THE EARTHQUAKE AT CHARLESTON IN 1886

G. A. BOLLINGER

At about 9:50 p.m. on August 31, 1886, a large earthquake occurred In
Charleston, South Carolina. Its magnitude (Mg) has been estimated at
7.5, its modified Mercalli intensity (MMI) was X, and it was sensibly
felt by pecple over an area of some 2 million square miles. There was
extensive damage to the city of Charleston ($5 million in 1886 dollars)
and death estimates ranged between 60 and 100 (1886 population density).
In Milwaukee, Wisconsin, large buildings were shaken viclently, windows
were broken, and peopie fled into the streets. At Brooklyn, New York,
buildings were also shaken to the extent that pecple were frightened:;
chandeliers rattled. On the sixth fiocor of a Chicago hotel, plastering
was thrown from ceflings and guests were nauseated and fled the hote!
in terror. The shock was felt as far away as Boston, Massachusetts;
Bermuda; and Cuba.

L)

The 1886 earthquake was certainly the largest known for the southeastarn
United States and one of the largest historic earthquakes in all of
eastern North America. The following will first discuss three important
factors that can be derived from consideration of the 1886 shock in the
context of the historical seismicity of the region. Each of those fac-
tors then will be seen to have one or more important, associated ques-
tions. Finally, the physical effects from this large earthquake will
be presented in some detail.

IMPORTANT FACTORS AND ASSOCIATED QUESTIONS
The important factors are:

{. The fact that a magnitude 7.5 earthquake occurred in Charleston,
South Carclina, demonstrates the presence in the area of a
seismogenic structure capable of generating such a shock. In
principle, such a structure could occur elsewhere, but at the
present time Charleston is the only locale in the Southeast
that has its presence confirmed.

2. The earthquake activity in the eastern United States was at a
much higher level prior to the turn of the century than it has
been subsequently. [n addition to the 1886 shock, there was a
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magnitude 5.7 (Mg} earthquake located in western Virginia in
1897 and a8 series of magnitude B-8+ earthquakes in southern
Missouri during 1811-1812. None of those three states, South
Carolina, Virginia or Missouri, or their neighboring states
has experienced such large shocks during the twentieth century.
Thus, we have documentation that the level of earthquake energy
release in the region can change with time.

3. The decrease of earthquake vibrations with increasing distance
from an earthquake epicenter in the eastern United States has
been shown by numerous studies during the past decade to be
very slow, especially with respect to the western part of the
country. What this means is that larger areas of structural
damage and other earthquake effects can be expected in the
East than in the West. The 1886 Charleston earthquake is a
good example of those larger than average affected areas.

Some direct questions that foliow from the above factors are:

1. Is the Charieston area the only area in the regfon capsble of
generating a 7.5 magnitude earthquake? The answer is that it
probably is not since it is geclogically reasonable for other
such seismogenic structures to be present. Also, there are
zones of persistent, low-level earthquake activity in the east-
ern United States. Those Zones are candidates for larger shocks
in the future,

2. Although the seismicity of the region is currently at a low
level, is it going to continue that guiescence or are we in a
tull before another period of increased earthgquake occurrences?

3. Can the 1886 Charleston earthguake be used as a "type example®
of what to expect from a future occurrence of a large earthquake
in the region? Yes, but the soil and bedrock geology are cer-
tainly different in the Appalachian highlands (Valley and Ridge
and Blue Ridge provinces) than in the Atlantic Coastal area
that was host to the 1886 shock. These differences as well as
the difference in construction practices and materials between
1886 and 1985 need to be taken into account. The differences
in type and degree of land utilization also are relevant.

The preceding questions cannot be answered in a deterministic fashion.
We just do not have enough data of all kinds-—geologic, geophysical,
seismological, and engineering——to develop precise answers. What can
be done, however, is to approach the problem from a probabilistic point
of view. The U.5. Geological Survey (USGS) has been very active in
such stuagies for the past decade. (For summary a overview of the USGS
results see the paper by Walter W. Hays.)



DESCRIPTION OF THE EFFECTS FROM THE 1886 EARTHQUAKE
Epfcentral Region

At least B0 kilometers of railroad track was seriousiy damaged and more
than 1,300 km2 of extensive cratering and fissuring occurred as a resuit
of the 1886 earthquake. In Charleston, the railroad-track damage and
cratering were virtually absent, but many buiidings on both good and poor
("made™) ground were destroyed. Specificaliy, Dutton (1889) reports:

There was not a builiding in the city which had whotlly escaped
injury, and very few had escaped serious injury. The extent
of the damage varied greatly, ranging from total demolition
down to the loss of chimney tops and the dislodgement of more
or less plastering. The number of buildings that were com-
pletely demolished and lieveled to the ground was not great.
But there were several hundred which lost a large portion of
their walls. There were very many also which remained stand-
ing, but were so badly shattered that public safety reqguired
that they be pulled down altogether. There were not, so far
as is at present known. a brick or stone building which was
not more or less cracked, and in most of them the cracks were
a permanent disfigurement and a source of danger or inconven-
fence. A-majority of them, however, were susceptible to repair
by means of long bolts and tie-rods.

Also see the reprint of USGS Professional Paper 1028 (1977) that con-
cludes this paper.

At a Distance of 100 Kilometers (60 miles)

Most severely affected at this range from the epicenter of the 1886 shock
were coastal locations such as Port Royal and Beaufort to the southwest
and Georgetown to the northeast. At Port Royal (MMI of IX), the shock
was described by the United Press as "very violent." Houses were moved
on their foundations and people were thrown to the ground. At Beaufort
{Associated Press) and Georgetown (Dr. M. S. Iseman, M.D.), both with
an MMI of VIII, chimneys and chimney tops were thrown down, brick para-
pets were dislodged, ang brick buildings "undulated."” Residents fled
their houses and remained in the streets and fields all night, many
praying. At Beaufort, the Charleston Yearbook described the shock as
"very severe," lasting 30 seconds, cracking some large buildings, and
causing a 2-foot depression over an area some 60 feet in circumference.

Noncoastal location such as Manning to the north and Orangeburg and
Bamberg to the northwest were shaken at a MMl level of VII. All re-
ported damage to brick houses and brick walls and the falling of plaster.
The response of the populace at these northerly sites was also one of
terror and many camped in the open air overnight.



At a Distance of 200 Kilometers (120 miles)

Reports from Augusta. Georgia., 200 kilometers from the epicenter, deal
extensively with the response of the citizenry., The Savannah Morning
News of September 2., 1886, gave a September 1 communication from Augusta
citing: "...two ladies lie at the point of death from fright," "...an
old lady died from fright," and "many ladies fainted and thousands of
men were completely unnerved. The citizens remained in the streets all
night.”

The following paragraphs from Dutton (1889) comment on the pronounced
psychological effects at Augusta as well as the structural damages suf-
fered there:

Thus Augusta, in Georgia, Jjust beyond the l00-mile circle, was
shaken with great violence. Many buildings were seriously damaged.
At the arsenal two heavy walled buildings used as officer’s quarters
were so badly shattered that reconstruction was necessary. Many
cornices were dislodged and it is estimated that more than a thou-
sand chimneys were overthrown. People residing in brick dwellings
refused for several days to enter them and found lodgings in wooden
houses or camped in the streets and gardens. So great was the
alarm felt that business and society were for two days fully para-
lyzed as in Charleston. Everyone was in a state of apprehension
that the worst was yet to come and the only thing to be thought of
was safety. Indeed, among all the large cities of the South, the
general tenor of the reports indicates that Augusta stands next to
Charleston in respect to the degree of violence of the shocks and
the consternation of the people.

Augusta is built in close proximity to the contact'of the new and
older strata, and starting from that city it will be of interest
to follow this line of contact northeastward. in detafl the course
is more or lass sinuous. A few miles to the northeast of Augusta
{s a little railway station named Langley, where a small tributary
of the Savannah River has been dammed to secure water power. The
ground in this neighborhood, which is a loose soil thinly covering
harder rocks below, was in many places fissured by the earthquake
and opened in many cracks, some of which were several inches in
width. A number of Jlarge cracks passed through the dam, opening
passage for the water in the reservoir, which quickly enlarged the
fissures. The county below was guickly afiocod. The railway track
was swept [away], and before warning could be given a passenger
train ran into the flood and upon the broken track, where it was
wrecked, with some loss of life. In this neighborhood the towns
of Bath, Graniteville, and Vaucluse, which stand upon outcrops of
crystalline rocks, report shocks of very great severity. Still
farther to the northeastward, Batesburg, Leesville, and Lexington
give similar reports. Passing beyond Columbia along the same I|ine
of contact, we find reports of very violent shocks at Blythwood,
Camden. Chesterfieid, and Cheeraw.



The Savannah Morning News report also noted that "the most severe damage
was done on the Sand Hills in Georgia and in Aiken County, South Caro-
1{ina." Specific localities mentioned were Langley and Bath, just across
the Savannah River from Augusta., some 10 kilometers to the east. At
Langley, on the South Carolina Railrocad, 24 kilometers (15 miles) from
Augusta, Georgia. and 200 kiltometers (125 miles) from Charleston, "the
earthquake destroyed the mill dam and the water washed away the roadbed.
A train dashed into the flood, and the engineer and fireman were drown-
ed. The engine is now 40 feet under water."” OQOutton (1889) reported:
"Houses badly shaken and glasses broken; dams broke loose destroying
1,000 feet of railroad; terrible suffering among the inhabitants.” An
MMl of X is assigned to the Langley, South Carolina, locale (Boltlinger
and Stover, 1975},

At a Distance of 400 Kilometers (240 miles)

At an epicentral distance of 400 kilometers, the level of ground-shaking
continued to cause panic among the people: "a state of terror and ex-
citement; people left their houses and many stayed in the streets all
night (Beaufort, North Carolina); "streets rapidly filled with people,
screams of frightened persons could be heard™ (Raleigh, North Carolina);
"rushed frightened from their houses into the streets: terror-stricken
men, women and children, in night dress, crowded the streets in a moment;
a number of ladies fainted™ (Ashville, North Carcolina); and "people
rushed into the streets in indescribable confusion, each looking for an
explanation from the others; the streets at 10 o’clock are full of peo—-
ple, who fear to return to their houses" {(Atlanta, Georgia).

Buildings and household items (mirrors, pictures, lamps, dishes, window
glass, etc.) were shaken at a MM] level of VIII or less, Atianta, in
northern Gecrgia, reported one house (Marrietta Street) "shaken to pie-
ces,” all the chimneys fell from the six~story Construction building in
the city, window glass was broken, chimneys were knocked down, and dishes
and glasses were smashed to pfeces. However, Valdosta, to the south-
southeast and near the Georgia-Florida border, reported only falling of
plaster (MMI VI).

Across the entire state of North Carolina, MM]{ effects ranged from V to
VIiI. Examplies of the highest levels were seen at Beaufort on the coast,
Raieigh in central North Carolina and Waynesville in the extreme south-
western part of the state. The seismic waves at those locations caused
chimneys to be overthrown or have their tops shaken off, some waills to
crack, plastering to be thrown down, buildings to rock. and some floors
to break "loose from their supports." Additionaily, church bellis were
rung, clocks stopped, mirrors and pictures were thrown from walis, and
lamps were overturned. At Asheville, North Carolina, houses were vio-—
tently shaken, but no buildings were "shaken down" (MMI of VI). In
Black Mountain (20 kilometers to the east of Asheville), the vibrations
were accompanied by loud explosive sounds and heavy rumblings, and large
masses of rock were dislodged from several steep slopes and rolled into
the vallieys below.
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THROUGHQUT THE COUNTRY

The following pages are a reprint of a study of the effects of the 1886
earthauake throughout the United States that was published in 1977 as
part of Studies Related to the Charleston, South Carolina, Earthgquake
of 1886--A Preliminary Report, USGS Professionai Paper 1028, edited by
Douglas W. Rankin (Washington, D.C.: U.S. Government Printing Office).
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STUDIES RELATED TO THE CHARLESTON. SOUTH CAROLINA, EARTHQUAKE OF 1886~
A PRELIMINARY REPORT

REINTERPRETATION OF THE INTENSITY DATA FOR THE
1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE

By G. A. BoLLINGER !

ABSTRACT

In 1889, C. E. Dutton published all his basic intensity
data for the 1888 Charleston, S.C., shock but did not list
what intensity values he assigned to each report, nor did
he show the distribution of the locations of these data re-
ports on his isoseismal map. The writer and two other seis-
mologists have each independently evaluated Dutton’s 1,300
intensity reports (at least two of the three interpreters
agreed on intensity values for 90 percent of the reports),
and the consensus values were plotted and contoured. One
map was prepared on which contdurs emphasized the broad
regional pattern of effects (with results similsr to Dutton's};
another map was contoured to depict the more localized
variations of intensity. As expected, the latter map shows
considerable detail in the epicentral region as well as in the
far-field. In particular, intensity VI (Modified Mercalli
{MM)) effects are noted as far away as central Alabama
and the Illinois-Kentucky-Tennessee border area. Dutton’s
“low intensity zone” in West Virginia appears on both
isoneismal maps.

A maximum MM intensity of X for the epicentral region
and IX for Charleston appears to be appropriate. Epicentral
effects ineluded at least 80 km of railroad track seriously
damaged and more than 1,300 km ? of extensive cratering and
fissuring. In Charleston, the railroad-track damage sand
cratering were virtuslly absent, whereas many, but not
most. buildings on both good and poor ground were de-
stroyed.

The epicentral distances to some 800 intensity-observa-
tion localities were measured, and the resulting data set was
analyzed by least-square regression procedures, The attenua-
tion equation derived is similar to others published for dif-
ferent parts of the eastern half of the United States. The
technique of using intensity-distance pairs rather than
1soseismal maps has the advantages, however, of com-
pletely bypassing the subjective contouring step in the data
handling and of being able to specify the particular fractile
of the intensity data to be considered.

When one uses intensities in the VI to X range, and their
associated epicentral distances for this earthquake. bedy-
wave magnitude estimates of 8.8 (Central United States in-
tensity.velocity data pubiished by Nuttli in 1976) and 7.1

! Virginia Polytechnie Institute and State University Blackaburg, Va.

(Western United States intensity.velocity data published
by Trifunac and Brady 1n 1975) are obtained.

INTRODUCTION

The problems associated with the description of
seismic ground motion in a minor seismicity area
such as the Southeastern United States are well
known. In that region, the largest events tock place
before instruments were available to record them, so
that only qualitative descriptions of their effects
exist. During the past few decades, when instru-
ments began to be used, no event having m,>5 has
taken place. Thus we have quantitative data only for
small events. and we need to analyze the qualitative
data, which are all that is available for larger events.

The purpose of this study is to review thoroughly
the data that do exist and to derive as much infor-
mation as possible concerning regional seismic
ground motions. Fortunately, the largest earthquake
known to have occurred in the region, the 1886
Charleston, S.C., earthquake, was well studied by
Dutton (1889) and his coworkers. An excellent suite
of intensity information is thus available for that im-
portant earthquake. Secondly, the Worldwide Stand-
ard Seismograph Network (WWSSN) stations in
the Eastern United States provide data on the radia-
tion from the regional earthquakes that have oc-
curred since installation of the stations. Finally,
intensity-particle-velocity relationships as well as
attenuation values for various seismic phases have
been proposed that can be utilized in an attempt to
synthesize the above data types.

The initial part of this paper is concerned with a
reevaluation of the intensity data for the 1886
Charleston earthquake, and the second part, with a
consideration of the attenuation of intensity as dis-
tance from the epicenter increases. (The distance
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from the epicenter s hereafter called epicentral dis-
tance.) The concluding section presenrs a magnitude
estimate for the 1886 shock.

This research was canducted while the author was
on study-research leave with the U.S, Geological Sur-
vey (U.5.G.S.) in Golden, Colo. Thanks are extended
to the members of the Survey, particuiarly Robin
McGuire and David Perkins, for their many helpful
discussions. Robin McGuire did the regression analy-
sis presented in this paper, and Carl Stover pro-
vided a plot program for the intensity data. Thanks
are also due to Rutlage Brazee (National Cceano-
graphic and Atmospheric Administration, N.O.A.A.)
and Ruth Simon (U.8.G.S.) for interpreting the
sizable amount of intensity data invoived in this
study.

This research was sponsored in part by the Na-
tional Science Foundation under grant No. DES 75~
14691.

INTENSITY EFFECTS IN THE EPICENTRAL
REGION

Dutton assigned an intensity X as the maximum
epicentral intensity for the 1886 shock. He used the
Rossi-Forel scale; conversion to the Modified Mer-
calli (MM) scale results in a X-XII value. However,

the revised edition (through 1970) of the “Earth--

quake History of the United States” (U.S. Environ-
mental Data Service, 1973) downgraded Dutton's
value to a IX-X (MM). Because of this revision, it
is appropriate to compare the scale differencas be-
tweent these two intensity levels (IX and X) with the
meizoseismal effects as presented by Dutton.

Ground effects, such as cracks and fissures, and
damage to structures increase from the intensity IX
to the intensity X level, whereas damage to rails is
first listed in the MM scale at the X level. Taken
literally, rail damage is indicative of at least inten-
sity-X-level shaking. Richter (1958, p. 138) also
listed *“Rails bent alightly” for the first time at in-
tensity X. However, he instructed (p. 136) that,
“Each effect is named at that level of intensity at
which it first appears frequently and characteris-
tically. Each effect may be found less strongly, or in
fawer instances, at the next Jower grade of intensity;
more strongly or more often at the next higher
grade.” Thus, widespread damage to rails is a firm
indicator of intensity-X shaking.

In discussing building damage, it i3 convenient to
use Richter’s (1958, p. 136-137) masonry A. B, C, D
classification:

Masonry A. Good workmanship, mortar. anc design: re-
inforced, especiaily lateraily, and bound togetner by us.ng
steel. concrete, eic.; desigmed o resist latera: forces.

Masonry B. Good worxmansnip anc mortar, re:nforcea.
but not demigned 1n cdetall to resist lateral forces.

Masonry C. Ordinary workmansmp and mortar: no ex-
treme weaknesses i1ks falling to tie in at corners, but nertner
reinforced nor designed against horizontal forces.

Masonry D. Weak materials, such as adobe: poor morzar:
low standards of workmaaship; weak horzontally.

At the IX level, masonry D structures are destroyed.
masonry C structures are heavily damaged, some-
times completely collapsed, and masonry B struc-
tures are seriously damaged. Frame structures, if
not bolted, are shifted off their foundations and have
their frames racked at IX-level shaking, whereas at
intensity X most such structures are destroyed.
Nearly complete destruction of buildings up to and
including those in the masonry B class is a charac-
teristic of the intensity-X level.

Only in Charleston do we have a valid sample of
the range of structural damage caused by the 1886
earthquake. It was the only nearby large city, and
it contained structural classes up to the range be-
tween masonry C and masonry B. Many of the im-
portant public buildings, as well as mansions and
churches, had thick walls of rough handmade bricks
joined with an especially strong oyster-shell-lime
mortar. The workmanship was deacribed as excel-
lent, but nowhere in Dutton’s (1889) account is
reference made to special reinforcement or design
to resist lateral forces. Structures outside the
Charleston area (as in Summerville, see p. 21) were
built on piers, some 1-2 m (3—6 ft) high, thereby
making the structures inverted pendulums. Dutton's
report for Charleston indicates that although the
damage was indeed extensive (see below), most
masonry buildings and frame structures were not
destroyed. This fact plus Dutton’s report on the
absence of ra:l damage and extensive ground effects
in the Charleston area indicates an intensity level
of IX.

The following quotations from Dutton's report
(1889, p. 248-249, 253) contain detailed descriptions
of the structural damage in Charleston caused by the
earthquake of 1886:

There was not a building in the city which had wnolly
escaped injury, and very few had escaped serious imjury.
The extent of the damage varied grestly, ranging from
total demolition down to the loss of chimney tops and :ne
disiodgment of more aor less plastering. The number of
buildings which @were compietely demoiisned and leveiea o
the ground was not great. But there were several -unarez
which lost a large porttog of therr walls. There were .er-
many also which remained standing, but so baaly snatterez
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that public safety required that they should be pulled down
altogether. There was not, so far as at present Known, a
brick or stone building which was not more or less cracked,
and in most of them the cracks were a permanent disfigure-
ment and a scurce of danger or lnconvenlence. A majority
of them however were susceptibie of repair by means of
long bolts and tie-rods. But though the buildings might be
made habitable and safe against any stresses that houses
are liable to except fire and earthquake, the cracked walls,
warped floors, distorted foundations, and patched plaster
and stucco must remain as long as the buidings stand per-
manent eye-sores and sources of inconvenlences. As scon as
measures were taken to repair damages the amount of in-
jury disclosed was greater than had at first appeared. In-
numerable cracks which had before been unnoticed made
their appearance. The bricks had “worked” in the embedding
mortar and the mortar was disintegrated. The foundations
were found to be badly shaken and their solidity was great-
ly impaired. Many buildings had suffered horizontal dis-
placement; vertical supports were out of plumb; floors out
of level; joints parted in the wood work: beams and joists
badly wrenched and in some cases dislodged from their
sockets. The wooden buildings in the northern part of the
city usually exhibited externally few signs of the shaking
they received except the loss of chimney tops. Some of them
had been horizontally moved upon their brick foundations.
but none were overthrown. Within these houses the injuries
were of the same general nature as within those of brick,
though upon the whole not quite so severe.

The amount of injury varied much in different sections of
the city from causes which seem to be attributable to the
varying nature of the ground. The peninsula included be-
tween the Cooper and Ashley Rivers, upon which Charleston
is built, was originally an irregular tract of comparatively
high and dry land. invaded at many points of its boundary
by inlets of low swampy ground or salt marsh. These in-
lets, as the city grew, were gradually filled up so as to be
on about the same level as the higher ground. * * * As a
general rule, though not without a considerable number of
exceptions, the destruetion was greater upon made ground
than upon the original higher land. [p. 248-249] = * *

In truth, there was no street in Charleston which did not
receive injuries more or less similar to those just described.
To mention them in detail would be wearisome and to no
purpose. The general nature of the destruction may be
summed up 1n comparatively few words. The destruction was
not of that sweeping and unmitigated order which has be-
fallen other cities, and in which every structure built of ma.
terial other than wood has been either leveled compietely
to the earth in a chaos of broken rubble. beams. tiles. and
planking, or left 1n a condition practically no better. On the
contrary, a great majority of houses were left 1n a condi-
tion shattered indeed. but still susceptible of being repaired.
Undoubtedly there were very many which. if they alone had
suffered. would never have been repaired at all. but would
have been torn down and new structures built in their places:
for no man lLikes to occupy a place of business which suf-
fers by contrast with those of his equals. But when a com-
mon calamity falls upon all. and by its very magnrtude and
untversality renders 1t difficult to procure the means of re-
construction. and where thousands suffer much alike, his
'actlon will be different. Thus a very large number of build-
ings were repaired which, if the injuries to them had been

exceptional misfortunes instead of part of a common dis-
aster, would have been replaced by new structures. Instances
of total demolition were not common.

This 18 probably due, in some measure. to the stronger
and more enduring character of the buildings \n comparison
with the rubbie and adobe work of those cities and villages
which are famous chiefly for the calamities which have be-
failen them. Still the fact remains that the violence of the
quaking at Charleston, as indicated by the havoc wrought,
was decidely less than that which has brought ruin to other
localities. The number of houses which escaped very serious
injuries to their wails was rather large: but few are known
to have escaped minor damages, such as small cracks, the
loas of plastering, and broken chimmney tops. {p. 253}

Damage to the three railroad tracks that extend
north, northwest, and southwest from Charleston be-
gan about 6 km (3.7 mi) northwest of the city and
was extensive (fiz. 14). More than 80 km (62 mi)
of these tracks was affected. The effects listed were:
lateral and vertical displacement, formation of S-
shaped curves, and the longitudinal movement of
hundreds of meters of track. A detailed listing of
the effects along the South Carolina Railroad tracks,
which run northwest from Charleston directly
through the epicentral region, is given in table 1.

Ground cracks from which mud or sand are
ejected and in which earthquake fountains or sand
craters are formed begin on a small scale at intensity
VIII, become notable at IX, and are large and spec-
tacular phenomena at X {Richter, 1958, p. 139). The
formation of sand craterlets and the ejection of sand
were certainly widespread in the epicentral area of
the 1888 earthquake. Many acres of ground were
overflowed with sand, and crateriets as much as 6.4
m (21 ft) across were formed. Dutton (1889, p. 281)
wrote: “‘Indeed, the fissuring of the ground within
certain limits may be stated to have been universal,
while the extravasation of water was confined to cer-
tain belts. The area within which these fissures may
be said to have been a conspicuous and almost uni-
versal phenomencn may be roughly estimated at
nearly 600 square miles [1,550 sq. km}].” By com-
parison, the elliptical intensity-X contour suggested
by the present study encloses an area of approxi-
mately 1,300 km?.

The distribution of craterlets taken from Dutton
(1889, pl. 28) is also shown in figure 14. In a few
localities, the water from the craters probably
spouted to heights of 4.5-6 m (15-20 ft), as indi-
cated by sand and mud on the limbs and foliage of
trees overhanging the craters.

Other ground effects indicating the intensity-X
level are fissures as much as a meter wide running
parallel to canal and streambanks, and changes of
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FiGURE 1.—Epicentral area maps for the 1886 Charleston, S.C., earthquake. A4, This study. Dashed contour encloses
intensity-X effects. B, Dutton’s map and C, Sloan’s map (modified from Dutton, 1889, pls. 26 and 27, respectively)
show contours enclosing the highest intensity zome, although neither Dutton nor Sloan labeled his contours. Base
map modified from Dutton (188%). Rivers flowing pasat the Charleston peninsula are the Ashley River flowing from
the northwest and the Cooper River fiowing from the north,

the water level in wells (Wood and Neuman, 1931).
Dutton (1889, p. 298) reported that a series of wide
cracks opened parallel to the Ashley River (see cap-
tion, fig. 1) and that the sliding of the bank river-
ward uprooted several large trees, which fell over
into the water. His plate 23 shows a crack along the

bank of the Ashley River about a meter wide and
some tens of meters long across the flield of view of
the photograph.

In a belt of craterlets (trend N. 80° E., length
~3 km) about 10 km (6.2 m1) southeast of Summer-
ville, Sloan reported (Dutton, 1889, p. 297) that



