnetic profile was extended to Barton, South 

Carolina, about 34 km southeast of the.SRP boundary (Fig. 3). 

Barton is about 3 km southeast of a change in aeromagnetic charac- 

teristics (Fig. 3) from discontinuous highs and lows of great 

magnitude that are characteristic of the area southeast of the 

previously interpreted 'Sriassic border eo a broad area uf little 

magnetic relief. Thus, any interpretation of this data relative 

to the Triassic basin to the southeast of Barton becomes much 

more tenuous. 

Both the seismic interpretation and the models based on 

gravity and magnetic data are tenuous and only indicate the 

possibility that the Dunbarton Triassic basin is wider than 10 km. 

From drilling information it is known that lenticular reflecting 

ho~izons in the Coastal Plain  sediment.^ can mask the top of the 

Triassic rock reflector and could obscure its termination. The 
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gravity-magnetic models are greatly dependent on the assumed 

density and magnetic properties of the underlying rock. There 

are.no well data on the basement rock southeast of the northwest 

margin of the basin to establish this density. 

Upper Contact and Over ly ing  Rock 

The seismic reflection study northwest of the Dunbarton 

Triassic basin (Fig. 4) showed two clearly defined reflectionsas 

reported by Marine and Siple (1974). The lower of these correlates 

with the top of hard crystalline metamorphic rock. This reflection 

terminates at the northwest boundary of the basin. The upper 

reflection is known to be above the top of the saprolite (in-place 

weathered crystalline rock) and therefore is within the Coastal 

Plain sediments. In Well DRB 8 (Fig. 4), this reflection is 11.9 m 

above the top of the saprolite. This reflecting horizon can be 

followed contin~o~~sly without a break across the northwest boundary 

of the basin. However, at the inferred fault shown between Wells 

DRB 11 and P12R on Figure 4, this reflection (labeled "Masking 

Reflectorff on Fig. 6) terminates abruptly. It is replaced on the 

soutlleast side of the inferred fault by a reflection 29.0 m deeper 

(labeled "Top of Triassic Reflector" on Fig. 6). During early 

work it was appeared that these two reflectors were the same, 

a fault was indicated with dnwnthrow on the southeast. After 

t h e  correlation of t h e  rock in Well DRB 10 withY\he seismic work, 
lJ 

it was realized that the reflectors on either side of the fault 

were different, and that if the top of the basin on the northwest 



side of the inferred fault were uniformly 41.5 m below the masking 

reflector, as it is at Well DRB 9, the fault would be downthrown 

on the northwest (Fig. 4 and 6). 

In view of the tenuous extrapolation of the 41.5-m 

interval for 2225 m on the northwest side of the fault, a hole 
\ 

was drilled on each side of the inferred fault (Wells DRB 11 and 

P12R, Fig. 4 and 6). The wells were drilled initially to casing- 

setting depth (45-60 m below the top of the Triassic rock) in 

order , . to obtain positive information on the displacement. 

Gravity and magnetic surveys indicated that the fault dipped. 

steeply to the southeast, so the hole on the southeast side of 

the fault (Well DRB 11) would be the more likely to intersect the 

inferred fault. 

The northwest well, P12R, was drilled first and coring began 

at an elevation of 210.6 m below sea level. The first core was 

lost, but at an elevation of -215.2 m a clayey sand that was hard, 

gray, gritty, and in. some places gravelly, was encountered. This 

sand was probably the seismic reflector interpreted to be at an 

elevation of -213.6 m (Fig. 6). , T h e  tnp of the Triassic rock was 

encountered at an elevation of -242.3 m. 

Tlle hole on the south side of the fault (Well DRB 11) pene- 

trated the top of the .Triassic rock at an elevation of -242.9 m, 

confirming the extrapolation from Well DRB 10 of the seismic 

reflector that was interpreted to be the top.of the Triassic rock. 



Characteristics'of core samples from these two wells, which are 

about 210.3 m apart, indicate that there is no significant dis- 

placement of the Triassic surface. 

Absence of displacement on the Triassic rock surface means 

that there has been no movement on the inferred fault since the 

development of .the erosion surface that forms the top of the 

crystalline and Triassic rock. Because this erosion surface 

developed between 100 million and 180 million years ago, the last 
I , 

movement on the fault, if it exists, was at least 100 million years 

ago, and it has not moved as a result of more recent tectonics of 

the Atlantic Coastal Plain. 

Geophysical logs further corroborate the conclusion that the 

inferred fault has not moved since the deposition of the Cretaceous 

and Tertiary Coastal Plain sediments. The most useful logs for 

this purpose are those based on electric and gamma ray measurements. 

Correlation could be made of 12 distinctive points from the electric, 

logs and 11 points from the gamma logs, ranging in depth from 57.3 

to 326.0 m. With adjustments for a regional dip of 1.5 m between , 

the two holes, these correlations indicate a south-side displacement 

ranging between a 2.1-m upthrow and a 1.8-m downthrow. The average 

indicates that the south side is upthrown by 0.3 m, and the median 

indicates that the south side is upthrown by 0.6 m. Uncertainties 

in the measurements of the two geophysical logs are such that. these 

differences are not significant, and that there may be no measura- 

ble displacements in the vicinity of the inferred fault. 



Thus, the seismically inferred fault is caused solely by 

the presence or absence of the masking reflector (Fig. 6). Even 

though the level of the masking reflector is occupied by gritty 

sand and small gravel in Well P12R, gritty sand and small gravel 

are common sediment types in the lower Coastal Plain sediments. 

Thus, the masking reflector must be caused by a more unique 

property than the presence of sand and gravel. 

In the area where the Coastal Plain sediments are underlain 

by crystalline metamorphic rock, a gray silty clay directly over- 

lies the saprolite. But overlying the Triassic rock is a unit 

consisting of coarse sand, grit, and even gravel, embedded within 

a sandy clay. This unit was noted by Marine and Siple (1974) and 

the suggestion was made that it may represent a unit different 

from the upper Cretaceous Tuscaloosa Formation. 

Both of these units (the silty clay over the metamorphic 

rock and the grittyclay over the Triassic rock) are of low 

permeability especially when compared with the aquifer section 

of the Tuscaloosa. They are indicated'on the electric log by a 

dccrcasc in resistivity. At the contact with the Triassic r o ~ k  

the resistivity of the gritty, sandy-clay unit and that of the 

Triassic rock are nearly the same making the contact indiscernible 

on the electric log. 

The sandy-clay unit with embedded grit and gravel exists on 

both sides of the inferred fault raising the.question of why 

there was no reflection above the top of the Triassic rock on 



the southeast side of the inferred fault. The available cores 

were examined to determine what similarities might exist at the 

masking reflector on the northwest and. at the top of the Triassic 

rock on the southeast. The only common observation was that at 

each horizon there appeared to be some evidence of an ancient soil 

horizon. This took the form of a light-grayish clay (patches in 

the red Triassic rock) in which there was a much darker anasto- 

mosing pattern of dark gray clay giving the appearance of 

rootlets, although without any lignite preserved. Although this 

was a common property at the two reflecting horizons, these 

possible soil zones did not appear to be more dense than material 

above or ' below. , 

The other faults inferred from the seismic data shown on 

Figure 4 also were initially based on the displacement of the 

Triassic rock surface. These may also be caused by the lensing 

of the masking reflector across the seismic line. 

Lower Contact and Under ly ing Rock 

Well DRB 9, which is about 0.65 km from the northwest edge 

of thc Dunbarton Triassic. h a s i n ,  passed through 485.5 m of Triassic, 

rock and penetrated 20.4 m of augen-gneiss below (Marine and 

Siple, 1974). No other well has penetrated the rock underlying 

the Dunbarton basin. Therefore, at the location of Well DRB 10 

(Fig. 4), the Triassic rock is greater than 925 m thick and at 

Well DRB 11 the rock is greater than 670 m thick. No seismic 



reflection was observable from the lower contact of the Triassic 

rock, presumably because of the 'low velocity contrast. As a 

result of these facts, all of the information about the lower 

contact is derived from model interpretation of the gravity and 

magnetic data. A cross section of one of these models is shown 

in Figure 5. 

The modeling of the gravity-magnetic data supported the 

location of a fault at each location indicated by the seismic 

work. In addition, the model required several other displace- 

ments not indicated by the seismic work. . Displacements of the 

lower Triassic basin contact along these inferred faults were 

92 to 760 m. Thus, the Dunbarton basin appears to consist of 

block-like units of different thicknesses separated by steeply 

dipping faults rather than a uniformly thickening wedge bounded 

by large displacement faults. 

From its margin near Well DRB 9, the Dunbarton basin gener- 

ally becomes deeper to a point about 3.5 km southeast of Well 

DRB 10 (cross section A-A', Fig. 3 and S), where its depth is 

estimated eo be about 2000 iii. From that point, it shallows to 

about 1300 m at the southeastern bourldary of SRP. Southeast of 

SRP (cross section A-A', Fig. 3 and S), depths range from about 

900 to 1800 m. These depths include the Coastal Plain sediments, 

which are similar to the Triassic rocks.in their densities and 

magnetic properties. Thus, at Well DRB 10, according to this 

model, the Triassic rock would be about 1600 m thick, and at the 

southeastern boundary of SRP, thickness is about 900 m. 



The gravity data also suggest a change in basement rock 

density about 760 m south of Well DRB 10 (Fig. 5), in order to 

avoid an outcrop of crystalline rock at SRPfs southeastern 

boundary in the model. This denser rock has not been sampled, 

but the model shown on Figure 5 uses an assumed density of 3.17, 

an approximate average for ferromagnesian igneous rocks like 

basalt or gabbro. A density could have been assumed that would 

have resulted in the termination of the Triassic basin as origi- 

nally interpreted from the aeromagnetic map. To verify any of 

these models, the density and magnetic properties of the under- 

lying rock must be known, not assumed. 

An idea of the outline of the denser body of underlying rock, 

irrespective of its absolute density, can be inferred if data 

from other gravity-magnetic traverses are used. These additional 

traverses show that the change in basement rock density should 

not be extrapolated along the strike of the axis of the Triassic 

basin or along the strike of the schistosity of the crystalline 

metamorphic rock. The mass of denser basement rock appears to be 

irregular or subcircular in outline as indicated in Figure 4 ,  

The denser underly.i.ng rock may be an igneous intrusion, as many 

igncous intrusions in the Piedmont of South Carolina are sub- 

circular in outline. 

I n t rabas ina l  F a u l t i n g  

As explained in the subsection "Upper Contact and Overlying 

Rock," seismic indication of fault displacement of the surface 



of the Triassic rock was shown to be spurious and due to the 

lensing of the masking reflector in the coastal Plain sediments. 

However, the model interpretation of the gravity and magnetic 

data indicated displacements on the lower Triassic contact, even 

if these inferred faults had not moved since the development of 

the Triassic basin surface. Wells DRB 11 and P12R were drilled 

primarily for the purpose of investigating the model interpreta- 

tion of the fault and, if a fault was present, to determine its . 

geologic and hydrologic characteristics. 

Well DRB 11 was designed to deviate 15" from vertical to 

intercept the fault that had been indicated by the gravity- 

magnetic surveys (Fig. 7). The deviation was obtained by periodi- 

cally placing a 1.5'-steel wedge in the'bottom of 'the hole and 

coring a smaller pilot hole with the 1 to 1.5'-deviation 4.6 m 

beyond the wedge, then removing the wedge, reaming the pilot hole 

to full size, and extending this deviant coring 15.2 m. The wedge 

was actually used 17 times, and the hole reached an inclination 

of 14' between the measured hole lengths of 392.2 and 639.3 m. 

Between measured hole lengths uf 636.3 and 914.7 m, the wedge 

was used 5 times to hold the inclination between 13 and 14'. 

From measured hole lengths of 914.7 m to the end of the hole at 

1012.6 m, the angle was allowed to decrease to a final 11.5' 

from vertical. 

Well DRB 11 is shown in Figures 7 and 8. True vertical 

depth is 999.8 m; horizontal displacement between top and bottom 



i s  118.0 m northwest;  t h e  bottom i s  17.4 m beyond t h e  expected 

midplane of t h e  ind ica t ed  f a u l t  zone by se i smic  and g rav i ty -  

magnetic measurements, bu t  i s  32.9 m s h o r t  of t h e  f a r  boundary 

of t h e  zone. 

Two zones of  t h e  well  a r e  noteworthy; bo th  a r e  shown i n  

Figure 7. In  t h e  "caving zonett from measured hole  l eng ths  of  

712.8 t o  714.3 m, numerous f r a c t u r e s  were p re sen t  and occasion- 

a l l y  broken p i eces  of  rock (2.5 t o  5.0 cm) caved i n t o  t h e  hole .  

This  zone had numerous i n t e r l a c i n g  f r a c t u r e s ,  but  s l i c k e n s i d e s  

were not  gene ra l ly  present .  No f a u l t  gouge was found. This  

caving zone appeared not  t o  be a f a u l t .  

The second noteworthy zone i s  t h e  .sheared zone between 

measured ho le  lengths  of 990.6 and 992.1 m, where numerous breaks 

were found i n  t h e  core,  a l l  o f  which had s l i ckens ides .  This  zone 

was 15 m p a s t  t h e  i n f e r r e d  f a u l t  zone midplane. In  add i t i on ,  t h e  

bottom of t h i s  zone contained 2.5 t o  3.8 cm o f  gouge m a t e r i a l  o f  

0.6 cm and f i n e r  s i z e .  These two f e a t u r e s  i nd ica t ed  t h a t  d i sp l ace -  

ment had occurred along t h i s  zone. 

Because t h i s  s l ~ e a r e d  zulie occurs i n  mudstone, which can 

e x h i b i t  t h e s e  f e a t u r e s  wi th  very  l i t t l e  movement and because t h e  

rock type  i s  i d e n t i c a l  on both  s i d e s ,  n e i t h e r  t h e  amount of  

movement no r . r eg iona1  s i g n i f i c a n c e  of any apparent  movement can 

be est imated.  The loca t ion  of t h e  sheared zone i s  c o n s i s t e n t  

wi th  t h a t  i n d i c a t e d  by t h e  g r a v i t y  and magnet.ic surveys,  and i t  

was t h e  only  zone showing movement pene t r a t ed  by Well DRB 11. 



However, the dip of the zone of gouge material was only 

about 20°, whereas the dip of the fault inferred from the magnetic 

model was 80-90'. Thus, this sheared zone is probably not the 

major fault that was sought. 

Because Well P12R was not completed, no definite statement 

can be made as to whether the fault inferred from gravity-magnetic 

data was pr,esent or not. 

SEDIMENTATIONAL MODEL 

L i tho logy o f  Sediments i n  the Dunbarton Basin 

Descriptions and photographs of the Triassic sediments 

penetrated by Wells P5R, DRB 9, and DRB 10 (Fig. 3 ) ,  are given 

by Marine and Siple (1974). Generally the sediments at Well PSR, 

near the possible axis of the basin and perhaps near the south- 

eastern border, were maroon claystone and siltstone containing 

gray calcareous nodules, and grayish-brown sandstone that was 

fine to very fine-grained. The calcareous nodules were inter- 

preted to be caliche. 

The sediments at Well DRB 9, near the northwestern border 

of the basin, consisted of rock fragments of schist, gneiss, and 

quartzite, which ranged in size from granules to boulders, embedded 

in a maroon siltstone matrix. Much of the sediment apparently 

originated as mudrock flows from the nearby steep fault scarp 

that formed the northwestern cdgc of thc basin. There was no 

calcareous material either as nodules or as cement in Well DRB 9. 



There were three types of rock represented at Well DRB 10, 

located near the possible axis of the basin. These rocks were 

(1) maroon mudstone including clay, silt , and some f ine-grained 
sand, (2) grayish-brown, fine- to medium-grained sandstone 

including much silt and clay, a graywacke, and (3) a pink to 

buff, medium- to coarse-grained arkosic sandstone. Sporadically, 

grit and small pebbles occur as well as clasts of the maroon 

mudstone similar to the mudstone at other depths in the well. 

Calcareous cement occurs commonly but not universally throughout 

the rock from Well DRB 10. Based on the composition of the core, 

which represented 10 percent of the rock penetrated by Well DRB 10, 

and on the geophysical logs, about 60 percent of the sediments 

were sandstone and about 40 percent were mudstone. Cross bedding 

occurs in some of the sand, and the depositional environment was 

apparently f luvial . 

Well DRB 11 is 2225 m southeast of Well DRB 9 and 3810 m 

northwest of Well DRB 10 (Fig'. 4). One reason for drilling the 

well in this location (the other reason being to explore an 

inferred fault) was to determine the relationship of the mudrock 

flow deposits at Well DRB 9 to the fluvial sands and muds at 

Well DRB 10. The Triassic section of Well DRB 11 was completely 

cored and core recovery was 100 percent. The dominant sediment 

making up 90 percent of the core was maroon, fine-grained mudstone. 

The remaining 10 percent consisted of widely interspersed layers 



of gravel and coarse sand embedded in a mud matrix. Green spots, 

green patches, and thin green layers are interspersed in the 

predominantly red mudstone. Although the core commonly splits 

along these layers, there generally was no difference in grain 

size at these layers except for occasional green layers contain- 

ing clay. Apparently the green patches represent local reducing 

coxxlitions in an otherwise oxidizing environment. 

Bedding is essentially absent from Well DRB 11 except for 

the overall layers of coarse material. The most likely environ- 

ment of deposition is that of mudflows with only an occasional 

supply of coarse material. The sediments appear to be more 

closely related to those of Well DRB 9 than to those of Well 

DRB 10, in that both the muds and coarser materials are similar 

in character but are different in size and amount. In contrast 

to this, sedimeiits like the pink arku~ic sai~dstane or thc gray 

sandstone in Well URB 10 are rare at Well DRB 11. 

The sediments at Well P12R are very similar to those at 

Well DRB 11, which is not surprising because this well is only 

210 m northwest of Well DRB 11, 

Mineralogy of the Sediments of the Dunbarton Basin 

Mineralogic analyses of samples from the exploration wells 

were used to reconstruct the source region and to infer the 

depositional and diagenetic history of the basin. 

The mineralogy of core samples from Well DRB 10 as determined 

by x-ray analysis by the U. S. Geological Survey (USGS) is given 



in Table 1. Mineralogic analysis of samples from Well DRB 10 was 

also done by thin section petrography and is'given in Table 2. 

In general, the thin section petrography provides a larger value 

for the percent of quartz and is thought to provide the more 

reliable value for this constituent. However, the x-ray analysis 

provides information on the clay minerals that is not available 

from the thin section analysis. . 

Mineralogy of samples from Well DRB 11 determined by x-ray 

techniques at the Savannah River Laboratory are given in Table 3. 

Further x-ray analyses were done on only the clay fraction (<2 

microns) of 5 samples from Well DRB 11, and these results are 

given in Table 4. The mineralogy of samples from Well P12R-were 

analyzed by x-ray diffraction, and these results are given in 

Table 5. 

The cores of Wells .DRB 10, DRB 11, and P12R can be divided 

into three distinct zones on the basis of mineralogy (Tables 1, 

3, and 5). The upper zone consists of post-Triassic sediments, 

the middle zone is weathered Triassic rock near its erosional 

surface, and the lower zone is unweathered 'I'riassic rock. 

Each of the three groups can be distinguished readily from 

the other two. The upper zone (Coastal Plain sediments) is 

different from the lower because the upper is higher in quartz, 

potassium feldspar (orthoclase), and kaolinite contents; plagio- 

clase is not present. The upper zone is different from the 

middle zone because the upper contains more quartz and potassium 



feldspar, and less kaolinite. The middle zone differs from the 

lower zone in that it contains no potassium feldspar, but con- 

tains less plagioclase feldspar and more kaolinite. The middle 

zone is possibly a soil; hence, its low feldspar and high 

kaolinite are probably due to chemical change by previous circu- 

lation of ground water. In the lower zone (unweathered Triassic 

rock), mineral abundances are: potassium feldspar consistent a 

few percent, plagioclase a few tens of percent, chloride several 

percent, and kaolinite is nonexistent. Illite is the most common 

clay mineral in unweathered Triassic rock, and only a trace of 

montmorillonite was found. 

The lack of kaolinite everywhere in the Triassic basin 

except in the top section conforms to the following postulated 

clay mineral reactions (Pettijohn, Potter, and Siever, 1972). 

Some Clay Minera l  Reactions Dur ing 
Sandstone Rock Formation (Diagenesi s )  

Clay Mineral Formed 

Kaolinite 
Kaolinite 
Illite 
Muscovite 
Illite 
Chlorite 
Montmorillonite 
Glauconite 

Precursor 

Feldspar 
Pore Space 
Kao 1 init e 
Kaolinite 
Montmorillonite 
Montmorillonite 
Volcanic Glass 
Illite 

Kaolinite is changed to illite at depth. Montmorillonite also 

changcs to illite at depth. USGS x-ray data from Well DRB 10 

samples indicate t.ha.t. the majority of montmorillonite found in 

Well DRB 10 was near the top. The cores from the top of both 



Wells DRB 10 and P12R swelled and cracked, which was probably 

caused by exposure of the montmorillonite to fresh water from 

the atmosphere. 

No mineralogic differences were seen between core' that 

cracked when dried and core that did not; however, montmorillo- 

nite could not be identified on the x-ray machine used for the 

analysis of the samples from Well P12R, and this mineral may have 

been responsible for the cracking. 

No mineralogic difference was found between green spots and 

the surrounding maroon mudstone, except for the presence of 

hematite. A possible explanation for this is the formation of 

humic acid by decaying organic material in a localized region, 

giving rise to reducing conditions that would prevent the oxida- 

tion of ferrous iron released from the hornblende. 

Table 6 compares the average mineral composition of Well 

DRB 11 with that of the three rock types in Well DRB 10 and to 

the rock penetrated .by Well P12R for those minerals that are not 

zoned vertically; that is, excluding the upper weathered layer of 

T ~ i a s s i c  rqck. The quartz content sf tho mudstones from Wclls 

DRB 11 and P12R determined by x-ray analysis are higher (-55%) 

than that of the mudstone or sandstone from Well DRB 10 determined 

by x-ray analysis (-20%) but about the same as that determined by 

thin section analysis (-42%), as shown in Table 6. The quartz 

content of the crystalline schist and gneiss.to the northwest, 

the probable source area for these sediments, is about 30%. The 



quartz percentage ordinarily increases with transport when other 

minerals decay and are removed. Thus, the values for quartz 

content from thin section analysis are judged to be more reliable. 

Samples from Well DRB 10 were analyzed for carbonate content, 

and the results are shown in the calcite column in Table 2. 

Carbonate is absent from large sections of the well, but a small 

percent is present in certain zones. Well DRB 11 penetrated a 

few zones with some calcite nodules, but in general calcite was 

more abundant in Well DRB 10 than in Well DRB 11. 

Clay Mineralogy o f  the Dunbarton Basin 

Because the trace of montmorillonite is difficult to identify 

when it is interlayered with illite, more refined.mineralogic 

analyses were made on the clay minerals from five vertically 

distributed samples of mudstone from Well DRB 11 (Table 4). 

The samples were taken from Well DRB 11 at depths of 331.9, 

404.2, 480.1, 558.8, and 631.6 m. The sample taken at 331.9 m 

was only 5.5 m below the top of the Triassic rock. All 

samples were of such low permeability that any drilling mud 

(source of montmorillonite), which might have contaminated the 

samples, was limited to a very thin outer portion of the core. 

Material used for analysis was selected from the inner portion 

of the ,core. 

All samples were first disaggregated into sand-size particles, 

then dispersed using a 2% solution of sodium carbonate. The 

<2-micron fraction was separated by centrifuge. Each sample was 



chemically treated to enhance certain properties to allow more 

definitive x-ray identification of the clay minerals. 

Perry and Hower (1972) postulated four stages of dehydration 

of argillaceous sediments containing montmorillonite. Stage 1 

involves the loss of interstitial water and any interlayer water 

above two layers thick to the increasing pressure from overlying 

sediments, This initial compaction occurs within the first few 

hundred meters and is not considered as a diagenetic process. 

Stage 2 starts between depths of 1800 and 2400 m on the Gulf 

Coast and is the beginning of the diagenetic process'. Here,' some 

montmorillonite layers begin to be converted to illite layers, 

Stage 2 ends when approximately 65% of.the montmorillonite layers 

have dehydrated and converted to illite layers, The onset of 

Stage 3 is recognized by the change from random to 'regular inter- 

layering. During Stage 3, 80% of the montmorillonite layers 

become dehydrated. A hypothetical stage, Stage 4, is inferred 

but not actually seen in any wells. In this last stage, a11 of 

the montmorillonite should convert to illite, The exact depth at 

which conversions take place is dependent upon the geothermal 

gradient, 

Table 4 lists the relative percentages of minerals in each 

sample. The general mineralogy of all five samples is similar 

and is dominated by illite-montmorillonite with lesser amounts 

of discrete illite, hematite, chlorite, and hallaysite, 



The results of further analyses on the illite-montmorillonite, 

mixed-layer material indicate a change from 12% illite layers to 

38% within 305 m. These results would indicate that the top 

sample in the well has already reached Stage 2. The bottom sample, 

containing 38% illite layers, is also within the limits of Stage 2. 

Sediments that should have been nearly 100% montmorillonite above 

these are not present; presumably, they have been eroded away. 

These eroded sediments would comprise approximately 1800 to 2400 m 

of material if the geothermal gradient in Well DRB 11 (14.7'C/km, 

Marine, 1974) were comparable to that for the wells studied (24 to 

31°C/km) on the Gulf Coast. 

Source o f  T r i a s s i c  Sedimentary Rock . 

The source region of the sedimentary Triassic rocks was 

inferred from (1) visual estimates of minerals and rock fragments 

frdm Wells BRB 9, DR.R 10, and DRB 11; ( 2 )  x-ray data on Wells 

DRB 10, DRB 11, and P12R; and (3) comparison of these with data 

on basement crystalline rock below the plantsite (Christl, 1964). 

From this evaluation, we conclude that a topographical high 

existed less than 24 km northwest of the basin during late Triassic 

time. This high region consisted for the most part of schists 

rich in hornblende, biotite, and chlorite, and of gneisses inter- 

spersed with macaceous quartzite lenses. A body of coarse-grained 

augen-gneiss also constituled a part of this high region but did 

not contribute as much coarse sediment as the schists and other 

gneisses. The body of augen-gneiss was probably of only local 



I 

extent. The other rocks are typical of the Carolina Slate Belt 
I 

and extend over relatively large regions. 

One major factor in determining the source region was the 

maturity (weathering) of the sediments. The Triassic rocks 

beneath the SRP site exhibit a very low degree of maturity as 

evidenced by the large size of rock fragments,.the abundance of 

rock fragments and unweathered material, poor sorting, and sub- 

angular shape of the grains. Because maturity is "the measure 

of the approach of a clastic sediment to the stable end type to 

which it is driven by the formative processes operating on it" 

(Pettijohn, 1957), the maturity is also a combined record of the 

time through which such processes have.operated and the intensities 

of their actions. Under conditions of rapid erosion, the chemical 

weathering processes are slower than the process of transporta- 

tion; hence, much incompletely weathered material finds its way 

into the streams. Wells DRB 9, DRB 10, and DRB 11 all have an 

abundance of unweathered material. Of special note are the 

feldspars, usually one of the first minerals in a rock to be 

weathered. The average content of feldspar is 23 to 30 percent 

for all rock 'types in Wells DRB 10, DRB 11, and P12R (Table 6). 

The quartz-to-feldspar ratio is 2.4 in Well DRB 10 using the 

thin section analysis for quartz and is 2.0 in Wells DRB 11 and 

P12R. These values can be compared to that for an average sand- 

stone of 5.8 (Pettijohn, 1957) or to an average arkose of 1.1. 

These parameters show that the source area was nearby and also 

had relatively high relief. 



Further clues to the nearness of the source area can be 

obtained from the roundness of the sedimentary grains. The 
, 

major portion of grains of Wells DRB 9 and DRB 10 are subangular 

and subrounded, and can be assigned a roundness value of 0.4, as 

determined by standard methods (Pettijohn, 1957). Published 

graphs (Pettijohn, 1957) that plot distance of transport against 

roundness of grains indicate that granodiorite pebbles of 0.4 

degree of roundness have not traveled more than about 24 km from 

their source area. Based on the assumption that the schists and 

gneisses under SRP are no harder than a granodiorite, 24 km is 

also the approximately maximum distance of transport of the Triassic 

sediments found near the center of the'Triassic basin. This 

approximate maximum distance indicates that the source was proba- 

bly crystalline rock just northwest of the Triassic basin. Sources 

to the northeast or southwest were probably more than 24 km away, 

according to the outline of the Triassic basin inferred from aero- 

magnetic survey, and.therefore are not likely sources for most of 

the sediments in Wells DRB 9, DRB 10, or DRB 11. 

No fragmcnts of material were found with density >.2.73. 

Such material might have been supplied by a southeast source 

according to models constructed from gravity and magnetic surveys. 

Thus, sediments at Well DRB 10 probably did not come from the 

southeast. 

Degree of  s o r t f r ~ g  is anuther  irldicator of the source. 

Effectiveness of the sorting process depends mainly on the 



density and viscosity of the transporting medium. Because of 

the abundance of large rock fragments in Well DRB 9 and their 

random orientation, some viscous medium must have transported 

them. One explanation would be a series of mudflows from the 

slopes of the source region. 

Even though Well DRB 10 is 'located near the center of the 

Triassic basin, it contains the same mineral and rock fragment 

types as those found in Well DRB 9. This indicates that the 

sediments in the two wells came from regions of similar crystal- 

line.rock, and possibly from the same region. The degree of 

roundness of the particles in the two wells indicates that the 

source region was nearer than 24 km, which is consistent with a 

northwest source region supplying the sediments for both wells. 

Although a southwestward-flowing stream along the axis of the 

basin, bringing sediments from the northeast, cannot be ruled 

out, study of the sediments from Well DRB 10 does not support 

such a theory. 

The Triassic rocks are apparently barren of microfossils 

and paljnomorphs, as iridica,Lecl by inicropaleontological examina- 

tion of 9 samples of both red and green material from DRB 10 and 

by.palynologica1 examination of 2 samples from DRB 9, 3 gray 

samples from DRB 10, and 1 gray sample from DRB 11. . . 

Conceptual Triassic Basin Sedimentation 

The selection of the location for Wells DRR 11 and P12R had 

two principal justifications. One was to explore a geophysically 



inferred fault, and the other was to contribute to the under- 

standing of the sedimentation in the Triassic basin; more 

specifically to answer the question of how the pebbly mudstone 

of Well DRB 9 related to the mudstones and sandstones of Well 

DRB 10. The sediments at Well DRB 11 are finer-grained, but more 

akin to the pebbly mudstones of Well DRB 9 than to the mudstones 

and sandstones of Well DRB 10. The sand, grit, and angular 

pebbles at Well DRB 11 are coarser than those at Well DRB 10, 

but not as plentiful. Coarse material from both the continuous 

core and as inferred from the electric log of Well DRB 11 is 

estimated to make up 10% of the sediments; whereas from the 

intermittent cores and the three-dimensional velocity log, 60% 

of Well DRB 10 is estimated to be sand. Wells DRB 9 and DRB 10 

had the same source area for the sediments. The mineralogy of 

Well DRB 11 indicates it also had the same source area. The 

question then arises, how did a large amount of coarse sand reach 

the location of Well DRB 10, further toward the basin center, 

without being deposited in abundance at the location of Well 

DRB ll? The answor to this question further elucidates the 

pattern of sedimentation in this Triassic basin. 

Fanglomerates, landslide debris, and mudrock flow deposits 

originated on the steep fault scarps and were emplaced near scarp 

bases. These deposits were penetrated by Well DRB 9, and they 

represent deposits from the scarp face not influenced by streams 

that had a drainage area in the mountains behind the scarp face. 



Well DRB 11 pene t r a t ed  t h e  same t y p e  o f  sediments but  f u r t h e r  

from sca rp  f ace ,  where coa r se  ma te r i a l  was not  a s  common. 

A l l u v i a l  f a n  d e p o s i t s  occurred where s t reams,  supported by 

a  s i g n i f i c a n t  dra inage  bas in  i n  t h e  T r i a s s i c  highlands t o  t h e  

northwest ,  emptied i n t o  t h e  T r i a s s i c  basin.  Near t h e  f a u l t  s ca rp  

t h e  apex o f  such a l l u v i a l  f a n s  would occupy only  a  small  a r e a  

(Fig. 9), but  toward t h e  v a l l e y  c e n t e r  t h e s e  a l l u v i a l  f a n  sediments 

would occupy an i n c r e a s i n g l y  l a r g e  a r e a  u n t i l  t h e  coa lesc ing  

a l l u v i a l  f ans  would cover most o f  t h e  v a l l e y  bottom. Well DRB 10 

pene t r a t ed  t h e s e  sediments.  

Streams d ra in ing  t h e  metamorphic highlands dumped most of  

t h e  very  coa r se  d e b r i s  c l o s e  t o  t h e  mountain f r o n t ,  b u t  p e r i o d i c  

i nc reases  i n  s t ream energy from e i t h e r  storm p r e c i p i t a t i o n  o r  

renewed u p l i f t  c a r r i e d  coa r se  p a r t i c l e s  t o  t h e  c e n t e r  o f  t h e  

basin.  There, t h e  s h i f t i n g  channels  of  t h e  s t ream reworked t h e  

sands t o  provide occas iona l  crossbedding. However, t h e  d e b r i s  

suppl ied  and t r anspor t ed  t o  t h e  c e n t e r  of  t h e  bas in  by t h e  

s h i f t i n g  streams f a r  exceeded t h e  s t reams1 a b i l i t y  t o  s o r t  t h e  

ma te r i a l  and t o  create any 1at.ara.l ly ext.ansi~ra hadding. Mud was 

suppl ied  i n  l a r g e  volume from both  t h e  scarp- face  ephemeral 

dra inage  and from t h e  l a r g e r  s t reams.  Much of  t h i s  mud may have 

o r i g i n a t e d  from t h e  s o i l  i n  t h e  highlands,  bu t  much may have 

o r i g i n a t e d  by t h e  chemical weathering o f  t h e  metamorphic minerals  

a f t e r  t hey  reached t h e  v a l l e y .  The mud d e p o s i t s  a r e  c h a r a c t e r i -  

t i c a l l y  massive and show no i n d i c a t i o n  o f  bedding. 



I t  i s  p o s s i b l e  t h a t  t h e r e  may have been a v a l l e y  c e n t e r  

l ong i tud ina l  stream, but i f  so,  t h e  s t ream's  energy was probably 

low compared t o  t h a t  of t h e  streams d ra in ing  t h e  mountains. The 

v a l l e y  c e n t e r  sediments,  i f  t hey  a r e  r ep re sen ted  by t h e  rocks a t  

Well D R B  10, a r e  n o t  wel l  sor ted .  Occas iona l ly  mud-sand c o n t a c t s  

i n  Well DRB 10 a r e  nea r ly  v e r t i c a l  w i th  i n t r i c a t e  c r enu la t ions  

i n d i c a t i n g  s a t u r a t e d  sediments wi th  low mechanical energy. 

Water from t h e  s t reams d r a i n i n g  t h e  T r i a s s i c  mountains seeped 

downward i n t o  t h e  a l l u v i a l  .sediments nea r  t h e  v a l l e y  margin and 

upward near  t h e  v a l l e y  c e n t e r ,  thus  concen t r a t ing  s a l t s  by evapora- 

t i o n  i n  t h e  near  s u r f a c e  s o i l s  of t h e  v a l l e y  cen te r .  The presence 

of  c a l i c h e  and calcium carbonate  cement i n  t h e  rocks near  t h e  

v a l l e y  c e n t e r  and t h e  absence of t h e s e  m a t e r i a l s  i n  rocks near  

t h e  v a l l e y  margin a r e  evidence of t h i s .  

The sedimentary f i l l  i n  t h e  b a s i n  may have reached a maximum 

th i ckness  of  1800 t o  2400 m g r e a t e r  t han  a t  present; t hus ,  Llie 

clayey sediments were compacted, reducing t h e i r  permeabi l i ty  and 

po ros i ty .  Subsequent e ros ion  ( J u r a s s i c  - Ear ly  Cretaceous) has  

no t  on ly  removed the  T r i a s s i c  h.ighlands, but  a l s o  1800 . to  2400 m 

of  former v a l l e y  f i l l .  This  e ros iona l  cyc l e  reduced both mountains 

and v a l l c y s  t o  a s i n g l e  very  f l a t  su r f ace ,  now evidenced by t h e  

contac t  of  t h e  Coastal  P l a i n  sediments wi th  t h e  T r i a s s i c  and 

c r y s t a l l i n e  rocks.  



CONCLUSION 

Seismic reflection surveys and gravity-magnetic surveys 

indicate that the Dunbarton Triassic basin may be wider than 

originally interpreted from the aeromagnetic map (Marine and 

Siple, 1974). However, until the density and magnetic properties 

of the crystalline metamorphic or igneous sock underlying the 

Triassic red beds are known, interpretation of the geophysical 

information will be speculative. A fault inferred within the 

Dunbarton basin from seismic data has been demonstrated to be 

spurious on the basis of information obtained from exploration 

wells. This inferred.fault was caused by the presence or absence 

of a masking reflector within the Coastal Plain sediments that 

permits or obscures reflections from the 'top of the Triassic red 

beds. This masking reflector may be correlated with a soil zone 

in a gravelly-ad-gritty sandy clay, that pcrhaps has been 

abruptly removed in places by later erosion due to stream chan- 

neling. Although only one inferred fault was explored by drilling, 

the results cast doubt on the validity of other faults inferred 

from the same type of data. 

Even though displacement of the Triassic surface may not 

occur, interpretation of the gravity and magnetic data indicates 

faults separating blocks of Triassic rock of different thicknesses. 

Exploratory drilling was not performed to an extent sufficient to 

demonstrate major faults separating these inferred blocks. A minor 

fault' was found.at the expected location for the fault but did not 



have the correct dip to be the one inferred from the gravity- 

magnetic information. Thus, the validity of the faults inferred 

from the gravity-magnetic information was neither confirmed nor 

denied by the exploratory wells. 

Prior to the intrabasinal faulting, when the Triassic 

sediments were filling the,basin, a mountainous highland existed 

to the northwest that was separated from the basin by a border 

fault similar to those in the Basin and Range province today. 

The metamorphic rock presently found beneath the Coastal Plain 

sediments in this region of Triassic high.lands accounts for all 

of the lithologic types of fragmental rocks found in the Triassic 

rocks. Mudrock flow material moved from the mountain face in the 

interstream areas of the Triassic basin and these poorly-sorted 

deposits of mud and boulders are penetrated by Well DRB 9. 

Farther from the mountain face the same poorly-sorted sediments 

occur but without boulders or material generally coarser than 

granule size, and these deposits are penetrated by Well DRB 11. 

Streams that drain the mountainous region back from the face 

depositcd alluvial fans that enlarged areally but decreased in 

grain size as distance fsnm the mountains increased. These muddy 

sand deposits are penetrated by Well DRB 10. Rased on the 

mineralogy of the sediments at Wells DRB 10 and DRB 11, subse- 

quent erosion not only removed the Triassic highland, but also 

removed 1800 to 2400 meters of Triassic sediments. 
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TABLE 1 .  SEMIQUANTITATIVE MlllERALOGY OF SAMPLES FROM WELL ORB 1 0  BY X-RAY OlFFRACTlON FROM USGS, percent 

Cl iy  Minerals 
Ortho: Plogio- Laumon- koo l i -  I l l i t e  brim- Mixed 

Descript ion q u a r t z  c l a s e  c l a s s  Ca lc i t e  t i t e  n i t e  Nica r i l l o n i t e  Ch lo r i t e  Layer To ta l  

Gray semiconsolidated 57 3 0 0 0 28 3 .  1 0 2 94 
f i n e  sandy clay.  some' 
maroon patches.  . . 
Tuscaloosa formation 

nard l i g h t  gray sandy 32 10 3 . 0 0 15 24 4 2 0 90 
c l ay ,  not  p l a s t i c .  . . 
Tuscaloosa formation . . '  
Top of T r i a s s i c  Rock . . 

Red s i l t s t o n e ,  t h i n  l a r k  
of green s i l t s t o n e  and clay 

Reddish brown s i l t s t o n e  . 

Red s i l t s t o n e  
. , 

Pinkish white  a rkos ic  
sandstone 

Reddish-brown sandstone 
and s i l t s t o n e  

Brownish tan arkose with 
bands of claysrone and 
coarse sandstone 

Pink arkose 

Red mudstone 

Maroon muds tone 
gray sandstone 

Pink arkose 

Maroon mudstone 

air, ark03c 

Gray sandstone 
Pinkish t an  sandstone 

Tan and gray sandstone 

Gray white  arkose 

Yellow and gray sandstone 

Brown gray c l ays tone  
and sandstone 

Red claystone 

Red claysyone 

Reddish gzay sandstone 

Gray sandstone 
pink arkose 

Pink and gray sandstone 



TABLE 2. MIliERALOGY OF CORE SAMPLES FROM WELL DRB 10  BY THIN SECTION PETROGRAPHY (USGS), percent  

B i o t i t e  F e ~ r u g i n o u s  
Muscovite o r  T a q c e  Cement 

c a l c i t e a  Laumontite Epidote C h l o r i t e  o r  S e r i c i t e  Hornblende hlinerals  o r  Matrix Remarks Depth, m Feldspar 

5 Fine sandstone (Top) 30 
Red sandy c l a y s m n e  15 
(Middle) 

60 Quartz as angular  g r a i n s  
80 Quartz s t r a i n e d  and cracked 

Pink a r k o s i c  sandstone 50 Magnetite <5%, z e o l i t e s  a s  cement; 
f e l d s p a r  a l t e r e d ;  q u a r t z  s t r a i n e d  
and cracked 

Maroon mvdjtone 45 

Tan a r k o s i s  sandbtone 45 
Garnet t r ;  z e o l i t e s  a s  cement; 
f e l d s p a r  smashed; q u a r t z  mild 
s t r a i n ,  smashed Pink a rkos ic  san js tone  SO 
Clo ts  o f  q u a r t z ,  c h l o r i t e ,  and 
ep idote  rep lace  s i t e s  o f  mafic 
minerals.  Quartz s t r a i n e d .  Red mudstme 25 

Maroon mudstone [Top) 40 
Gray sandstone (3ottom) 60 Magnetite <5 

Pink arko;ic sandstone 50 Clo ts  o f  c h l o r i t e  and ep idote  
rep lace  s i t e  o f  mafic minera l s  

<50 Maroon mudstone 50 

Limy sands tone (Top) 60 
Pink a rkos jc  sandstone 40 
(Middle) 

Quartz crushed and granula ted  

Tan sands:c.ne (Top) 35 Dir ty  c h l o r i t e  r i c h  mat r ix  
50%. q u a r t z  s t r a i n e d  and 
crushed 

Pink a r k o s i c  sandstone 60 20 0 5 
(Bottom) 

Tan and gray sandstone 40 25 0 15 Amorphous mat r ix  lo%,  z o i s i t e  
t r ;  c h l o r i t e  and magneti te 
rep laces  b i o t i t e ;  q u a r t z  
s t r a i n e d  Gray a r k o r i c  san is tone  40 15 0 30 

Yellow anc gray sand- 40 2s 0 25 
s tone  (Top) 
(Middle) 35 IS 0 5 

Clay 5-10% 

Gray c l a y s t m e  and 35 (5 1 . 7  
sandstone 



TABLE 2. (Continued) 

Depth, m Des c r i p t i o n  Quartz 

10116.5- Red c lays tone  
1007.0 

1072.4- Red c lays tone  
1073.0 

1114.7- Reddish gray sandstone 45 
1115.1 

1219.8- Pink a&osic  sandstone 40 
1220.2 (Top) 

Gray sandstone (Bottom) 50 

1280.4- Pink and gray sandstone 35 
1280.8 

B i o t i t e  Ferruginous 
Mus covi t e  o r  F)paque Cement 

Fe ld jpar  c a l c i t e a  Lamonci te  Epidote C h l o r i t e  o r  S e r i c i t e  Hornblende Minerals o r  Matrix Remarks 

50 C a l c i t e  nbdules 

40 C a l c i t e  nodules 

Apat i te  t r  

a .  By carbonate a n a l y s i s  



TABLE 3. MIIiERALOGY OF CORE SAMPLES FROM WELL DRB 11 BY X-RAY DIFFRACTION, percent 

Clay Minerals 
I l l i t e  Mixed 

Depth, m Description Q ~ a r t z  Orthoclase Plagioclase Ca lc i t e  Hematite Kaolinite o r  Mica Chlori te  Montmorillonite Layer 

311.5 Light gray sandy clay 81 5 

317.7 Gray hard medium sand 85 12 

321.3 Greenish gray s i l t s t m e  89 3 

326.1 Red and gray s i l t s ton :  9 7 

TOP OF TRIASSIC 

Red s i  l t s tone  

White s i l t s t o n e  

Red muds tone (swelled) 

Red muds tone (swelled) 

Green clay sea# 

Green s lay  

Maroon muds tone 

Gray clay seam 

Maroon muds tone 

Green seam 

Gr i t ty  mudstone 
adjacent '  t o  70° shear  

Maroon muds tone 

Maroon muds tone from 
waxy face of  70' shea'r 

396.3 Maroon muds tone 58 tr 2 7 
with green dots  

397.0 Maroon mudstone 46 tr  

411. 8 Maroon muds tone 54 2 
w i t t i  very f i n e  sand 

443.7 Maroon mudstone 56 3 

457.4 Maroon mudstone 53 ' t r 

480.2 Maroon mudstone 58 tr  

503.8 Maroon mudstone 50 4 

505.9 Purple  mudstone 61 1 

533.2 Maroon mudstone 60 

564.2 Maroon mudstone 48 

579.2 Maroon mudstone 67 
with medium sand 



TAGLE 3. ( ~ o n t i n h d )  

Clay Minerals 
I l l i t e  Mixed 

Depth, m 

580.4 

587.8 

Description Quart- 

48 

Orthoclase P1agio:lase Ca lc i t e  Hematite 

33 . 4 

Kaolini te  o r  Mica Chlori te  Montmr i l lon i t e  Layer --- 
12 3 Maroon muds tone 

from eroded core 

Green p l a s t i c  clay 
seam 1 inch th ick  

Maroon muds tone 
with c a l c i t e  dots  

Maroon mudstone from 
"caving zone" 

Maroon mudstone f r o s  
below "caving zone" 

"caved material" from 
bottom of  hole 

Maroon mudstone 
(eroded core) 

Maroon mudstone from 
zone of cone f rac tu res  

Maroon mudstone 

Maroon muds tone 

Maroon mudstone 

Maroon muds tone 

Maroon sandy mudstone 

Ca lc i t e  nodules i n  
maroon muds tone 

Maroon mudstone . 

Maroon sandy muds tone 
with c a l c i t e  nodules 

Maroon mudstone 

Maroon muds tone 
above sheared zone 

Maroon muds tone 
within sheared zone 

Gouge mater ial  a t  
bottom of  sheared 
zone 

Maroon mudstone below 
sheared zone 

Maroon mudstone 

a. Contains 254 unknown 



. . TABLE.  4. RELATIVE PERCENTAGES OF'MINERALS I N  SAMPLESa 
FROM WELL DRB 11 

Mixed 
Sample Depth, m ~ a ~ e r ~  Illite Chlorite Halloysite Hematite 

a. <2 microns. 
b. Illute/montmorillonite material 



TABLE 5. MINERALOGY OF SAMPLES FROM WELL P l Z R  BY X-RAY DIFFRACTION,  percent 

I .  Clay Mineralsa 
Ortho- Plagio- Launon- I l l i t e  Mixed 

I)eptl~,  m Descr ip t ion  Quartz c l a s e  c l a s e  t i t e  Hematite Kaol in i te  o r  Mica C h l o r i t e  Layer 

302.4 White c l a y  88 9 3 tr 

315.8 White f r i a b l e  sand 87 9 3 1 

324.4 Red f r i a b l e  sand 73 20 5 2 

331.3 White f r i a b l e  coarse  sand 88 3 1 8 

331.6 Top of T r i a s s i c  rocks '  

332.1b S o f t  t a n  mudstone 

332.3 S o f t  red  mudstone 

339.1 ' S o f t  r e d  mudstone 

340.7 Hard r e d  mudstone 
(cracked when d r i e d )  

344.9 Hard r e d  mudstone (cracked) 

345.0 Green i n c l u s i o n  o f  r e d  mudstone 

351.7 Red mudstone 

351.8 Green mudstone 

352.6 Hard r e d  mudstone (cracked) 

353.5 Green c lay  

354.0 Hard green and r e d  mudstone 

357.2 Hard r e d  mudstone (cracked) 

361.2 Hard r e d  mudstone (cracked) 

371.0 Hard pebbly mudstone 

376.7 Hard green c lay  

378.7 Hard green and r e d  mudstone 

380.6 Pebbly mudstone 

Average o f  sand above T r i a s s i c  

Average of T r i a s s i c  

a. Clnntmoril lonite could not be  i d e n t i f i e d  with X-ray machine used.  
b. Observed X-ray peaks i n d i c a t e  8% phosgeni te  (PbCG3-PbC12), however t h i s  i d e n t i f i c a t i o n  i s  suspec ted  t o  be erroneous.  



Well Description 

DRB 10 Pink fr iab le  sandscone 

Grayish brown hard 
sandstone 

MaroJn muds tone 

Marc~n muds tonea 

DRB 11 Marom mudstone 

P12R MaroJn mudstone 

-ABLE 6..  AVERAGE MINERAL COMPOSITION OF T R I A S S I C  ROCK, percent 

Clay Minerals 
I l l i t e  Mixed 

Orthoclase Plagioclase Hematite Kaolinite or  Yica Chlorite Montmorillonite Layer 

27 .6  5 . 1  26.0  12 .7  6 . 3  5 . 0  

16 3.4  19.4 22.6  11.4  9 

a. By thin sect ion petrography. 



TABLE 7. FRAGMENTS I N  T R I A S S I C  ROCK I N  WELL DRB 9, 
percent o f  total fragments 

Biotite-Hornblende- 
Chlorite Schists 
and Associated 

Depth, m Gneisses Quartzite Augen-Gneiss 



TABLE 8. FRAGMENTS I N  T R I A S S I C  ROCK I N  WELL DRB 10, 
percent o f  t o t a l  fragments 

Chlorite Schists 
and Associated 

Depth, m Gneiss Quartzite Augen-Gneiss 

a. Some augen-gneiss may be present due to increased 
K-feldspar content in the rocks, but no augen-gneiss 
rock fragments were found. 



LIST OF FIGURES 

1 Location of  t h e  Dunbarton basinb 

Conceptual c ros s  s e c t i o n  o f  t h e  Dunbarton T r i a s s i c  bas in  
according t o  Marine and S i p l e  '(1974). DRB 8 ,  9 ,  10 ,  and 
P5R a r e  we l l s ;  SP5 and 19 a r e  shot  p o i n t s  on se i smic  t r a v e r s e .  

Aeromagnetic map showing t h e  Dunbarton T r i a s s i c  b a s i n  accord- 
i ng  t o  Marine arld S i p l e  (1974) and t h e  ground magnetic 
t r a v e r s e  t o  Barton, SC. Note t h e  aeromagnetic c h a r a c t e r i s -  
t i c s  o f  t h e  reg ion  of explored c r y s t a l l i n e  metamorphic rock 
i n  t h e  northwestern p a r t  o f .  SRP, t h e  T r i a s s i c  b a s i n  i n  t h e  
sou theas t e rn  part ,  t h e  reg ion  of  magnetic h ighs  and lows 
southeas t  o f  SRP, and t h e  f e a t u r e l e s s  r eg ion  around t h e  
south o f  Barton, SC. (Aeromagnetic contours  a r e  taken  
from P e t t y ,  Pe t r a fe so ,  and Moore, 1965.) 

Locations of  w e l l s ,  r e f l e c t i o n  se i smic  t r a v e r s e s ,  t h e  Dun- 
ba r ton  T r i a s s i c  b a s i n  a s  p r e s e n t l y  i n f e r r e d ,  f a u l t s  i n  t h e  
T r i a s s i c  b a s i n  from t h e  se i smic  survey,  and in fe r r ed .body  
of  denser  metamorphic o r  igneous rock underlying t h e  T r i a s s i c  
rock.  Coordinates a r e  from an a r b i t r a r y  g r i d  used a t  SRP 
i n  meters .  

Cross-sec t iona l  model of  Dunbarton T r i a s s i c  b a s i n  based on 
gravi ty-magnet ic  t r a v e r s e  along A-A' o f  Fig.  3 .  

Cor re l a t ion  of se i smic  and d r i l l  ho l e  information i n  t h e  
v i c i n i t y  of  an i n f e r r e d  f a u l t .  

P r o f i l e  o f  Wells DRB 11 and P12R and i n f e r r e d  f a u l t  zone. 

Locations of  Wells DRB 11 and P12R and i n f e r r e d  f a u l t  zone. 

Schematic diagrams of land  forms of  t h e  Dunbarton T r i a s s i c  
bas in  i n  l a t e  T r i a s s i c  t ime.  



Piedmont 
Plateau 

Atlanta 

Augusta Coastal 

GEORGIA 
Plain 

Dunbarton Triassic Basin v 

Atlantic 
Ocean 

0 
&O 

Savannah 

k m 

Figure 1. 1,oca.tj.o~ o f  t h e  nunharton ba.sin,  



NW DRB SP SP DRB 
8 19 5 9 

DRB .P5R 
10 

,Coastal Plain Sediments 

C 

0 2 4 6 8 10 12 14 16 
Kilometers From Well  DRB8 

Figure  2 ,  Conceptual c r o s s  s e c t i o n  of  t h e  Dunbarton T r i a s s i c  
bas in  according t o  Marine and S i p l e  (1974). DRB 8, 9, 10, and 
P5R a r e  we l l s ;  SP5 and 19 a r e  shot  p o i n t s  on se i smic  t r a v e r s e .  



Figure 3. Aeromagnetic map.showing the Dunbarton Triassic 
basin according to Marine and Siple (1974) and the ground magnetic 
traverse to Barton, SC. Note the aerornagnetic characteristics of 
tho region of explored crystalline metaerorphic rock in the north- 
western part of SRP, the Triassic basin in the southeastern part, 
the region of magnetic highs and lows southeast of SRP, and the 
featureless region around the south of Barton, SC. (Aeromagnetic 
contours are taken from Petty, Petrafeso, and Moore, 1965.) 
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Figure 4. Locations of wells, reflection seismic traverses, 

the Dunbarton Triassic basin as presently inferred, faults in 

the Triassic basin from the seismic survey, and inferred body of
 

denser metamorphic or igneous rock underlying the Triassic rock.
 

Coordinates are from an arbitrary grid used at SRP in meters. 



Figure 5. Cross-sectional model of Dunbarton Triassic basin 
based on gravity-magnetic - -  - traverse - along A-At of Fig. 3. 
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S= from s e h i c  survey 
H = measured in holes 

Distance from Fault, km 

Figure 6. Correlation of seismic and drill hole information 
in the vicinity sf an infcrred fault. 
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Figure 7 .  Pro f i l e  of Wells DRB 11 and P12R and in fe r red  
f a u l t  zone. 



Figure: 8. Locations of Wells DRB 11 and P12R and i n f e r r e d  
f a u l t  zone. 
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Figure 9. Schematic diagrams of land forms of the Dunbarton 
Triassic basin in late Triassic time. 




