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The integration of aeromagnetic, LiDAR, and previously acquired seismic-reflection data and surficial geologic 
maps supports the existence of the East Coast fault system (ECFS) and faults associated with its 12° Summerville 
restraining bend beneath the South Carolina Coastal Plain. Aeromagnetic data revealed a 10- to 15-km-wide 
zone of subtle, 22- to 35-km-long linear magnetic anomalies trending ~N10°E across the southern meizoseismal 
area of the 1886 Charleston earthquake that we postulate are associated with Cenozoic low-displacement brittle 
faults in the crystalline basement west of Charleston. We hypothesize that lineaments ML4 and ML5 represent the 
principal displacement zone along the southern end of the ECFS because they coincide with steeply dipping, west-
side-up buried faults interpreted from previously acquired seismic-reflection profiles and dextral offset of ~320 m 
in the Brownsville Pleistocene beach ridge deposit. The alignment of the NNE-SSW-oriented Edisto dome, uplift 
along releveling line 9, gently upwarped longitudinal profiles along the Caw Caw and Horse Savanna swamps, 
local incision along the Ashley River, and exposures of the early Oligocene Ashley Formation near the incised 
part of the Ashley River support Quaternary uplift along the southern ECFS. The 12° change in trend formed by 
lineaments ML4 and ML5 supports the existence of the Summerville restraining bend along the ECFS, east of 
which are numerous ENE-WSW- to NW-SE-oriented LiDAR lineaments that we postulate are surface 
expressions of faults that formed to compensate for the increased compression produced by dextral motion 
along the bend. Sinistral displacement along one of these proposed faults associated with the ~40-km-long, 
east-west-oriented Deer Park lineament may have produced the main shock of the 1886 Charleston earthquake.

RÉSUMÉ

L’intégration de données aéromagnétiques, de données lidar et de données de réflexion sismique récemment 
obtenues ainsi que de cartes géologiques de surface appuie l’existence du système de failles de la Côte est (SFCE) et 
des failles associées à son inflexion de restriction de 12 degrés de Summerville au-dessous de la plaine côtière de la 
Caroline du Sud. Les données aéromagnétiques ont révélé une zone de 10 à 15 kilomètres de largeur d’anomalies 
magnétiques linéaires subtiles sur une longueur de 22 à 35 kilomètres, orientées approximativement vers le 
nord à 10 degrés est à travers l’aire pléistoséiste méridionale du séisme de Charleston de 1886 qui, postulons-
nous, sont associés à des failles cassantes de faible déplacement, cénozoïques, dans le socle cristallin à l’ouest de 
Charleston. Nous supposons que les linéaments ML4 et ML5 représentent la principale zone de déplacement le 
long de l’extrémité méridionale du SFCE parce qu’ils coïncident avec des failles enfouies dont le toit est à l’ouest 
et qui s’inclinent profondément, interprétées à partir de profils de réflexion sismique précédemment obtenus 
et du mouvement dextre d’environ 320 mètres dans le dépôt de la levée de plage du Pléistocène de Brownsville. 
L’alignement du dôme Edisto orienté du nord-nord-est au sud-sud-ouest, le soulèvement le long de la ligne du 
levé d’appoint 9, les profils longitudinaux doucement bombés le long des marécages Caw Caw et Horse Savanna, 
l’incision locale longeant la rivière Ashley et les affleurements de la Formation de l’Oligocène précoce d’Ashley 
près de la partie enfoncée de la rivière Ashley appuient l’hypothèse d’un soulèvement quaternaire le long du SFCE 
méridional. La variation de 12 degrés de l’orientation créée par les linéaments ML4 et ML5 appuie l’existence de 
l’inflexion de restriction de Summerville dans le SFCE, à l’est des nombreux linéaments lidar orientés de l’est-
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INTRODUCTION

The main shock of the August 31, 1886 earthquake oc-
curred northwest of Charleston, South Carolina, near 
Woodstock at ~9:51 PM, followed 8–10 minutes later by a 
smaller earthquake west of Rantowles to the south (Dutton 
1889, pp. 215 and 273) (Fig. 1). Moment magnitude, Mw, 
estimates of the main shock range from 6.9 (Bakun and 
Hopper 2004) to 7.3 (Johnston 1996). Based on Wells and 
Coppersmith’s (1994) study of earthquake magnitude ver-
sus fault rupture length, the fault rupture that produced the 
main shock was likely at least 25 km long.

Contemporary reports suggest that two epicenters were 
associated with the Charleston earthquake (Woodstock and 
Rantowles) (Dutton 1889) and possibly a third one near 
Middleton Place (McKinley 1887) (Fig. 1). The location 
of the Rantowles epicenter is less certain because of fewer 
anthropogenic structures and swampier conditions in the 
southern meizoseismal area (Dutton 1889). The complex 
shape of Earle Sloan’s isoseismal contours (Dutton 1889, 
plate XXVII) (Fig. 1) and the 8–10 minute separation be-
tween the two earthquakes suggest that at least two faults 
ruptured August 31, 1886: one trending east-west north of 
the Ashley River and the other trending NNE-SSW in the 
southern meizoseismal area. The right-lateral displacement 
of the Charleston & Savannah Railroad near Rantowles 
(Dutton 1889, plate XXV) (Fig. 2) suggests that the sec-
ond earthquake west of Rantowles was produced by dextral 
strike-slip displacement on a NNE-SSW-oriented fault.

Despite numerous investigations of the meizoseismal 
area (e.g., Rankin 1977; Gohn 1983), the location and ori-
entation of the causative faults have remained elusive for 
several reasons. First, the modern seismicity in the area 
has been sparse and clustered (e.g., Chapman et al. 2016), 
rather than along well-defined trends. Furthermore, little 
seismicity has been recorded in the areas of greatest inten-
sity near Woodstock and Rantowles (Fig. 2). Thus, the Mid-

dleton Place-Summerville seismic zone (MPSSZ) may not 
accurately reflect the locations of the faults that ruptured 
August 31, 1886. Second, fault plane solutions from the 
MPSSZ show a wide variety of fault types and orientations 
(Shedlock 1988; Madabhushi and Talwani 1993; Chapman 
et al. 2016) that are from displacements along several faults 
with different orientations. Third, faulting beneath the 700- 
to 1100-m-thick, southeast-dipping wedge of Cretaceous 
and Cenozoic unlithified sediments and weakly lithified to 
indurated sedimentary rocks beneath the Charleston re-
gion (Gohn 1988) would likely fold rather than fracture the 
overlying strata (Stein and Yeats 1989). Fourth, the swampy, 
densely forested area throughout much of the meizoseismal 
area makes it difficult to identify surface evidence of fault-
ing. Fifth, the humid climate, easily eroded surface sedi-
ments, and the rapid urbanization of the Charleston region 
in modern time have erased much of the evidence of ground 
rupture that may have once existed. Finally, low Cenozoic 
fault slip rates in the eastern United States (Prowell 1988, 
0.3–1.5 m/myr) result in small cumulative displacements, 
thus making it difficult to identify Cenozoic faults in the 
landscape and on regional aeromagnetic and gravity maps.

Because of these factors, numerous hypotheses have been 
presented to explain the 1886 Charleston earthquake and 
MPSSZ. Seeber and Armbruster (1981), for example, pro-
posed that backslip on the Appalachian décollement caused 
the main shock. Talwani (1982) postulated that the Charles-
ton earthquake and MPSSZ are from stresses produced 
by the intersection of the NNE-SSW-oriented Woodstock 
fault and the NW-SE-oriented Ashley River fault. Behrendt 
(1983) proposed that displacement on a NE-SW-oriented 
listric fault along the southeastern edge of the Triassic Jed-
burg basin near Summerville may have caused the Charles-
ton earthquake. Using a digital elevation model and river 
morphology, Rhea (1989) interpreted a topographically 
high area in the northwestern part of the Charleston re-
gion that she postulated is from uplift, although she did not 

nord-est/ouest-sud-ouest au nord-ouest/sud-est que nous supposons des expressions en surface de failles qui se 
sont formées pour compenser la compression accrue produite par le mouvement dextre le long de l’inflexion. 
Le mouvement senestre le long des failles proposées associé au linéament d’une quarantaine de kilomètres de 
longueur orienté d’est en ouest de Deer Park pourrait avoir produit la principale secousse du séisme de Charleston 
de 1886.

[Traduit par la redaction]

Figure 1. (next page) Summary map showing structural domes (bold contours), buried faults interpreted from seismic- 
reflection profiles (solid triangles, U on upthrown side), and linear magnetic anomalies ML1–ML5 (green lines). Abbrevi-
ations of faults (black lines), LiDAR lineaments (blue lines), and scarps are shown in Tables 1 and 2. The thick red parallel 
lines represent the interpreted uplift along the ZRA and ECFS. Red dots are epicenters of small modern earthquakes east of 
Adams Run (U.S. Geological Survey 2021). The incised part of the Ashley River is highlighted with thick red contour. Red 
contours labeled 1–3 are LiDAR-derived elevation profiles along the Caw Caw and Horse Savanna swamps and along the 
Ashley River valley and Cypress Swamp (uplifted parts are dashed). Orange patterns along the lower Ashley River valley 
are Pleistocene fluvial terraces from Marple and Hurd (2020). Lines labeled 4–8 are elevation profiles across the Ashley 
River valley and Cypress Swamp. The dashed contour is the outer isoseismal contour of Sloan (Dutton 1889). Index map 
in the upper left shows the location of the study area with the Modified Mercalli Intensity contours of the 1886 Charleston 
earthquake from Bollinger (1977) overlain.
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Table 1. Fault name abbreviations.

Abbreviation                      Fault 

ARFZ 
BF 
LF
MPF
SBF
SF

Ashley River fault zone
Berkeley fault
Lincolnville fault
Middleton Place fault
Sawmill Branch fault
Summerville fault

Abbreviation Lineament or scarp

ARL
BHL
CL
DL
DPL
EL
FQL
LBL
LVL
MS
MGL
MHL
OTL
SS
SWS
WL

Ashley River lineament
Boone Hill lineament
Coosaw Creek lineament
Dawkins lineament
Deer Park lineament
Eagle Creek lineament
French Quarter lineament zone
Lambs lineament
Lincolnville lineament
McChune scarp
Magnolia Gardens lineament
Mount Holly lineament
Otranto lineament
Summerville scarp
Summerwood scarp
Waring lineament

Table 2. Abbreviations for names of lineaments and scarps.

Figure 2. (next page) Summary map showing seismicity recorded between 1974 and 2021 (yellow dots) (U.S. Geological 
Survey 2021), seismic-reflection profiles with locations of interpreted faults (black ticks, U on upthrown side), and linear 
magnetic anomalies ML1-ML5 (green lines). Previous interpretations of faults are grey and red lines. Light grey area in the 
northwest part of the area is the topographically higher area interpreted from the LiDAR data of Marple and Hurd 
(2020, fig. 2). The pre-Pliocene high near Summerville is shown by the thick grey contour. The incised part of the Ashley 
River is highlighted with thick red contour. Tables 1 and 2 show the abbreviations of faults, LiDAR lineaments (blue lines), 
and scarps (contours with ticks). Red dots are epicenters of small modern earthquakes east of Adams Run. Isoseismal 
contours of Sloan (Dutton 1889) are dashed. S1 is the location of the “ridges or permanent waves” along the Northeastern 
Railroad described in Dutton (1889, pp. 291). S2 is the location along the South Carolina Railroad where the direction of 
compressions reversed direction during the 1886 Charleston earthquake (Dutton 1889, pp. 287, 288, and 295). S3 is the 
location of significant S-shaped deformation of the Northeastern Railroad caused by the seismic waves during the 1886 
Charleston earthquake (Dutton 1889, pp. 290).

attribute it to any known subsurface structures. Figure 2 
(shaded area) shows this topographically high area 
interpreted from a LiDAR image of the Charleston region 
shown in figure 2 of Marple and Hurd (2020). Talwani 
(1999) modified his 1982 model in which he hypothesized 
that the Woodstock fault is offset 3–4 km to the southeast by 
the NW-SE-oriented Ashley River fault. Based on 
geological and geophysical data and anomalous changes in 
river morphology, Marple and Talwani (2000) postulated 
that the main shock of the Charleston earthquake occurred 
along the southern end of the ECFS, locally known as the

Woodstock fault. Using shallow drill-hole data, Weems and 
Lewis (2002) hypothesized that scissors-like compression on 
a crustal block between a north-south-oriented Adams Run 
fault and the NW-SE-oriented Charleston fault causes co-
seismic displacements on the Woodstock, Summerville, and 
Ashley River faults (Fig. 2). Marple and Miller (2006), in 
contrast, postulated that the 1886 Charleston earthquake was 
associated with a 12° restraining bend in the ECFS south of 
Summerville and that the MPSSZ is from displacements 
along the ECFS and smaller faults east of the fault bend (Fig. 
1). Based on fracture data from colonial Fort Dorchester near 
the Ashley River, Bartholomew and Rich (2007) attributed the 
main shock of the Charleston earthquake to reverse dis-
placement on a NW-SE-oriented, near-vertical Dorchester 
fault. Durá-Gómez and Talwani (2009) and Talwani and 
Durá-Gómez (2009) modified Talwani’s (1999) model in 
which they postulated that the Woodstock fault (WF) is offset 
~6 km to the southeast along the Ashley River valley and that 
the northern and southern segments−WF(N) and WF(S)−dip 
≥ 50° to the northwest. They also postulated that the main 
shock of the 1886 Charleston earthquake occurred on the 
~13-km-long, NW-SE-oriented, southwest-dipping Lincoln-
ville reverse fault between WF(N) and WF(S) and that the 
second smaller earthquake west of Rantowles occurred on 
WF(S). Marple (2011) argued against an offset in the 
Woodstock fault based on the lack of evidence for uplift 
within the proposed restraining offset where a compressional 
pop-up between WF(N) and WF(S) would be expected. Based 
on seismic-reflection, seismicity, aeromagnetic, and gravity 
data, Chapman and Beale (2010) hypothesized that the 
Charleston earthquake was caused by compressional 
reactivation of a NE-SW-oriented early Mesozoic extensional 
fault. Using the results of a one-year portable seismic network 
that was deployed near Summerville in 2011 and 2012, 
Chapman et al. (2016) postulated that the main shock of the 
1886 earthquake occurred on a ~22-km-long, N6°E-oriented 
reverse fault dipping ~43°W and that the MPSSZ represents 
aftershocks from 1886 (Fig. 2). Based on LiDAR, seismic-
reflection, and surficial geologic data, Marple and Hurd 
(2020) postulated that the main shock in 1886 was caused by 
sinistral strike-slip displacement on an east-west-oriented 
fault associated with the ~40-km-long Deer Park lineament1

1 Deer Park lineament was incorrectly referred to as the Deer Creek 
lineament on page 86 of Marple and Hurd (2020).
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near Woodstock (Fig. 1). They further concluded that this 
fault is one of several that formed to compensate for the in-
creased compression caused by dextral displacement along 
a 12° restraining bend in the ECFS, referred to herein as 
the Summerville restraining bend (Fig. 2). Based on repro-
cessed seismic-reflection and aeromagnetic data and 
recently acquired ground penetrating radar (GPR) profiles, 
Pratt et al. (in press) interpreted several NE-SW-oriented 
faults deforming the Cretaceous and younger Coastal Plain 

strata in the epicentral area of the Charleston earthquake.
   A major weakness of most of these hypotheses is that they 
attributed the 1886 Charleston earthquake to a single fault 
rupture, despite the evidence for at least two fault ruptures 
as previously discussed. Our goal was to reevaluate legacy 
aeromagnetic, LiDAR, and seismic-reflection data and 
surficial geologic maps to evaluate evidence for and against 
the existence of the ECFS and faults associated with the 
Summerville restraining bend. 
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Initial aeromagnetic studies of the Charleston region

Initial aeromagnetic studies of the Charleston 
region (Popenoe and Zietz 1977; Phillips 1977, 1988; 
Daniels et al. 1983), combined with other geophysical 
and deep corehole data (Rankin 1977; Gohn 1983), 
revealed that the thick sedimentary wedge beneath the 
South Carolina Coastal Plain is underlain by the South 
Georgia Triassic rift basin, several early Mesozoic mafic 
and ultramafic plutons, and numerous N-S- and NW-SE-
oriented early Mesozoic diabase dikes. Phillips (1988) 
used edge-enhanced grey-scale aeromagnetic images 
illuminated from the northwest to map buried early 
Mesozoic border faults and diabase intrusions. Figure 3 is a 
portion of his aeromagnetic image in the Charleston 
region that he digitally enhanced in 1988 (J.D. Phillips 
2020 written communication). He interpreted a ~50-km-
long, NNE-SSW-oriented aeromagnetic lineament 
between Summerville and the Santee River (Fig. 2, ML5) 
that Marple and Talwani (2000) postulated is associated 
with the ECFS. The aeromagnetic data of Daniels (2005) 
used in this study are discussed later in the Methods 
section.

Previously mapped faults in the Charleston region

Seismic-reflection studies of the Charleston region have 
revealed a number of buried faults offsetting Cretaceous and 
younger strata beneath the outer Coastal Plain. Using Vi-
broseis seismic-reflection data, Hamilton et al. (1983) inter-
preted the west-dipping Gants fault on United States Geo-
logical Survey (USGS) profile SC6 northeast of Summerville 
and the west-dipping Cooke and Drayton faults on 
profiles SC4, SC5, and SC10 southwest of Summerville 
(Figs. 2 and 4). Marple and Talwani (2000) later reinter-
preted the Gants and Cooke faults on lines SC6 and SC10 
to be associated with the ECFS. Hamilton et al. (1983) 
also interpreted a ~7-km-wide “zone of missing J” on 
profiles SC4 and SC10 in which the J reflection 
(Jurassic basalt layer) is weak or missing. Marple and 
Miller (2006, fig. 13) interpreted a small,~10 ms (two-way 
travel time, TWTT) west-side-up offset of the J horizon 
along the western edge of this zone at CDP 285 on 
seismic line USC4 and concluded that the J horizon 
continues ~1.5 km farther to the east than on profile 
SC4. Farther east, the reflector amplitudes on line USC4 
are much weaker like those on profile SC4. One 
possible explanation for the weaker amplitudes is that 
a change in surficial sediments across this zone could 
have dampened the signal strength during data 
acquisition. However, surficial geologic maps of this area 
(e.g., Weems et al. 2014) do not show such a change 
above this zone. Alternatively, the weak reflections to the 
east could be from minor fracturing in this zone. 
Diffractions near the east end of line SC4 (Hamilton et 
al. 1983) support minor faulting within this 
zone. Reprocessing of seismic-reflection profile SEISDATA4, 

Figure 3. (a) Grey-scale aeromagnetic image of the Sum-
merville, South Carolina, area digitally enhanced and illu-
minated from the northwest by J.D. Phillips (2020 
written communication). Brighter areas indicate greater 
magnetic intensities. (b) Map for image (a). Green lines 
are linear aeromagnetic anomalies (e.g., ML5). SF is 
the Summerville fault.

an industry line that overlaps profile SC4, also 
supports minor faulting of the J horizon across the 
zone of missing J (Buckner 2011).
  The Kansas Geological Survey, in collaboration with 
the University of South Carolina, acquired four other 
seismic- reflection profiles (denoted USC) across the pro-
posed ECFS using the Mini-Sosie and 8-gauge shotgun
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Figure 4. Part of USGS seismic-reflection profile SC4 
showing the Drayton fault of Hamilton et al. (1983) and 
the uplifted J horizon. CDP is central depth point. 
Modified from Hamilton et al. (1983). Interpreted 
horizons: K – Upper Cretaceous, J – Jurassic basalt layer. 
Location of profile is shown in Figure 2.

methods (Marple and Miller 2006) (Figs. 1 and 2, locations 
1, 3, 4, 9, and 10). Most of these profiles show buried 
steeply-dipping, west-side-up faults along the ECFS, 
commonly with folding of the overlying Cretaceous 
and Cenozoic strata (Figs. 5 and 6). Marple and Miller 
(2006) also interpreted a strike-slip fault along profile 
VT2 (Fig. 1, location 8, CDP 485) that was acquired 
by Virginia Polytechnic Institute and State University 
(Virginia Tech, denoted VT) where it crosses the ECFS 
south of the Ashley River. Although no vertical dis-
placement was observed at this location, they interpreted 
a steep, west-dipping fault based on a narrow zone of 
low coherence that diverges upward into a positive 
flower structure in the overlying Cretaceous and younger 
strata. Two other seismic-reflection profiles in 
northeastern South Carolina also show buried faults 
where they cross the ECFS (Marple and Talwani 2000, 
figs. 20 and 21).

Near the northern end of COCORP (Consortium for 
Continental Reflection Profiling) seismic-reflection profile 
C3 north of the Ashley River is a buried, south-dipping, 
~700-m-wide Cenozoic graben in which the horizons 
across the graben are offset down to the south (Schilt et 
al. 1983) (Figs. 1 and 2, location 12, and Fig. 7). This 
normal-style structure is anomalous in the eastern USA 
where reverse and transpressional strike-slip faulting 
have dominated the Cenozoic. The J horizon near the 
southwest end of profile C3 is offset up to the southwest 
~100 m across a gap in this profile at the Ashley River 
valley (Schilt et al. 1983, fig. 9), which could be ass-
ociated with the Ashley River fault of Talwani (1982). 
Vibroseis seismic-reflection profiles acquired by Virginia 
Tech near Summerville in the early 1980s revealed 
several other buried faults offsetting Cretaceous and 
younger strata (Costain and Glover 1983; Chapman and 
Beale 2008) (Fig. 2).

Figure 5. Interpreted seismic-reflection profile USC1 
across the interpreted East Coast fault system (ECFS). 
CDP is the central depth point. Figure 4 caption defines J 
and K reflectors. Note the ~4-km-wide uplift of the hori-
zons across the ECFS. Modified from Marple and Miller 
(2006). Unlabeled dashed lines are arbitrarily chosen 
Cenozoic horizons.  Location of profile is shown in Figure 2.

Figure 6. Interpreted seismic-reflection profile USC5 across 
the interpreted East Coast fault system (ECFS). CDP is the 
central depth point. Figure 4 caption defines J and K 
reflectors. Note the 3- to 4-km-wide uplift of the horizons 
across the ECFS. Modified from Marple and Miller (2006). 
Unlabeled dashed lines are arbitrarily chosen Cenozoic 
horizons. Location of profile is shown in Figure 2. Also note 
the low coherency of the reflectors approximately between 
CDPs 230 and 290.

  Other Cenozoic faults have been mapped in the Charleston 
region using seismicity, aeromagnetic, shallow drill-hole, and 
other seismic-reflection data, including the Adams Run, 
Ashley River, Berkeley, Charleston, Lincolnville, Middleton 
Place, Sawmill Branch, and Summerville faults (Weems and 
Lewis 2002; Marple and Miller 2006; Talwani and Durá-
Gómez 2009; Marple and Hurd 2020) (Figs. 1 and 2).
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Figure 7. Part of the COCORP seismic-reflection profile C3 showing south-side-down offsets of the B (crystalline base-
ment) and J horizons and the Cenozoic graben along the proposed McChune fault. VP is vibration point. The topographic 
profiles above the seismic sections are from Marple and Hurd (2020, fig. 5, profile 18). Modified from Schilt et al. (1983). 
Location of profile is shown in Figure 2.

East Coast fault system (ECFS)

Marple and Talwani (1993) interpreted a ~200-km-long 
buried dextral strike-slip fault system, locally known as the 
Woodstock fault near Summerville, in the Coastal Plain of 
South Carolina based on a “zone of river anomalies” (ZRA) 
that coincides with upwarped strata, steeply-dipping bur-
ied faults interpreted from seismic-reflection profiles, a 
~50-km-long aeromagnetic lineament near Summerville 
(lineament ML5 in this study), and focal mechanisms of 
microearthquakes near Summerville that indicate dex-
tral strike-slip motion. Marple (1994) identified a second 
~200-km-long ZRA crossing the inner part of the North 
Carolina Coastal Plain that coincides with Cenozoic surface 
faults to the northeast near the Fall Line. Marple and Talwani 
(2000) continued this fault system into southeastern Virgin-
ia and named it the East Coast fault system (ECFS) (Fig. 1). 
They divided the ECFS into southern, central, and northern 
segments that are separated by ~10-km-wide right-step off-
sets. Marple and Hurd (2021) redefined the location of the 

central segment in southern North Carolina, thus making 
it continuous with the ECFS in northeastern South 
Carolina where it forms the 15° Cape Fear re-
straining bend. Uplifted Pliocene-Pleistocene fluvial 
terraces in the lower Cape Fear River valley in 
southern North Carolina (Markewich 1985; Soller 1988) 
and the dextral offset in the Brownsville Pleistocene 
beach ridge northeast of Summerville (Marple and 
Hurd 2020) (Fig. 8) suggest that deformation along the 
ECFS may have begun during the Pleistocene.

One of the most studied areas along the ECFS lies between 
the Ashley River and Lake Moultrie. Quaternary uplift 
along this part of the ECFS, combined with depositional 
and erosional processes associated with Pleistocene 
paleoshorelines, caused this area to be topographically 
higher than the surrounding areas (Marple and Hurd 
2020) (Fig. 2). Pleistocene beach ridges that cross this 
area have been uplifted at least 4 m (Marple and Hurd 
2020, figs. 12b and 13, profile 26) and the pre-Pliocene 
horizon at depth has been uplifted 10–15 m across the ZRA
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Figure 8. (a) LiDAR image of the ~320-m dextral offset in 
the Pleistocene Brownsville beach ridge deposit. Figure 1 
shows the location of this offset. (b) Interpretation of im-
age (a).

(McCartan et al. 1984, cross-section B-B’; Weems and 
Obermeier 1989). Changes in the age and nature of the 
sediments along a ~10-km-long section of the Ashley River 
valley floor near the southern edge of this topographic 
high indicate that it too has been gently uplifted during 
late Pleistocene or Holocene time (Marple and Talwani 1993, 
2000). Here, the channel is incised 2–3 m below a late 
Pleistocene fluvial terrace that is underlain by sediments of 
the Silver Bluff and Wando formations (units Qsbc and Qwc 
of Weems et al. 2014). In contrast to this part of the 
river valley, the valley floor upstream is an anastomosing 
swamp pattern without a discrete channel and is underlain 
by Holocene alluvium (Cypress Swamp, unit Qal of Weems 
et al. 2014). Downstream from the incised part of the river 
the valley floor consists of Holocene tidal marsh deposits 
(unit Qht of Weems et al. 2014). Figure 9 is a mosaic 
of NAPP (National Aerial Photography Program) colour 
infrared photos that show this change in floodplain type 
along the lower Ashley River valley and Cypress Swamp. 
This area of interpreted uplift between Lake Moultrie and 
the Ashley River coincides with the ZRA (Fig. 1). Our 
results suggest that deformation along the ECFS and the 
McChune fault proposed herein may have produced this 
uplift.

Proposed faults associated with the 
Summerville 12° restraining bend

Using primarily LiDAR data, Marple and Hurd (2020) 
mapped a 30-km-wide area of WSW-ENE- to NW-SE- 
oriented lineaments and scarps east of the Summerville re-
straining bend (Fig. 1), which they concluded are surface 
expressions of faults that formed to compensate for the in-
creased compression caused by dextral displacements along the 
restraining bend, including the Canter Hill, French Quarter, 
Mount Holly, Deer Park, Middleton Place, and Otranto 
lineaments. They postulated that sinistral strike-slip 
displacement on the ~40-km-long Deer Park lineament 
northeast  of  the bend (Fig. 1) produced the main shock of the 
1886 Charleston earthquake. They based their hypothesis on 
the proximity of the Deer Park lineament to the Woodstock 
epicenter and the location along the South Carolina Railroad 
where compressions during the main shock reversed direction2 
(Dutton 1889, pp. 295) (Figs. 2 and 10). Marple and Hurd 
(2020) also noted the presence of topographic scarps that cross 
the ECFS just north of the restraining bend—the east-west-
oriented Summerton and Bethera-McChune3 (BMS) scarps 
(Fig. 2). Marple and Hurd (2020) referred to the east-west-
oriented, south-facing scarp north of the incised part of the

2 The location, S2, where the direction of compressions rever-
sed direction along the South Carolina Railroad during the 
main shock of 1886 was incorrectly located along the North-
eastern Railroad by Weems and Lemon (1988) and Marple 
and Hurd (2020).
3 The Bethera-McChune scarp was previously referred to as the 
Summerville-McChune scarp by Marple and Hurd (2020). 
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lineaments (Figs. 2, 11, and 12).

GEOLOGIC AND SEISMOTECTONIC SETTING

The 1886 Charleston earthquake occurred within the 
swampy, heavily forested outer Coastal Plain where sea-
level  changes during the Pliocene and Pleistocene have 
produced a series of terraces underlain by emergent marine

Ashley River as the Summerville scarp, which is actually the 
Bethera scarp, whereas the Summerville scarp crosses the 
area 1–1.5 km to the north (Doar 2014) (Fig. 1). We, 
therefore, collectively refer to the two topographic 
scarps north of the Ashley River and McChune Branch of 
the Bluehouse Swamp as the Bethera-McChune scarp 
(BMS). Small-displacement buried faults along seismic-
reflection profiles SC10 and VT3b coincide with the 
Middleton Place, Otranto, Eagle Creek, and Coosaw Creek

Figure 9. (a) Mosaic of NAPP colour infrared photographs acquired by the USGS in 1989 along the Ashley River valley and 
Cypress Swamp that shows the change in floodplain environment along the river valley where it crosses the ECFS. The 
Cypress Swamp upstream is dominated by an anastomosing swamp pattern whereas the floodplain to the southeast is an 
estuarine marsh. Between these two areas the floodplain is dominated by forested, late Pleistocene terraces. (b) IHS-en-
hanced subset of the mosaic along the western part of the Ashley River showing the man-made river channel and aban-
doned meandering channels. Location is shown in diagram (a). (c) Interpreted version of diagram (b). Location map in the 
upper right is from Figure 16.
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micity has been recorded near the Woodstock or Ran-
towles epicenters, the MPSSZ may not accurately reflect 
the faults that ruptured in 1886.

Cenozoic structural domes in the Charleston region

Several Cenozoic structural domes have been mapped in 
the Charleston region using shallow drill-hole data (Fig. 
1). Weems and Lewis (2002, fig. 14), for example, 
interpreted two such domes west of Charleston that they 
combined into a ~70-km-long, NNW-SSE-oriented Park-
ers Ferry-Edisto dome (based on structure contours of 
the base of the Ashley Formation) that is bounded along 
its eastern side by a west-dipping Adams Run fault 
(Figs. 1 and 2). Marple (2011) postulated that the ~20-
km-long Edisto dome is a separate dome that was 
produced by Cenozoic uplift along the ECFS. Weems and 
Lewis (2002) also interpreted the Mount Holly and 
Mount Pleasant domes that they attributed to uplift along 
the upthrown (northeast) side of the Charleston fault 
(Colquhoun et al. 1983; Lennon 1985) (Fig. 1). Southeast 
of Summerville are the NW-SE-oriented Fort Bull bulge 
and dome (Weems and Lewis 2002) that are associated 
with uplift along the southwest-dipping, NW-SE-oriented 
Ashley River reverse fault (Talwani 1982; Weems and 
Lemon 1988) (Fig. 1). Other structural domes in the 
Charleston region include the Stono and Bonneau domes 
(Weems and Lewis 2002) (Fig. 1).

METHODS AND DATA USED

The aeromagnetic data that we used for this study 
were acquired from the digital aeromagnetic data of 
South Carolina (Daniels 2005) (Fig. 13). This map con-
sists of eleven separate aeromagnetic surveys flown be-
tween 1958 and 1978 at 500 ft (~150 m) above ground 
and at a 1-mile (~1600 m) flight line separation (Daniels 
2005). Flight line directions were north-south in the 
central part of the study area and east-west in the rest of 
the area. The data were reduced to the pole in order to 
center the anomalies over their sources (Daniels 2005). 
Daniels (2005) performed strike filtering in the direction 
of the flight lines to reduce edge effects. He then re-
gridded the data to an interval of 400 m using a minimum 
curvature gridding algorithm and continued the data upward 
to 1000 feet (~305 m) above ground.

We used the Hillshade tool of ArcGIS to generate shaded 
relief images of Daniels’ (2005) aeromagnetic data using 
various illumination directions, an elevation angle of 35°, and 
a vertical exaggeration of 30×. The data were colorized based 
on variations in magnetic intensities. Basic contrast en-
hancement routines of Adobe Photoshop were used to 
further enhance the aeromagnetic images, including the 
intensity-hue-saturation (IHS) routine. Magnetic intensity 
scales were not generated for the IHS-enhanced images 
because the IHS enhancement significantly changed their

Figure 10. Location of the Deer Park lineament compared 
with the intensity curve of Dutton (1889) along the South 
Carolina Railroad that he derived for the main shock of 
the 1886 Charleston earthquake.

landforms, including estuarine plains, back-barrier marshes, 
lagoonal deposits, and sandy barrier-island ridges (Colqu-
houn et al. 1991; Weems et al. 2014). The terraces are 
bounded on the seaward (southeast) side by Pleistocene 
paleoshoreline scarps, including the Summerville, Macbeth, 
and Bethera scarps near the southern and eastern edges of 
the Penholoway or Wicomico terrace near Summerville 
(Weems et al. 2014; Doar 2014). Pliocene-Pleistocene uplift 
along the ECFS caused some of the paleoshorelines in the 
outer Coastal Plain to develop along and just east of 
the ECFS between the Ashley and Lynches rivers (Marple 
and Talwani 2000, fig. 12).
  Nine of the near surface formations in the Charleston 
region are described in Table 3 because they are integrated 
later with some of the geomorphic observations. Exposures 
of the older, pre-Pleistocene sediments in fluvial valleys 
crossing the Charleston region could indicate Quaternary 
uplift. The late Eocene Parkers Ferry Formation, for exam-
ple, is commonly 50–150 ft (15–50 m) beneath many areas 
of the Coastal Plain (e.g., Weems et al. 2014). Beneath 
the Coastal Plain sediments is a coastward-thickening, 
700- to 1100-m-thick wedge of Cretaceous and Cenozoic,
mostly unlithified sediments interbedded with weakly
lithified to indurated sedimentary rocks that unconformably
onlap and bury early Mesozoic rift basins and pre-
Mesozoic terranes (Daniels et al. 1983; Gohn et al. 1983).

Modern seismicity in the Charleston region

   Hypocentral depths of microearthquakes in the MPPSZ 
(Fig. 2) range from 1 to 12 km (Madabhushi and Talwani 
1993; Chapman et al. 2016). Studies of focal mechanisms 
from the MPSSZ show a wide variety of fault types and 
orientations (Madabhushi and Talwani 1993; Chapman et 
al. 2016) that Marple and Hurd (2020, fig. 14) postulated is 
from small displacements along several faults east of the 
Summerville restraining bend. Chapman et al. (2016), in 
contrast, attributed the MPSSZ to aftershocks from the 1886 
Charleston earthquake. However, because little modern seis-

Chris White
Highlight
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Figure 11. (a) Part of the USGS seismic-reflection profile SC10 of Hamilton et al. (1983) showing offsets in Cenozoic strata 
along the interpreted Middleton Place fault. CDP is central depth point. (b) Interpreted version of profile in diagram (a). 
Modified from Hamilton et al. (1983). Note the diffraction projecting from the fault plane just below 1.0 sec TWTT. Loca-
tion of profile is shown in Figure 2.

Figure 12. (a) Part of the Virginia Tech seismic-reflection profile VT3b showing offsets in the Cenozoic strata along the 
Otranto lineament of Marple and Hurd (2020). CDP is central depth point. (b) Interpreted version of profile in diagram 
(a). Modified from Chapman and Beale (2008). Location of profile is shown in Figure 2.
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First, there is no consistent river channel upstream along 
Cypress Swamp due to its anastomosing pattern (Fig. 9). 
Second, the floodplain environment along the Ashley River 
valley changes from a dry forested terrace along the incised 
part of the Ashley River to a salt marsh downstream with a 
much larger channel affected by tides. Finally, recent field 
reconnaissance of the Ashley River channel near the western 
side of the incised part of the river revealed that the channel 
was straightened and deepened presumably during Colonial 
times to drain this part of the floodplain for rice farming. Old 
rice levees < 1 m high crossing this part of the floodplain are 
still preserved in this area and spoil from  excavating the new 
channel is piled up along the edges of the artificial channel. 
The old meandering channels are easily observed south of 
the artificially straightened channel in Figure 9c.

OBSERVATIONS

Linear aeromagnetic anomalies 
southwest of the Ashley River

   Illumination of Daniels’ (2005) aeromagnetic data from 
various directions revealed a ~10-km-wide zone of several 
subtle 600- to 700-m-wide, 22- to 32-km-long, linear 
aeromagnetic anomalies trending ~N10°E west of Charleston 
that are formed mainly by a slight decrease in magnetization

Table 3. Surficial deposits in the Charleston region discussed in the text.

Unit name Unit age Unit description and depositional environment

Late Eocene (~36 Ma)

Early Oligocene (~29 Ma)

Late Oligocene (~27 Ma)

Late Pliocene (~3.0 Ma)

Stiff to plastic, dense and sticky calcilutite to fine-grained calcarenite that 
formed in a soft-bottomed, shallow-marine-shelf environment.

Dense, erosion-resistant, weakly cemented, light-olive-brown, phosphatic 
and quartzose calcarenite that accumulated in an open-marine-shelf 
environment.

Soft and easily eroded, medium-gray to dusky-green quartz phosphate 
sands that accumulated in a shallow-marine-shelf environment.

Bluish-grey, shelly, clayey, and silty quartz sand that accumulated in a 
shallow-marine-shelf environment.

Early Pleistocene (Penholoway: 730–970 ka; 

Parkers Ferry 
Formation1,2

Ashley Formation3

Chandler Bridge 
Formation4

Raysor Formation3

Penholoway or 
Wicomico Formation2

Ladson Formation2

Ten Mile Hill beds2

Wando Formation2

Silver Bluff beds2

Sand, clayey sand, and clay deposited in barrier, open lagoonal, and 
shallow-shelf-marine environments, especially the barrier and back-
barrier complex near Summerville.

Barrier sand and clayey sand and clay facies deposited in fluvial, estuarine, 
and lagoonal environments.

Poorly consolidated, easily eroded clays and clayey sands deposited in 
back-barrier and shallow shelf environments.

Poorly consolidated, easily eroded sand, clayey sand, and clay that were 
deposited in fluvial, barrier, back-barrier, and estuarine marsh 
environments.
Clayey sand and clay facies that form the fluvial terrace along the incised 
part of the Ashley River valley.

Unit descriptions from the references: 1Weems and Lemon (1984); 2Weems et al . (2014); 3Weems et al . (1997); 4Weems and Lemon (1988).

colour schemes. Magnetic lineaments were spatially 
compared with previously acquired seismic-reflection 
profiles to determine if they spatially coincide with faults 
(Fig. 1).

We also examined surficial geologic maps in the Charles-
ton region (e.g., Weems et al. 2014) to search for evidence 
of uplift along the magnetic lineaments and the LiDAR 
lineaments of Marple and Hurd (2020). Local exposures of 
older pre-Pleistocene strata, like the Parkers Ferry, Ashley, 
Chandler Bridge, and Raysor formations, along stream 
valleys could indicate areas of Quaternary uplift since 
they are normally buried beneath the younger Coastal 
Plain sediments.
    Because anomalous changes in river morphology 
can reveal areas of Quaternary uplift (Schumm 1986), we 
examined topographic profiles constructed across the Ashley 
River valley and Cypress Swamp using LiDAR data to eval-
uate evidence for and against late Quaternary uplift across 
the ECFS in the southern meizoseismal area of the 
Charleston earthquake. We also sought possible evidence 
for late Quaternary uplift along the southern ECFS using 
longitudinal profiles constructed along the Horse Savanna 
and Caw Caw swamps and along the Ashley River valley 
and Cypress Swamp.
   Although channel sinuosities can also be used to infer 
tectonic uplift (Schumm 1986), we did not construct a 
sinuosity profile along the Ashley River for three reasons.
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Figure 13. (a) Colour aeromagnetic image of 
the Charleston, South Carolina, region modified 
from Daniels (2005). Illumination direction is from 
the east. (b) Map of image (a) overlain with 
mafic plutons (patterned areas) in the pre-
Cretaceous basement interpreted from the positive 
aeromagnetic anomalies in image (a).

(Figs. 1, 13, and 14, ML1-ML4). The two most prominent 
lineaments, ML3 and ML4, were enhanced further 
using the IHS enhancement and by illuminating the data 
from 110° (Figs. 14b–14d). The easternmost lineament, 
ML4, is located 1–1.5 km west of and parallels the 
trend formed by the buried faults along seismic-reflec-
tion profiles VT2, USC4, and USC5 (Fig. 1, locations 
8–10) that define the location of the ECFS. Approx-
imately 3 km west of ML4 is magnetic lineament ML3 
that crosses the area of instrumentally-recorded earth-
quakes east of Adams Run (Fig. 1). Lineaments ML3 and 
ML4 coincide with the Edisto dome to the south and 
the interpreted uplifts along Caw Caw Swamp and 
releveling line 9 (denoted R9 in Figs. 1 and 15).

Magnetic lineaments ML1 and ML2 (Fig. 1) were optim-
ally enhanced using the IHS enhancement and a 180° 
illumination azimuth. Unlike magnetic lineaments ML2-
ML4, ML1 is curved (Figs. 14c and 14e). The northward 
projection of ML2 coincides approximately with the west-
side-up Drayton fault along USGS seismic-reflection pro-
file SC4 (Fig. 1, location 11, and Fig. 4, CDP 127). The 
upwarped reflectors west of this fault between CDPs 97 
and 126 and at ~1 sec TWTT also coincide with the 
Parkers Ferry dome (Fig. 1). The northward projections of 
ML1 and ML3 also coincide with the east side of Parkers 
Ferry dome (Fig. 1).

Linear aeromagnetic anomaly ML5
along the ECFS near Summerville

Aeromagnetic lineament ML5 trends ~N22°E near 
Summerville (Figs. 1, 2, 3, and 13) and is located near the 
trend formed by several buried, steeply-dipping, west-side-
up faults (Fig. 1, locations 1–7) and the ~320 m dextral 
offset in the Pleistocene Brownsville beach ridge deposit 
(Fig. 8). ML5 coincides with the ZRA (between thick red 
lines in Fig. 1) and crosses the MPSSZ, the incised part of 
the Ashley River (Fig. 9), and an area where the early 
Oligocene Ashley Formation is exposed beneath the middle 
Pleistocene Ten Mile Hill beds (next section) ( Figs. 1, 

Figure 14. (next page) (a) Enlarged image of magnetic lineaments (arrows) west of Charleston taken from Daniels 
(2005), which he illuminated from the east. Figure 13a shows the location of image (a). (b) IHS-enhanced version of image 
(a) illuminated from 110°. (c) IHS-enhanced version of image (a) illuminated from 180°. (d) Image (b) enhanced further
with additional IHS enhancements. (e) Summary of lineaments interpreted from images (a)–(d).
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Figure 15. LiDAR-derived longitudinal profiles 1–3 along the Caw Caw and Horse Savanna swamps and the Ashley River. 
Red line is an arbitrary reference datum. Profiles 4–8 are LiDAR-derived profiles across the Ashley River valley and Cypress 
Swamp. Locations of profiles are shown in Figure 1.
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formations are exposed along the BMS along the south 
side of McChune ridge, yet are absent to the south (Fig. 
17a). This change in elevation of the Ashley Formation also 
coincides with the 15- to 20-m drop in elevation south 
of the BMS. Beneath the McChune Branch of Bluehouse 
Swamp and the BMS is the ~700-m-wide, south-side-down, 
south-dipping Cenozoic graben on seismic-reflection profile 
C3 (Schilt et al. 1983) (Fig. 2, location 12, and Fig. 7). 
Between McChune Branch and Goose Creek valley to 
the east is a small tributary of Goose Creek that is 
collinear with McChune Branch. The Chandler Bridge 
Formation is locally exposed along this tributary (Fig. 17a). 
Seismic-reflection profiles VT3b and VT4 also cross the 
scarp trend along the 3- to 4-km-wide gap along the BMS 
(Fig. 1). However, profile VT3b bends ~90° to the east 
near the scarp and profile VT4 crosses the scarp trend at a 
low angle (Fig. 2) and are therefore not ideal for inter-
preting faults along this trend. Some fault plane solutions 
of microearthquakes near the BMS trend east-west where 
it crosses the MPSSZ (Marple and Hurd 2020, fig. 1).

Crossing the ZRA just north of the Ashley River is a dis-
continuous, ~20-km-long, low-lying east-west-oriented ridge, 
referred to herein as the Summerwood ridge, and the south-
facing Summerwood scarp that cross various geologic units 
(Fig. 17a). They are also nearly collinear with the Deer Park 
lineament to the east (Fig. 17a). The western end of 
Summerwood ridge is capped by late Pleistocene (70–130 
ka) Ladson barrier sediments (Weems et al. 2014) (Fig. 17a). 
Several horizons near the northwestern end of seismic- 
reflection profile VT3b are gently upwarped beneath Sum-
merwood ridge (Chapman and Beale 2008, figs. 4 and 5, 
CDPs 30-150) (Fig. 2, dashed part of profile VT3b). 

Anomalous outcrops of the Parkers Ferry, Ashley, 
Chandler Bridge, and Raysor formations  

in the northern Charleston region

Several of the older pre-Pleistocene formations that are 
normally buried beneath the younger Coastal Plain sedi-
ments are anomalously exposed in numerous fluvial valleys 
in the northern part of the Charleston region where the ter-
rain is higher (Fig. 16). Between the ECFS to the west, the 
Canterhill lineament (surface expression of the Charleston 
fault) to the east, and the BMS to the south (Figs. 16 and 17b) 
is a NNE-oriented area where the late Eocene to Oligocene 
Parkers Ferry, Ashley, and Chandler Bridge formations 
are exposed along numerous stream valleys. This area is 
also 5–10 m higher than the areas to the east and south 
(Marple and Hurd 2020, fig. 5, profiles 1 and 2) and 
parallels the ECFS to the west (Fig. 16). The oldest 
geologic unit exposed in the Charleston region, the late 
Eocene Parkers Ferry Formation, outcrops along several 
stream valleys (Weems et al. 2014) where they cross the 
northwestern end of the Mount Holly dome and the 
Canterhill lineament along the Charleston fault (Figs. 16 
and 17b). Near Woodstock, the Ashley Formation is 
locally exposed along the anomalous horse-shoe-shaped Blue-

16, and 17a). The trends of ML4 and ML5 intersect south 
of the Ashley River where they form the 12° Summerville 
restraining bend along the interpreted ECFS (Fig. 1).

The longitudinal profile constructed along the 
Ashley River valley and Cypress Swamp reveals a ~15-km-
wide area that is gently upwarped upstream from the late 
Pleistocene terraces associated with the incised part of the 
Ashley River (Fig. 15, profile 1). Cross-valley elevation 
profiles revealed that magnetic lineament ML5 
crosses the area of greatest incision, which is up to 2 m 
deeper than upstream or downstream (Fig. 15, profile 
6). The cross-valley profile upstream across Cypress 
Swamp (Fig. 15, profile 4) shows that the valley floor 
lacks a channel, which is consistent with its anastomosing 
swamp pattern. Downstream, the longitudinal profile is 
slightly upwarped ~1 m where it crosses the Fort Bull 
dome (Fig. 15, profile 1).

New geomorphic and stratigraphic anomalies 
interpreted along the ZRA and ECFS

Investigation of LiDAR data and recently published geo-
logic maps of the Charleston region (e.g., Weems et al. 
2014) revealed new geomorphic and stratigraphic 
anomalies along the ZRA that support the existence of 
the ECFS. Near the coast the ZRA and ECFS coincide 
with the Edisto dome of Weems and Lewis (2002) 
(Fig. 1). North of this dome and near the Rantowles 
epicenter of the Charleston earthquake, the longitudinal 
profile along Caw Caw Swamp is gently upwarped where 
it crosses the ECFS and ZRA (Fig. 15b, profile 3). The 
valley along this part of Caw Caw Swamp is also the most 
deeply entrenched, up to 12 m (Marple 1994, fig. 3.4). About 6 
km north of Caw Caw Swamp and near the interpreted 
fault along seismic-reflection profile VT2 is a ~2-km-long 
gently upwarped part of a longitudinal profile along Horse 
Savanna Swamp (Fig. 15, profile 2). Just south of the 
incised part of the Ashley River, the early Oligocene 
Ashley Formation is locally exposed beneath the middle 
Pleistocene Ten Mile Hill beds, yet is absent to the east and 
west (Weems et al. 2014) (Figs. 16 and 17a). The Ashley 
Formation is also exposed in the bed of the incised Ashley 
River. West of this area the LiDAR image in figure 2 of 
Marple and Hurd (2020) reveals that the Horse Savanna and 
Caddin Bridge swamps are continuous with the north-south- 
oriented part of the Edisto River valley to the west (Fig. 1).

New geomorphic and stratigraphic anomalies 
along the Bethera-McChune scarp (BMS)

The top of the early Oligocene Ashley Formation is ~14 
feet (4.3 m) higher along the south-facing BMS north of the  
incised segment of the Ashley River than that to the 
south (Fig. 17a) (Weems et al. 2014, cross-section A-A’). 
Eastward, the Ashley and late Oligocene Chandler Bridge 
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house and Goose Creek swamps where they intersect the 
Deer Park lineament (Fig. 17a).

Along some of the tributaries of the East Branch of the 
Cooper River and ~7 km northeast of Bonneau dome are 
other anomalous exposures of the late Eocene Parkers 
Ferry Formation (Fig. 16). The early Oligocene Ashley 
Formation is also locally exposed along an ~5 km long 
reach of the North Branch of the Cooper River valley 
where it coincides with the NW-SE-oriented French 
Quarter lineament (Fig. 17b). North of the BMS and west 
of the ZRA are exposures of the Ashley and late Pliocene 
Raysor formations along the Edisto River valley and the 
Four Hole and Cypress swamps (Figs. 16 and 17b).

Outcrops of the Ashley Formation along the 
Ashley River valley south of the BMS

The early Oligocene Ashley Formation outcrops 
along various segments of the Ashley River valley south 
of the BMS where they coincide with the NW-SE-oriented 
Ashley River, Dawkins, and Lambs lineaments of Marple 
and Hurd (2020, fig. 14). For example, northwest of 
Middleton Place and along the Ashley River lineament 
(ARL) of Marple and Hurd (2020) are exposures of the 
Ashley Formation that are absent on the opposite side of the 
valley (Figs. 16 and 17a). The ARL also crosses the greatest 
concentration of micro-seismicity in the MPSSZ (Marple 
and Hurd 2020, fig. 14) (Figs. 1 and 2).

The Ashley Formation also outcrops southeast of Middle-
ton Place along the southwest side of the Ashley River valley 
for ~2 km (Weems et al. 2014) (Fig. 16). These outcrops 
coincide with the Dawkins lineament4 where it crosses the 
Fort Bull dome (Fig. 16). The J horizon on seismic-
reflection profile C3 beneath this part of the river valley is 
~100 m higher to the southwest (Schilt et al. 1983, fig. 9).

Southeast of the NNE-SSW-oriented Magnolia Gardens 
lineament are exposures of the Ashley Formation along 
both sides of the Ashley River valley that coincide with the 
Pleistocene terraces of Marple and Hurd (2020, fig. 3) 
(Figs. 1 and 16). The outctrops along the northeast side of 
this part of the valley coincide with the Lambs lineament of 
Marple and Hurd (2020). This part of the Ashley River 
valley also coincides with the Fort Bull dome and is just 
northeast of the Fort Bull bulge (Fig. 16).

4  The Dawkins lineament was incorrectly referred to as the 
Dawson lineament by Marple and Hurd (2020).

Figure 16. (previous page) Summary map showing area of oldest outcrops of pre-Pleistocene sediments and the ECFS, 
LiDAR lineaments of Marple and Hurd (2020, blue lines), Cenozoic structural domes of Weems and Lewis (2002, bold 
contours), plutons interpreted from Figure 13 (thick orange contours surrounding patterns composed of +s), magnetic lin-
eaments interpreted from Figure 14, and the outer contour of Sloan’s isoseismals of the 1886 Charleston 
earthquake (Dutton 1889). Thick red parallel lines represent the area of uplift interpreted along the ZRA and ECFS.  Light 
grey area in the northwest part of the area is the topographically higher area interpreted from the LiDAR image in figure 
2 of Marple and Hurd (2020). The small red dots are small earthquakes of the Adams Run seismic zone. The orange 
patterns along the lower Ashley River valley are Pleistocene fluvial terraces from Marple and Hurd (2020, fig. 3b). 
CCU is the Clubhouse Crossroads uplift interpreted herein.

DISCUSSION

Origin of the linear aeromagnetic anomalies

Although aeromagnetic lineaments ML3 and ML4 are 
conspicuously linear (Fig. 14b), it is unlikely that they are 
edge effects between flight paths because they trend N10°E 
whereas edge effects from the north-south flight paths 
would trend N0°E. Edge effects would also produce sharp 
linear boundaries between flight paths whereas the 
lineaments are 300–600 m wide (Fig. 14b). Furthermore, 
lineaments ML1 and ML2 are curved (Figs. 14c and 14e). It 
is also unlikely that the magnetic lineaments are associated 
with early Mesozoic dikes in the pre-Cretaceous basement 
because the nearest early Mesozoic dikes to the northwest 
are associated with NW-SE-oriented positive magnetic 
anomalies (Daniels 2005).

Despite the subtle nature of the magnetic lineaments, 
other observations suggest that they are associated with 
low-displacement brittle faults in the pre-Cretaceous crys-
talline basement. First, previous aeromagnetic studies of 
brittle faults elsewhere (e.g., Sims 2009; Yang et al. 2016) 
suggest that the subtle decrease in magnetization along these 
lineaments could be from brittle faulting in the crystalline 
basement beneath the 700- to 1100-m-thick sedimentary 
wedge in the Charleston region. Yang et al. (2016), for exam-
ple, concluded that brittle deformation and fluid infiltration 
along the Yingxiu-Beichuan fault in China caused hydro-
thermal alteration of magnetite along the fault zone, thus 
decreasing the magnetization along the fault trend. Second, 
the proximity of ML4 to the buried faults along seismic- 
reflection profiles USC4 and USC5 (Fig. 1, locations 9 
and 10), the parallelism of the zone of magnetic lineaments 
with the ZRA (Fig. 1), and the coincidence of ML3 and 
ML4 with the Edisto dome (Fig. 1) suggest that late 
Cenozoic compressional deformation and displacements 
along the interpreted basement faults associated with 
lineaments ML4 and possibly ML3 locally uplifted the 
overlying Coastal Plain sediments, thus producing the 
Edisto dome and the gentle uplifts along releveling line 9 
(Fig. 1) and the Caw Caw and Horse Savanna swamps (Fig. 
15, profiles 2 and 3). The parallelism between ML4 and the 
southern part of Sloan’s isoseismals of the Charleston 
earthquake (Fig. 1) suggests that it may represent the fault 
along which the second large earthquake occurred west of 
Rantowles in 1886. The alignment of Drayton fault on seis-
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mic-reflection profile SC4 (Figs. 1 and 4) with the 
north-northeast projection of lineament ML2 (Fig. 1, 
location 11) suggests that ML2 may also be associated with a 
NNE-SSW-oriented fault in the pre-Cretaceous base-
ment, uplift along which may have produced the 
Parkers Ferry dome (Fig. 1). The proximity of ML3 to the 
instrumentally recorded microearthquakes east of Adams 
Run (Fig. 1) suggests that it too may be a Cenozoic brittle 
fault in the pre-Cretaceous basement.

The continuity of magnetic lineaments ML4 and ML5 
and their proximity to several buried faults interpreted 
from seismic-reflection profiles and the dextral offset in the 
Brownsville beach ridge deposit (Figs. 1 and 8) suggests 
that they represent the principal displacement zone 
along the ECFS. Because of the parallelism between 
lineaments ML1–ML4, we postulate that the southern end 
of the ECFS (Fig. 1) is associated with a broad fault zone at 
least 10 km wide. Thus, it is possible that the second 
earthquake on 31 August 1886 west of Rantowles could 
have been produced by dextral strike-slip displacement 
along the ECFS or a secondary fault east of and parallel to 
the ECFS.

Origin of the stratigraphic and geomorphic 
anomalies along the ECFS and ZRA

The anomalously thick exposures of Ashley Formation 
sediments along the BMS just north of the incised part of 
the Ashley River (Weems et al. 2014) (Fig. 17a) suggest that 
the outcrops north of the Ashley River have been exposed 
by late Quaternary uplift along the ECFS. The exposures of 
the Ashley Formation along and south of the incised part of 
the Ashley River valley and their absence to the east and west 
(Figs. 16 and 17a) suggests that this area has also been uplifted 
at least 3–4 m since the mid Pleistocene because of 
transpressional deformation along the interpreted ECFS, 
albeit less than that north of the river. We, therefore, refer to 
this area south of the Ashley River as the Clubhouse 
Crossroads uplift (Fig. 17a). We also considered the possibility 
that these outcrops are associated with buried topographic 
highs that were produced by differential erosion. Various 
observations, however, argue against this scenario. First, the 
incised part of the nearby Ashley River, which is interpreted to 
be from gentle uplift along the ECFS, crosses this area (Figs. 9, 
15, profile 1, and 17a). Second, the Pleistocene fluvial deposits 
between the Clubhouse Crossroads area and the Edisto River 
(McCartan et al. 1984) and the continuity of the Horse Savanna

Figure 17. (previous page) (a) Interpreted part of surficial geologic map of Weems et al. (2014) showing anomalous expo-
sures of the pre-Pliocene Ashley and Chandler Bridge formations. Striped pattern is the ZRA. Abbreviations of faults (solid 
lines) and lineaments (dashed lines) are shown in Tables 1 and 2. Short-dashed pattern along the Ashley River valley 
shows the interpreted uplifted part of the river valley. DR, MR, and SR are the interpreted Dorchester, McChune, and 
Summerton ridges (thick black contours). BSW and CCU are Bluehouse Swamp and the Clubhouse Crossroads uplift. (b) 
Interpreted part of surficial geologic map of Weems et al. (2014) showing anomalous exposures of the pre-Pliocene 
Parkers Ferry, Ashley, and Chandler Bridge formations. Mt. Holly dome of Weems and Lewis (2002) is shown by thick 
black contour. The colors of the Chandler Bridge and Parkers Ferry formations were changed from Weems et al. (2014) to 
make them more visible on both maps.

Swamp with the Edisto River valley to the west (Fig. 1) 
suggests that the Edisto River once flowed southeast-
ward along these swamps during the Pleistocene. Further-
more, the abrupt narrowing of the Edisto River’s Holocene 
valley south of its intersection with the Horse Savanna 
Swamp (Fig. 1) and the Wando-age (70–130 ka) terraces 
along the edge of the lower Holocene valley (Weems et 
al. 2014) suggests that the Edisto River changed direction 
to the south during the late Pleistocene. We, therefore, postu-
late that late Pleistocene uplift across the Clubhouse Cross-
roads uplift and the Parkers Ferry dome (Figs. 1 and 16) 
diverted the Edisto River southward away from its earlier 
course down the Horse Savanna Swamp. Another implication 
of the Clubhouse Crossroads uplift is that it suggests that 
the ECFS continues southward beneath the Ashley River valley, 
rather than being offset to the southeast as previously pro-
posed by Talwani and Durá-Gómez (2009).

The alignment of the Edisto dome, uplift along releveling 
line 9, and the Clubhouse Crossroads uplift (Figs. 1 and 
16) with the gently upwarped longitudinal profiles along the
Caw Caw and Horse Savanna swamps (Figs. 1 and 15)
suggests that they are also likely from late Pleistocene to
Holocene uplift along the ECFS (Figs. 1 and 16, between the
red parallel lines). These upwarped profiles are not likely
from differential erosion because there are no changes in
the surficial geology along these swamps (Weems et al.
2014).

Origin of stratigraphic anomalies
in the northern Charleston region

The higher terrain and anomalous exposures of the pre-
Pleistocene Parkers Ferry, Ashley, Chandler Bridge, and 
Raysor formations in the stream valleys north of the BMS and 
between Four Hole Swamp to the west and the Canterhill 
lineament (surface expression of the Charleston fault) to the 
east (Figs. 16 and 17) suggest that this area has been gently 
uplifted during the Quaternary. Because of the more 
widespread pre-Pliocene outcrops along the east side of this 
topographically high area and because the Parkers Ferry 
Formation is exposed only along the east side of the ZRA (Fig. 
16), we propose that the main source of this uplift is from 
compressional deformation along the ECFS and up-to-the-
north (or down-to-the-south) displacements along the east-
west-oriented McChune fault to the south (Fig. 16). The south-
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terranes beneath the thick sedimentary wedge in the 
Charleston region prevents detection of linear magnetic 
anomalies associated with pre-Mesozoic faults in the deep 
crust beneath the allochthonous terranes. If true, 
reactivation of such a deep crustal fault during Cenozoic 
time could have fractured through the overlying 
allochthonous terranes, Triassic basins, and the 
sedimentary wedge beneath the Coastal Plain to produce the 
ECFS. However, because of the low Cenozoic fault slip rate 
in the eastern USA (Prowell 1988, 0.3–1.5 m/myr), the 
accumulated strike-slip displacement along the ECFS during 
Cenozoic time is likely too small to be easily detected on 
regional gravity and aeromagnetic maps.

Summerville restraining bend

The 12° change in trend between magnetic lineaments 
ML5 near Summerville and ML4 to the south (Fig. 1) and 
their close proximity to the dextral offset in the Brownsville 
beach ridge deposit and buried faults along several seismic-
reflection profiles (Figs. 1 and 2) support Marple and Hurd’s 
(2020) hypothesis that the interpreted faults east of the 
Summerville restraining bend formed to compensate for the 
increased compression produced by dextral motion along 
the restraining bend and that displacements along the faults 
near the bend are responsible for the MPSSZ. Studies of 
fault bends have shown that secondary faults commonly 
develop along restraining bends in strike-slip faults (e.g., 
King and Nábělek 1985).

Possible relationship of the Deer Park lineament 
to the 1886 Charleston earthquake

The location of the Deer Park lineament in the northern 
meizoseismal area where the greatest intensities occurred in 
an east-west direction (Dutton 1889, pp. 301–302) supports 
our hypothesis that the main shock of the 1886 Charleston 
earthquake occurred along a fault associated with this linea-
ment. The effects of the main shock in 1886 were nearly as 
intense near the eastern end of this area as those near 
Woodstock (Dutton 1889, pp. 301). Earle Sloan, for exam-
ple, noted that pine trees two miles (~3.2 km) east of the 
Northeastern Railroad swayed violently during the main 
shock because dried sap had been thrown far from their 
trunks, the bark of which had been stripped to collect sap to 
make turpentine (Dutton 1889, pp. 301–302; Peters and 
Hermann 1986, pp. 58). Other dramatic examples of earth-
quake damage between Woodstock and the Cooper River 
are described in Dutton (1889, pp. 301–302). The Deer 
Park lineament also coincides approximately with the 
location along the old South Carolina Railroad where the 
direction of compressions reversed direction during the 
main shock in 1886 (Fig. 2, site S2, and Fig. 10), which 
Dutton (1889, pp. 295) emphasized in the following quote:

“Is it not a significant fact that every flexure contiguous 
to trestles or other points of rigid resistance, from the 15-
mile post to the 27-mile post, was found to be at the south

dipping Cenozoic graben on seismic-reflection profile C3 
(Fig. 7) suggests that the higher terrain north of this 
part of the BMS is from down-to-the-south displacement 
along the proposed McChune fault.

The alignment of the exposed Parkers Ferry sediments 
along tributaries of the East Branch of the Cooper River with 
the Bonneau dome to the southwest (Fig. 16) suggests that 
there may also be an area of uplift along a NE-SW-oriented 
buried fault. The anomalously straight Bethera paleo-barrier 
deposit just northwest of this trend (Fig. 16) suggests that the 
location of this paleo-barrier could have been influenced by 
uplift associated with NW-side-up displacement along this 
proposed buried fault.

Origin of the Cenozoic structural domes 
in the Charleston region

Besides uplift along Cenozoic faults, we evaluated 
other mechanisms to explain the interpreted Cenozoic 
structural domes in the Charleston region. One such 
mechanism is uplift along faults associated with the edges 
of buried Paleozoic and early Mesozoic plutons. 
Stevenson et al. (2006), for example, postulated that the 
edges of buried plutons in the pre-Cretaceous basement 
are areas of weakness where faults can form when 
favorably oriented relative to the direction of SHmax. 
However, very few of the Cenozoic domes overlie buried 
plutons (Fig. 16). Nor is doming of the Cenozoic strata 
in the Charleston region likely to fracture these uplifted 
strata because the deformation is too gentle. Instead, we 
postulate that the Cenozoic structural domes in the 
Charleston region are from late Cenozoic uplift along 
the ECFS and other buried Cenozoic faults like the 
Charleston fault near the southwestern edge of the 
Mount Holly and Mount Pleasant domes and the Ashley 
River fault zone beneath the Fort Bull bulge and dome (Fig. 
16).

Cenozoic reactivation of a deep-seated
basement fault along the ECFS

Because the ECFS crosses the Alleghanian Eastern Pied-
mont fault system and the early Mesozoic Florence and 
South Georgia rift basins, Marple and Talwani (2000) postu-
lated that the ECFS is a Cenozoic fault system, possibly from 
reactivation of a pre-Alleghanian, deep-crustal fault system 
that was overthrust during the Alleghanian orogeny by the 
northwest transport of allochthonous terranes. This hypoth-
esis is analogous to the ~1600-km-long New York-Alabama 
aeromagnetic lineament that is associated with a Precambri-
an to Cambrian right-lateral strike-slip fault system in the 
crystalline basement beneath the allochthonous terranes of 
the Allegheny Plateau and Valley and Ridge provinces (King 
and Zietz 1978; Steltenpohl et al. 2010; Powell and 
Thomas 2015). However, unlike the low magnetization of the 
terranes of the Appalachian Plateau and Valley and Ridge 
provinces, the higher magnetization of the allochthonous
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end of such resistance; whereas preceding southerly from 
the 15-mile post, the flexures are found at the northerly 
extremities of points of resistance?”
   The implication of this statement is that the main shock of 
the 1886 earthquake occurred on a fault that crossed the 
area beneath this part of the South Carolina Railroad, which 
we postulate is along the Deer Park lineament. The seismic 
waves traveling outward from the fault rupture would have 
produced compressional deformation in opposite directions 
north and south of the rupture at depth.
    The alignment of the east-west-oriented part of the horse-
shoe-shaped Bluehouse Swamp (Fig. 17a), the “ridges or 
permanent waves” trending ~N80°E that Earle Sloan noted 
east of the old Northeastern Railroad and north of Goose 
Creek (Dutton 1889, pp. 291; Peters and Hermann 1986, pp. 
57) (Fig. 2, site S1), the 90° eastward bend in Foster Creek 
(Marple and Hurd 2020, fig. 3a), and the rectangular shape 
of the Foster Creek depression (Marple and Hurd 2020, figs. 
3a and 6a) (Fig. 17b) suggest that the proposed fault along 
the Deer Park lineament is associated with a broad zone of 
deformation and fracturing of the near surface sediments. 
The exposures of the Ashley Formation along the east side of 
the horseshoe-shaped Bluehouse and Goose Creek swamps 
where they cross the Deer Park lineament (Fig. 17a) suggest 
that uplift along the lineament exposed these older and 
normally buried sediments.

Possible relationship between the ECFS and Deer 
Park lineament and the cause of the second  

1886 earthquake west of Rantowles

    Studies of rupture nucleation on faults of various orienta-
tions relative to SHmax (Sibson 1990) suggest that strike-slip 
faults oriented 12° to 42° relative to SHmax are favorably 
oriented for reactivation. Thus, the 41° difference between 
the ~N21°E trend of the ECFS northeast of the Summerville 
restraining bend (ECFS(N)) and the ~N60°E orientation of 
SHmax (Fig. 1) favors dextral reactivation of the ECFS(N) 
whereas the 50° difference between this orientation of SHmax 
and the N10°E-oriented ECFS south of the bend (ECFS(S)) 
(Fig. 1) does not. However, dextral displacement along the 
more favorably oriented ECFS(N) would have added a 
south-directed horizontal stress on the crustal block east of 
ECFS(S) (Fig. 18). Moreover, if the direction of SHmax is 
closer to N50°E as proposed by Chapman et al. ( 2016), 
then dextral motion would also be favored on the ECFS(S).
    Another mechanism that could favor dextral displace-
ment along the ECFS(S) in 1886 is displacement on an 
intersecting fault, such as the interpreted fault along the Deer 
Park lineament. For example, the eastward motion of the 
crust south of the proposed Deer Park fault during the 
proposed sinistral-style strike-slip rupture could have 
decreased the normal stress on the ECFS(S) (Fig. 18), thus 
allowing it to slip dextrally to produce the second earth-
quake 8-10 minutes later west of Rantowles. An example of  
this mechanism is the 1987 Superstition Hills earthquake in 
southern California (Hudnut et al. 1989). During this earth-

quake, sinistral displacement on the NE-SW-oriented El-
more Ranch cross-fault decreased the normal stress on the 
NW-SE-oriented Superstitition Hills fault, thus causing it to 
rupture right-laterally over 11 hours later.

Conceptual model of the Summerville 
restraining fault bend

The interpreted deformation associated with the Sum-
merville restraining bend is complex, as indicated by the 
numerous interpreted faults near the bend (Fig. 2). In gen-
eral, dextral displacement across this bend would cause the 
area to the east to undergo compression whereas the area to 
the west would undergo extension (Fig. 18a). The compres-
sion to the east is accommodated by reverse and strike-slip 
faulting while down-to-the-south displacements along the 
proposed McChune fault west of the bend would accommo-
date extension to the west (Fig. 18a). However, this scenario 
changes when either the ECFS(N) or the ECFS(S) ruptures 
independently of the adjacent ECFS segment. For example, if 
only the ECFS(S) ruptures dextrally, as proposed herein in 
1886, the southward movement of the crust east of ECFS(S) 
would favor extension, rather than compression, east of the 
Summerville bend (Fig. 18b), which is supported by the 
Cenozoic graben on seismic-reflection profile C3 that indi-
cates normal-style faulting along the interpreted McChune 
fault (Fig. 7). In contrast to this scenario, the northward 
displacement of the crust west of the ECFS(S) would cause 
compression west of the Summerville bend (Fig. 18c). Other 
scenarios could explain the complexity of the interpreted 
faults associated with the Summerville bend, but are 
beyond the scope of this paper.

Favorable versus unfavorable orientation of faults 
associated with the Summerville restraining bend

  Most of the interpreted faults associated with the Sum-
merville restraining bend (Fig. 1) are favorably oriented for 
reactivation. The ENE-WSW orientations of the proposed 
faults along the Mount Holly, Middleton Place, Otranto, and 
Deer Park lineaments and the WNW-ESE orientation of the 
BMS relative to SHmax favor sinistral strike-slip displacement 
while the NW-SE orientations of the Charleston fault 
(Canterhill lineament) and the interpreted fault along the 
French Quarter lineament zone favor reverse-style 
displacement. In contrast to the ECFS and other interpreted 
faults east of the Summerville bend, the N57°E orientation of 
the Summerville fault west of the Summerville bend and 
other similarly oriented faults in the Charleston region are 
not favorably oriented for reactivation because they are 
nearly parallel to the N50-60°E orientation of SHmax (Fig. 1).
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Figure 18. (a) General conceptual model showing the 12° Summerville restraining bend in the ECFS. Dextral motion along 
the ECFS causes compression (green pattern) east of the bend and extension (blue pattern) west of the bend. (b) Conceptual 
model in which the crust southeast of the restraining bend and east of the southern ECFS (ECFS(S)) moves independent-
ly of the crust east of the northern ECFS (ECFS(N)), causing extension (blue pattern) east of the Summerville bend. (c) 
Conceptual model in which the southwestern crust moves to the northeast, causing compression (green pattern) west of 
the bend. (d) Conceptual model in which sinistral motion on the Deer Park lineament (DPL) during the main shock of the 
1886 Charleston earthquake decreases the normal stress (Sn) on the ECFS(S), causing it to rupture. The yellow and orange 
patterns to the north represent the topographically high area shown in Figures 2 and 16.

Origin and implications of the dextral offset
in the Brownsville beach ridge deposit

  The alignment of the dextral offset in the Pleistocene 
Brownsville beach ridge deposit northeast of Summerville 
(Fig. 8) with magnetic lineament ML5 and several buried 
faults interpreted from seismic-reflection profiles that cross 
the Summerville area (Fig. 1) strongly suggests that the 
beach ridge offset is from cumulative dextral strike-slip 
displacements along the ECFS. This offset, therefore, has

several implications regarding the seismotectonics in the 
Charleston region. First, the ~320 m of dextral offset and the 
970–730 ka age (Weems et al. 1997) of the Summerville 
barrier island complex of the Penholoway Formation yields a 
minimum average fault slip rate of 0.33 to 0.44 mm per year 
along this part of the ECFS. If, however, the Summerville 
barrier is part of the older Wicomico Formation (1.8–2.12 
Ma, Weems et al. 1997) as proposed by Doar (2014), the slip 
rate would be smaller, 0.15–0.18 mm per year. We, therefore, 
postulate that the ECFS is a Cenozoic fault that has under-
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gone ≤ 320 m of cumulative displacement near Summerville. 
Such a low amount of slip along the ECFS could explain why 
it is not easily identified in the landscape and on regional 
aeromagnetic and gravity maps of the South Carolina 
Coastal Plain. Another implication of the beach ridge offset 
relates to the orientation of SHmax in the Charleston region. 
Although most studies of seismicity, borehole breakouts, and 
GPS data suggest that the orientation of SHmax in the 
Charleston region is ~N50-60° E (Zoback and Zoback 1989; 
Madabhushi and Talwani 1993; Talwani et al. 1997; 
Chapman et al. 2016; Lund Snee and Zoback 2020), other 
recent studies (e.g., Levandowski et al. 2018) have suggested 
that SHmax is oriented nearly east-west. However, the dextral 
offset in the beach ridge deposit indicates that the ECFS near 
Summerville has undergone repeated dextral displacements 
since the middle Pleistocene. Thus, the direction of SHmax 
must be favorably oriented relative to the ~N22°E 
orientation of the ECFS near Summerville to cause dex-tral 
strike-slip displacements along the ECFS. Thus, based on 
Sibson’s (1990) study of fault orientation relative to the 
horizontal compressive stress field, it is unlikely that the 
orientation of SHmax in the Charleston region is greater than 
N60°E.

The beach ridge offset also demonstrates that Cenozoic 
faults beneath the Coastal Plain can locally fracture the 
near surface sediments, albeit too minor to be easily 
recognized at the surface. Similarly, Marple and Hurd 
(2020) suggested that linear drainages along some of the 
LiDAR lineaments east of the Summerville restraining 
bend (Fig. 1) are also likely associated with minor faulting of 
the near surface sediments, thereby causing increased 
erosion and the development of linear drainages along 
these interpreted faults in the Charleston region.

Origin of geomorphic and stratigraphic anomalies  
along the Bethera-McChune scarp (BMS)

The higher elevation of the early Oligocene Ashley For-
mation north of the incised part of the Ashley River, the 
presence of the Ashley and late Oligocene Chandler Bridge 
formations along the south side of McChune ridge to the 
east (Figs. 16 and 17), and the south-dipping Cenozoic gra-
ben on seismic-reflection profile C3 (Fig. 7) suggest that 
the BMS is associated with north-side-up (or south-side-
down) displacements along the proposed east-west-
oriented Mc-Chune fault. The mid-Pleistocene Ladson 
barrier deposits along the tops of the Dorchester and 
McChune ridges (Weems et al. 2014, unit Qls) (Fig. 16a) 
suggest that north-side-up Pleistocene uplift along these 
ridges caused these barrier sediments to be deposited along 
these two ridges when sea level rose to this area 240–730 
ka. Such a process was proposed by Marple et al. (2018) 
along the Merrimack ridge above the Newburyport thrust 
fault in northeastern Massachusetts and by Marple and 
Hurd (2021) along the Sloan and Jarmantown topographic 
highs above the interpreted Faison and Neuse faults beneath

the North Carolina Coastal Plain. Thus, it is likely that the 
Dorchester and McChune ridges represent areas of uplift 
along which the Ladson barrier sediments were deposited 
during the mid-Pleistocene. Likewise, because the 
Summerwood ridge crosses various surficial sedi-
ments and because it is capped to the west by Ladson 
barrier sediments (Fig. 17a), it too is possibly related to 
Pleistocene uplift along the north side of an east-west-
oriented buried fault. The alignment of the ESE-WSW-
oriented tributary of Goose Creek to the southeast with 
the McChune Branch of Bluehouse Swamp and the 
anomalous exposure of late Oligocene Chandler Bridge 
sediments along this tributary (Fig. 17a) suggests that the 
proposed McChune fault continues east-southeast to the 
Goose Creek valley.

Origin of stratigraphic anomalies
along the Ashley River fault zone

Several observations suggest that the LiDAR lineaments 
along the lower Ashley River represent relatively short faults 
of a segmented Ashley River fault zone. For example, the 
exposures of the Ashley Formation along the anomalously 
straight northeastern valley wall that defines the Ashley 
River lineament (ARL) and their absence along the opposite 
side of the valley suggests that the northeast side of this part 
of the valley (Fig. 17a) has been uplifted a few metres to the 
northeast along a fault associated with the ARL. Fracturing 
of the near-surface sediments near this proposed fault could 
have produced the fissure along the northern bank of the 
Ashley River valley during the 1886 earthquake shown in 
plate XXIII of Dutton (1889). The coincidence of the ARL 
with the MPSSZ suggests that this proposed fault is present-
ly active. 

Exposures of the Ashley Formation along the unnamed 
swamp that defines the northwestern end of the Dawkins 
lineament (Fig. 17a) support uplift along this lineament. 
Farther downstream near Middleton Gardens, the coinci-
dence of the Dawkins lineament with outcrops of the Ash-
ley Formation along the southwestern wall of the Ashley 
River valley (Fig. 16) also supports uplift along this linea-
ment, which is consistent with the southwest-side-up fault 
near the southwest end of seismic-reflection profile C3 and 
suggests that the Dawkins lineament may be the surface ex-
pression of this fault. Exposures of the Ashley Formation 
and the Pleistocene terraces downstream from the Magnolia 
Gardens lineament (Fig. 1) and along both sides of the 
Ashley River valley where they cross the Fort Bull dome 
(Figs. 16 and 17a) suggest that this part of the valley has un-
dergone late Quaternary uplift. The linear, northeast side of 
the Ashley River valley along the Lambs lineament suggests 
that it may be associated with uplift along a fault. Based on 
these observations, we postulate that Quaternary fault dis-
placements along the Ashley River, Dawkins, Lambs, and 
Magnolia Gardens lineaments have produced the uplift that 
formed the Fort Bull dome.
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Reevaluation of the ECFS

Among the most conspicuous geomorphic anomalies 
that define the ZRA and ECFS are the north-northeast-con-
vex curves in the Santee, Black, and Lynches rivers in South 
Carolina and the Nottoway River in southeastern Virginia, 
which Marple and Talwani (2000) postulated were 
produced by a gentle, down-to-the-NNE tilt along nearby 
segments of the buried ECFS. Bartholomew and Rich 
(2012), in contrast, argued against the existence of the ECFS. 
Instead of a tectonic origin, they postulated that the river 
curves in South Carolina were produced by an early to 
middle Pleistocene northeastward migration of these rivers 
because of down-to-the-SW displacements along a NW-SE-
oriented Cape Fear fault near the South Carolina/North 
Carolina border. Marple and Hurd (2021, pp. 317), 
however, argued against Bartholomew and Rich’s (2012) 
down-to-the-NE tilt in northeastern South Carolina and the 
existence of the Cape Fear fault. Thus, down-to-the-NNE 
tilting along nearby segments of the buried ECFS remains 
our preferred explanation for the origin of the river curves.

Pratt et al. (in press) also argued against the existence 
of the ECFS due to the lack of conspicuous uplift along 
the proposed fault system. However, some seismic-
reflection profiles that cross the ECFS show uplifted 
Cenozoic strata within a 3- to 5-km-wide zone associated 
with buried, up-to-the-west fault displacements (e.g., 
Figs. 5 and 6), although some profiles, like USC4 and 
USC5 (Marple and Miller 2006, figs. 12 and 13), do not 
show any significant vertical displacement along the trend 
of the ECFS. However, in these areas the predominant fault 
motion could be dextral strike-slip and, therefore, may 
not produce significant vertical offsets of the overlying 
strata. Moreover, the coincidence of the Edisto dome 
and the pre-Pliocene uplift near Summerville (Figs. 1 
and 2) with the proposed ECFS shows that Oligocene 
strata has been gently uplifted along parts of the ECFS 
in the Charleston region. Pratt et al. (in press) also 
argued that the Summerville scarp (Figs. 1 and 2) 
should be located above the buried ECFS. This scarp, 
however, is a paleoshoreline scarp (e.g., Doar 2014), not a 
tectonic scarp. Furthermore, uplift above a steep, 
buried transpressional strike-slip fault like the 
proposed ECFS would likely produce gentle uplift of 
the overlying strata east and west of the fault, not just 
above the fault itself (e.g., Figs. 5 and 6). Lastly, several 
other lines of evidence support the existence of the ECFS 
and uplift along it, including the exposures of pre-
Pleistocene strata in the northwest part of the 
Charleston region (Figs. 16 and 17), the uplift along 
releveling profile 9 (Fig. 1), the aeromagnetic lineaments 
presented herein (Figs. 3, 13, and 14), the dextrally offset 
beach ridge deposit (Fig. 8), and the local incision of the 
Ashley River (Figs. 1, 2, and 9).

Lack of seismicity along the ECFS

Although the orientation of the ECFS relative to the 
direction of SHmax favors its reactivation, recent 
seismicity along most of the ECFS has been low level. This 
observation is likely the result of the low strain rate along 
the Atlantic margin (10-9 to 10-10 yr-1, Johnston 1989), 
which could cause recurrence intervals between large 
earthquakes along the ECFS to range from hundreds to 
tens of thousands of years. Numerous studies elsewhere in 
intraplate settings have documented evidence for 
Pleistocene to Holocene earthquakes along faults that 
currently exhibit little or no seismicity, including the 
Bootheel fault in southeastern Missouri (Marple and 
Schweig 1992; Guccione et al. 2005), the Saline River 
fault zone in southeastern Arkansas (Cox et al. 2012), 
the Newburyport fault in northeastern Massachusetts 
(Marple et al. 2018), the Faison and Neuse faults that 
cross the Cape Fear arch in North Carolina (Marple and 
Hurd 2021), the Tennant Creek earthquakes of Australia 
(Crone et al. 1997), and the proposed southwest 
continuation of the Norumbega fault system in 
southern New England where several Pleistocene 
drumlins are vertically offset (Marple and Hurd 2019, figs. 
9 and 25).

CONCLUSIONS

   In conclusion, we postulate that the NNE-SSW-oriented 
linear magnetic anomalies in the southern meizoseismal area 
of the 1886 Charleston, South Carolina, earthquake are as-
sociated with low-displacement brittle faults in the pre-Cre-
taceous crystalline basement and that magnetic lineaments 
ML4 and ML5 represent the principal displacement zone 
along the southern end of the ECFS. The N50-60°E orienta-
tion of SHmax relative to the ECFS in South Carolina favors its 
right-lateral reactivation. Evidence for Cenozoic uplift 
along the ECFS includes the Summerville and Clubhouse 
Crossroads uplifts, the zone of incision along the Ashley 
River, the Edisto dome near the coast, uplift along releveling 
profile 9, and locally upwarped longitudinal profiles along 
the Caw Caw and Horse Savanna swamps and along the 
Ashley River valley. This uplift is more pronounced north of 
the Ashley River.
    The 12° change in trend between ML4 and ML5 supports 
the existence of the Summerville restraining bend along the 
ECFS south of the Ashley River. We postulate that the 
interpreted faults east of this restraining bend formed to 
compensate for the increased compression produced by 
dextral motion along the bend. We also postulate that 
sinistral strike-slip displacement on one of these faults as-
sociated with the ~40-km-long, east-west-oriented Deer 
Park lineament may have produced the main shock of the 
1886 Charleston, South Carolina, earthquake. Sinistral dis-
placement on this interpreted fault may have decreased the 
normal stress along the ECFS to the south, thereby causing
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dextral displacement along the southern end of the ECFS 
and the second earthquake west of Rantowles 8–10 minutes 
after the main shock. Extension is generally favored west 
of the bend and appears to be accommodated by down-
to-the-south displacements on the interpreted east-west- 
oriented McChune fault beneath the Bethera-McChune 
scarp (BMS). However, displacements along individual seg-
ments of the ECFS could have also produced local 
extension east of the Summerville restraining bend and 
compression to the west. The south-dipping Cenozoic 
graben east of the Summerville bend on COCORP 
seismic-reflection profile C3 suggests that this part of the 
McChune fault has undergone extension during the 
Cenozoic. Displacements along some of the proposed 
faults near the Summerville restraining bend coincide 
with the MPSSZ. Thus, displacements along these faults 
may be responsible for much of the modern seismicity 
between Summerville and Middleton Place. Further 
studies of the Summerville bend are needed, therefore, to 
better understand the deformation associated with this 
fault bend.

Exposures of the late Eocene Parkers Ferry, early Oligo-
cene Ashley, late Oligocene Chandler Bridge, and late Plio-
cene Raysor formations in the stream valleys north of the 
proposed McChune fault and between Four Hole Swamp to 
the west and the Canterhill lineament (surface expression 
of the Charleston fault) to the east suggest that this area has 
been uplifted during the Quaternary with the greatest up-
lift between the Ashley River and Lake Moultrie. The 
source of this uplift is likely the result of compressional 
deformation along the ECFS and up-to-the-north (or 
down-to-the-south) displacements along the McChune fault 
to the south.

Several, mostly NW-SE-oriented LiDAR lineaments along 
the Ashley River valley south of the BMS, including the 
Ashley River, Dawkins, Lambs, and Magnolia Gardens 
lineaments, suggest that they are part of a segmented, NW-
SE-oriented Ashley River fault zone. We propose that 
Quaternary uplift along these interpreted faults has exposed 
the early Oligocene Ashley Formation along various seg-
ments of the Ashley River valley and produced the Fort Bull 
dome and Pleistocene terraces along the lower Ashley River 
valley.

Further studies of the various faults interpreted herein are 
needed because studies of liquefaction features within the 
Coastal Plain of South Carolina and southeastern North 
Carolina have revealed several Holocene earthquakes north 
and south of the Charleston region (e.g., Talwani and Schaef-
fer 2001) where little seismicity has been recorded. These 
earthquakes may have occurred along the ECFS and other 
faults in the Coastal Plain of South Carolina and southeast-
ern North Carolina, including the Charleston and Middle-
ton Place faults, and the proposed McChune and Deer Park 
faults in the South Carolina Coastal Plain and the interpret-
ed Neuse, Faison, and Livingston Creek faults in southeast-
ern North Carolina (Marple andHurd 2021). Because of the 
rapid urbanization between Summerville and Charleston, a

large earthquake today in the Charleston region would 
cause tremendous damage and loss of life. Therefore, 
further investigation of these and other potentially 
active faults in the Charleston region is essential to 
assessing seismic hazards in the southeastern United 
States and to better understand the evolution of Atlantic 
type continental margins.
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