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Forcword

This report describes the first documented instance of post-Tertiary
fault displacement in the southeastern United States. The conclusion that
movement has taken place along the Belair fault zone near Atlanta, Georgia
in Holocene time could have major influence on tecténic models fo¥
eastern North America and on the siting of large engineered structures.

Because of the potential importance to the scientific and engineering
communities, I believe that it.ié important that the provisional results
described in thié report be made public as rapidly as possible. It
is equally important to emphasize the preliminary nature of the conclusicns
andAmake~clear the scientific uncertainties involved. The major uncertaintics

are:

1. Uncertainties as to the significance of the radiocarhon dates

‘The principal basis for ascribing a Holocene age to the latest
movement on the'Belair fault zone is furnished by radiocarbon dates on
carbonaceous material in sediments offset by one of the faults in the
zone. As noted in Appendix A, this carbonaceous material was sparsely
disseminated in a few discrete lenses in the sediments. Because of the
‘small amount of carbon, it was necessary to mix CO, gas collected from
burning samples from a number of lensecs with;;nrge volumes af €0, gas of
known age in order to have enough to carry out analytical procedures
necessary for an age determination. The analytical uncertainties
introduced by the dilution and by the counting procedures are given in

the table in Appendix A.



A~léss measurable uncertainty is whether the age of the carbon
is the actual age of the faulted scdiments, or whether some of the carbon
could have ﬁeén introduced after deposition; ifafhe latter has occurred,
the youngest faulted sediment could be significantly older than Holocene.
Every cffort has becn made to exclude this possibility (Appendix A)
but it is difficult to prove with data at hand that no fragments of

vounger carbon werce introduced by roots or animal burrows and that no

.
.

soluble carbon was carried in by ground water.

.This uncertainty could be resolved by the discovery of much more
carbon-rich material such as large wood fragments or'ﬁeat in the
sediments cut by faults of the Belair Zone. A search will continue both
in the vicinity of the trench described in this report -and in other
favorable locations along the Belair fault zone.

2. Uncertainties regarding the rate and character of movement along the

fault

Until additional detailed stratigraphy of the deposits coffsect by
faults of the Belair zone is defined, the rate and character of movement
along the faults must remain uncertain. It is not yet possible to
establish whetﬁer movement has been by creep,‘thch would not necessarily
be accompanied by carthquake activity, or by sporadic, sudden displacements
that may have been associated with secismicity.

These uncertainties may be resolved if additional studies reveal

varied displacements for a number of different dated stratigraphic

horizons offset by faults of the zone. Careful analysis of precisc
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<. survey lincs across the fault zone and recording of possible selsmicity
in the vicinity of the Belair fault zone are other techniques that
could yield data on recent or currcent activity and chavacter of movémont
along the fault zone.

3. Uncertainties regarding the significance of the Belair fault zone

in the regional tectonic framework of the eastern United States

Poust-Cretaceous {ault movements have not been generally recognized
and accepted up to now in the eastern U.S. Displacemeants of Cretaceous
and younger strata have recently been found in several areas between
Washington, D.C. and Augusta, most of them at or near the inner edge of
the Coastal Plain. Recognition of Holocene movement on the Belair fault
zone thus raises the possibility of Holocene movement on other faults
in the eastern United States. This possibility may significantly affect
interpretation of the modern tectonics of eastern Worth America and the
assessment of ground displacement aﬁd earthquake risks in the eastern
United States,

Just as it is no longer valid to assume a priori that any fault
in the eastern United States has not moved during Holocene time, it is
not necessary to assume that any given fault has moved that recently.
Faults of concern must be considered individually and ic timing and
character of movement established on the basis of locél evidence. The
‘Qotential of the Belair fault zone for generation of earthquakes is not
kaovn presently; its potential way not be necessarily similar to Holocene
faults in California because castern U.S. is in a different tectonic

repimen.



The chlogical Survey, through its basic rescarch‘investigations
and its programs for Reactor Hazards lesearch and Earthduake Hazards
Reduction, is attempting to develop and evaluate geologic and geophysical
evidence that may shed light on the age and pattern of faulting and
other crustal movemenls in the castern United States. Ultimately, this
research will lead to devclopment of more satisfactory tectonic models
.

for the eastern part of the continent in the context of the new theorics

of plate tectonics.
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Preliminary Evidence for llolocene Movement Along the Belair Fault Zone
Near Augusta, Georgia
David C.‘Prowcll,lj Bruce J. O'Connor,Z/‘and Meyer Rubinl/
Abstract

The Belair fault zone has the youngest displacement recognized to
daete in the southeastern United States and is the only fault zone
dated as having moved in Holocene time. A trench cut across one of the
faults in the zone shows lenses of organic material cut by and dragged
into the fault. Radiocarbon dates indicate that this organic material
is younger than 2500 years.

Introduction

The Belair fault zone is in castern Geérgia (Richmond County) a
few miles west of Augusta. TFigure 1 shows the relationship of the fault
zone to the regional geology and surrounding landmarks. The first
reported exposure of the zone (0'Connor and others, 1974) is in a clay
pit 170 years (155 m) south of U.S. Highway 78-278, about 10 miles
(36 km) west of Augusta. At this locality, weathered phyllite of the
Little River Series of Crickmay'(l939) of probable Precambrian 2 age
~has been thrust over Coastal Plain (Tuscaloosa Formation) sediments of
Late Cretaceous to Early Tertiary(é) age by a reverse fault trending

-

o R . . . . .
I, 257 E. and dipping 50° SE. Detailed mapping and extensive augering

1/ u.s. Geological Survey, Reston, Virginia 22092

LY . )
2/ Georgla Department of Natural Resources, Farth and Water

Division



“and drilling by the United States Geological Survey and the Georgia
Department of Natural Resources, Parth and Water Division indicate that
this fault is one of a zone of en echclon faults. The fault zone is

at least 13 miles (21 km) long, and meximum known cunmulative vertical
displacement across the zone is 100 feet (30 m).

This study is part of the Reactor Hazards Program of the U.S.
Geological Survey; the program is directed toward identifying and
determinigg-the geographic distributions of geologic processes that

.night affect the safe siting of nuclear powver reactors.
Regional stratigraphy
Piedmont rocks

The Belair fault zone cuts both Piedmont and Coastal Plain rocks
end the unconformable contact between them. Piedmont rock involved in
the faulting is mostly low-grade metavolcanic phyllite of the Little
River Serics (Precambrian Z?). Cleavage in the phyllite strikes generally
northeast and dips southeast. Locally, the phyllite is highly contorted,
and small tight {folds are common. ’Surface exposures of phyllite aré
highly weathered to white, orange, red, gray, or green saprock and saprolite.
The saprolite ia&er over the hard unweathered'pﬁyllite is conmmonly more
than 100 fect (30 m) thick. Less than a mile (about 1 km) north of
‘the northernmost known trace of‘the fault zone {(where it‘is tentatively
Xtrapolated into the Piedmont) the phyllite is in high-angle contact
Sith a coarse-grained muscovite-biotite gneiss. Disp]avcmvgt of this
tontuct by the fault zone is not known.

2



Coastal Plain deposits

fhe basal unit in the Coastal Plain in the Augusta area is the
Tuscaloosa Formation, which unconformably overlies the weathered phyllite
of the Little River Series. It is gencrally less than 200 feet (60 m)
thick and is characterized by micaceous, kaolin-rich, medium- to
coarse~grained arkosic sands of fluvial origin. Discrecte kaolin lenses
as much as tens of feet (about 8 m) thick, many gravel‘layers, and
crossbedding are common. The base of the Tuscaloosa is characterized
by a layer of gravel 6 to 12—in&hes (15-30 cm) thick. Oxidation of
iron~bearing heavy minerals commonly stains the Tuscaloosa red, crange,
ian, or purple. The Tuscaloosa Formation has been traditionally dated
as Late.Cretaceous in castern Georgia and has been correlated with the
Tuscaloosa Formation of Alabama. The equivalent unit in South Carolina
is called the Middendorf Formation.

The upper unit of the Coastai'Plain in the Augusta area 1is the
Barnwell Formation. The Barnwell is Iargély a fine- to medium-grained
argillaceous quartz sand commonly stained dark red. Small gravel lenses
and thin discontinuous kaolin layers are common. The well sorted,
strongly crossbedded nature of the sands and the local. callianassid
burrows indicate that this part pf the Barnwell Is a shallow marine
deposit. Spore-rich horizons in the Baruwell southwest of -Augusta
contain Foceue (Claiborne to Jackson age) floras. Because Tuscaloosa
material has been reworked into the basal Barnwell, the unconformity

between them has not been accurately wmapped.



Surficial deposits
- Minor accumulations of colian sand and small peat deposits have

been recognized in the vicinity of the fault zone. The colian sand
is a fine-grainced quartz sand containing bits of organic matter.
Its thickness rarcly exceeds 20 feet (6 m), and it commonly occurs
on high ridges. It is generally considered Pleistocene, although
its true agé is not known. The sand overlies the fault zone in,
several places, but we do not know whether its base has been offset.

Othcg surficial deposits include alluvial and colluvial debris
lecally including a peat bed éf Holocene age and lenses containing
Holocene-organic material.

Description of fault zone

The Belair fault zone is a scries of at least seven en echelon

reverse faults extending from 0ld McDuffie Road on the Fort Gordon

Military Reservation to the quarry on the Savannah River north of

[
0

tugusta (fig. 1). The unconformiiy at the base of the Tuscalcosa
the only easily recognized marker horizon offset by the fault.
Individual faults are approximately' 1 to 3 miles (2 to 5 km) long and

gouge zones arc only a few feet wide at most. The vertical separation

of the unconfofmjty across the zone increases from south to north, and

the zone comprises more individual faults in the north. At the northeramost
known cxtent of the fault zone, the total cumulative vertical separation

is about 100 feet (30 m). The southermmost control points necar the

south end of the military reservation, however, iundicate separation of



about 15 feet (5 wm). The southward slope of the unconformity on the
southeast block is more than twice the normal slope of the unconforumity
in this part of Georgia, suggesting that the southecast block was the
active block, moving up and tilting southward during faulting.

FYaults in the zone are exposed at two localities about 4 miles
(7 km) aparti The first locality is in the clay pit near U.S. Highway
78-278 mentioned in the introduction (locality A, fig. 1). Thefe the
fauvlt can be traced for a distance of apprdximatcly 2,500 feet (760 m).
The fault planc strikes N. 25° to 30° E. and dips 50° SE. This fault
offéets the basal Tuscaloééa unconformity 60 feet (18 m) (vertical component
of movement) and juxtaposes phyllite and Tuscaloosa sands. Distinct
slickensides in the fault piane are in two sets, one plunging directly
dcwndip'and the other plunging § 50° ¥. Bedding in the Tuscaloosa is
slightly warped by the fault within about 20 fect (6 m) of the fault planc,
and small fault splays commonly offset bedding in the Tuscaloosa west
of fhe principal fault plane. Th;.phyllite is commonly leached white
along the fault plane, making it simiiar in color to kaolinitic Coastal

(I }
Plain sands.

The second locality is at the intersection of Interstate Highway 20
and Bobby Joﬁeé Freeway (locality B, fig. 1). There, two rveverse faults
juxtaposc phyllite and Tuscaloosa sediments along planes striking
K. 299 E. and dipping 52° SE. One exposuré;shows the Piedmont-Coastal
Plain unconformity dragged about 30° upward within about 10 feet (3 )
of the fault planc.

At both localities, all obscrved exposures of the faults have

almost identical attitudes, generally paraliel to cleavage in the phyllite.
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fiowever, because the faults in the zone are en cchelon, the trend of
the zone ranges from N. 20° to 50° E.  (sce fig. 1).
Recency of faulting -

Holocene faulting dis indicated by structural-stratigraphic relations
(fig. 3) exposed in a backhoe trench cut across the fault at locality A
(figs. 1 and 2), on December 3, 1975, where drilling previously had
demonstrated 55 feet (24 m) of vertical secparation on the basal Tuscaloouss
unconforiity. The upper few feet (about 1 m) of material exposcd by
the trench is oxidized colluvial debris that has crude inclined bedding
and consists of sand, clay, and angular fragments of phyllite and quartz.

This debris contains some tree roots and has a distinct A soil horizon

at its top. The colluvial debris does not appear to bp cut by the fault.
Below the colluvial debris is an accumulation of faintly and discontinuously
bedded clayey sand which contains some small phyllite fragments and a
few angular quartz fragments as much as 5 inches (13 cm) in diametevr. T
accunulation is interpreted as sediments reworked from the Tuscalcosa
Yormation on the upblock; it lacks sedimentary structures and textures
characteristic of the Tuscaloosa.

Within the reworked Tuscaloosa sediments in the downblock are
scattered light-gray lenses 3 inches (8 cm) thick and 18 inches (46 cm)
long. These lenses, which consist of clayey sand and minor organic
-material, define a zone about 2 feet (60 cm) thick (fig. 3). A composite
cumple of organic materdal fyom these lensces yielded a radiocarbon age

r

of 400 4 300 years B.P. These reworked Tuscaloosa sediments are

«

runcated by the fault at the cast end of the trench. The faint layering



in the reworked sedimenté is dragged upward 3;6 inches (8—15 cm) within
about 12 inches (30 cm) of the fault plane.
On the upblock, similar reworked Tuscaloosa sediments overlie a
1~ to 2- foot (30-60 cm)-thick remnant of Tuscaloosa Formation coﬂtaining
the characteristic basal gravel. This gravel in turn unconformably
overlies white phyllité. A gray lens containing minor organic material
in the rcworked Tuscaloosa sediments is drapgped deown about 3 inches
{8 cm) within a foot of the fault and truncated by the‘fault (fig. 4).
The unreworked Tuscaloosa Formation and the unconformity have been
dragged downward about 5 feet (1.5 m) within 10 feet (3 m) of the fault
Aplane. | ’
Clayey sand contazining minor organic material similar to that in the
lenses in the reworked Tuscaloosa gediments on both sides of the fault
is incorporated in the fault gouge (fig. 4). A composite sample from
this material and lenses in the upblock yielded a radiocarbon age of
2,450 + 1,000 years B.P. Yrom these relations, we conclude that the
Jatest movement on the fault postdates deposition of the reworked Tuscaloosa
sediments and the gray lenses contained therein.
A clay pit about 100 yards (35 m) east of the trench (fig. 2)

1/

exposed a 0-5-foolt (0-1.5 m)-thick peat lens.= The hase of this lens

was at the same elevation as the ground surface at the trench. The top
of the pecat lens contained many large horizontal trec trunks. Radiocarbon
dates on wood from the top of the peat lens indicate an age of 1,540 + 200

vears B.P. Similar material from near the base yielded an age of

2,200 4 300 years B.P. The exact relations between the peat Jeus and

.

- }! Subsequent cxcavation in the clay pit has completely removed this lens,
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the revorlked Tuscaloosa cut by the fault are uncertain, but the peat
and the reworked material may have been contemporancous, or the oréanic
material in the gray lenses may have been derived from the peat lens.
CONCLUSTONS

The evideﬁce from the trench indicates movement on_the fault since
2,450 4 1,000 years B.P. The dip-slip compounent of this movement must
have been at Jeast 3 feet (1.2 m) in order to account for the length of
gray lens material in the fault élane (a to b, fig. 4). Shearing out
of this gray lens material is the only logical explanation for its
aiignment in the fault plane. At least 3 feet (1 m) of displacement
must have taken place since deposition of the zone of gray lenses in
the reworked sediments on the downblock. This distance is measured
along the fault plane {rom the base of the zone of gray lenses on the
dovnblock (¢, fig. 4) to the top of.the gray lens truncated by the
fault in the upblock (d, fig. 4). 1If the date of 400 + 300 years B.P.
on the gray lenses from the downblock ' is valid (sec appendix A), this

movement must have taken place in the last few hundred years.
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Appendix A
Radlocarbon dates and theilr significance

Two groups of materials related to the Belair fault at Jocality A
(figs. 1 and 2) have been dated: 1) five camples from the peat lens
formerly eprsed in the clay pit, and 2) two composite samples from the
gray lenscs cxposed in the trench. The tép of the peat lens was dated
by threc samples, and gives ages of 750 years, 1,020 yecars, and 1,540
years, all with a possible error of 200 years. The boftom of lhe peat
lens was dated by two samples, 2,020 and 2,390 years old, again with a
possible errox of 200 years., - We believe that fhe dates on the woed are
the most reliable. Samples from the gray lenses in the upblock and from
a lens incorporatea in the sheared material of the fault were combined
to yield a very small amount of carbon fhat gave an age of 2,450 + 1,000
years B.P. A composité of samples of gray lens matefial from the down-

block yielded a small amount of carbon having an age of 400 + 300 years B.P.

The following table summarizes this data:

Lab No. Tield No. Description Ape (Years B.YT.)
W-3452 Avt 2, 5, From lenses in trench 400 + 300
: 6a, 6b .
Vi-3447 Awt 8a, 8b, From upblock and shear 2,450 + 1,000
8d of fault
W-3208 RIC-4 Wood and peat from top R 750 + 2060
‘ of swamp
W-3209 RIC-4 Alkali soluble fraction 1,020 + 200
of W--3208 . :
W-3212 KT1b Wood from top of swawmp 1,540 + 200
W-3210 RIC-6 . Wood and organic watter . -
from bottom swamp 2,020 £ 200
W-3211 RT-3 Wood frem base of :
swamp 2,390 4 200
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- Taken as a group, all samples arce younger than 2,500 years. The large
error quoted 1s due to the fact that the samples had such small quantitics
of carbon. Three of the samples had to be diluted with 6, 7, and 24 times
the yield oﬁ carbon dioxide with a gas of known age in order to count their
radioactivities. This dilution reduces the reliability of the apge to the
eryYors given iﬁ the table. As much as 1,300 grams éf the gray leqs material
was burned in order to obtain even these low quantities of carbon dioxide.
Ordinaril§, 10 grems of peat or wood would be sufficient. This means that
small amounts of contaminants coﬁld make a.significant contribution to the
total carbon treated.

Carbon in the samples of the gray lens materials was in the form of
1- or 2-uwm particles of {fibrous woody material widely dispersed among the
sand grains, and a few twigs 20 mm long and 1 mm thick. XNo staining
indicative of soluble carbon was seen on the grain surfaces. The visible
particles could acccunt for the cargon obtained in each burn. Pollen and
spores were very rare in the clay-size fracticn., Cuticular material wvas
abundant, possibly from a leaf source. Because of its particulate forn,
the carbon is prebably indigenous to the sediments rather than having born

subsequently introduced.
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