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FOREWORD

At 9:50 p.m. on August 31, 1886, the accu-
mulated strain in the Earth's crust in the
Charleston, South Carolina, area reached the
point where a fault ruptured, causing a major
earthquake. In the span of about 60 seconds,
the Charleston earthquake caused 60 deaths,
numerous injuries, economic losses of $23 mil-
lion (1978 dollars) and psychological and social
disruption over an area extending 120 miles
from the epicenter encompassing communities
such as Augusta, Georgia, and Aiken, South
Carolina. Within 6 to 8 minutes, the effects of
the ground shaking were felt as far away as
New York City, New York, Chicago, Illinois,
and St. Louis, Missouri. For the next 30 years,
more than 400 aftershocks occurred in the
Charleston area, adding to the damage and so-
cial disruption.

This U.S. Geological Survey publication com-
memorates the following events: (1) the 100th
anniversary of the 1886 Charleston, South Car-
olina, earthquake and the researchers who
have contributed through the years to improv-
ing our understanding of what happened be-
fore, during, and after the earthquake and why
it happened and (2) the 3rd U.S. Conference on
Earthquake Engineering, convened in Charles-
ton, South Carolina, from August 24 to 27,
1986, to present the results of recent research
in geology, seismology, architecture, soils engi-
neering, structural engineering, and social sci-
ences and to encourage the development and
implementation of improved earthquake pre-
paredness measures throughout the Nation.

We believe that this publication will increase
basic understanding of the 1886 Charleston
earthquake and contribute to short- and long-
term earthquake preparedness activities.

Director
U.S. Geological Survey






PREFACE

Charleston and the Nation in the 1880's

By Nancy Buxton! and G. A. Bollinger?

To set the stage for the discussions of the ef-
fects of the 1886 shock and to place them in
the context of their times, we present the fol-
lowing brief overview of the Union, South Car-
olina, and Charleston at the close of the 19th
century.

In 1880, the United States consisted of 38
States. Colorado was the newest State, having
joined the Union in 1876. Still to be admitted
were Arizona, New Mexico, Oklahoma, the
Dakotas, Washington, Utah, Idaho, Montana,
and Wyoming. The final consolidation of the
continental United States would not be com-
pleted until 1912,

The country's population of 50 million was
mostly on the land—75 percent of the populace
was rural. The decade of the 1880's saw the
dawning of our urban, industrialized society. By
1890, the rural population was down to 63 per-
cent of the total (in 1970, the figure was 26.5
percent). Many of the people arriving in the
burgeoning cities were immigrants who came
in increasing numbers from every part of the
world.

The general mood of the country was shifting
gradually away from the Civil War mentality
and toward a new sense of Union. The writer
Robert Penn Warren claimed that, before the
Civil War, “The Union sometimes seemed to
exist as an idea, and ideal, rather than as fact.”
Americans in the 1880's embraced the fact that
theirs was indeed a united nation.

South Carolina, as well as other Southern
States, was rebounding from the devastation of
the Civil War. Because every sphere of South-

1Department of History, Virginia Polytechnic Institute and
State University.

2Seismological Observatory, Virginia Polytechnic Institute
and State University.

ern life had been affected, recovery encom-
passed a broad spectrum of human activities.
Economically, the citizens struggled to get back
on their feet and to become a productive soci-
ety again.

The northwestern corner of South Carolina is
occupied by the Blue Ridge Mountains. The
land drops in stages to the southeas*, across the
Piedmont Plateau to the Coastal Plain. In the
1880’'s, South Carolinians recognized a north-
easterly trending line that separated the Blue
Ridge from the other two provinces and bi-
sected their State. The two regions formed by
this division commonly were called the “Up
Country” and the “Low Country.”

Because the Up Country and the Low Coun-
try differed in customs, economy, and history, a
strong strain of sectionalism existed (and some
would say still exists) in South Carolina. The
Low Country was dominated by the cultural
and economic influence of Charleston, a city
that had been long established by th= 1880's.
The Up Country had no one dominant center,
and it was decidedly rural, even still partially
unsettled in the 1880’s.

Charleston is the heart of the Carolina Low
Country. In an 1886 editorial exalting the
virtues of Charleston, the local paper, the News
and Courier stated, “Nature has dor< every
thing she possibly could for Charles*on.” In
many respects that was absolutely correct. Situ-
ated on a large bay formed by the confluence
of the Ashley and Cooper Rivers, the natural
setting of Charleston is beautiful and inviting.
It seems the earliest settlers of Char'es Town
(named after Charles II of England) in 1680 re-
sponded to this beauty because Charles Town
developed as a charming city with cistin-
guished buildings, wide boulevards, and grace-



ful gardens. It expanded steadily and became a
busy port and trading center; it was the regular
stopover for ships sailing between the Carib-
bean and Great Britain.

By 1720, Charleston was a thriving city with
a population of many thousands. Along with a
reputation for beauty, Charleston gained a rep-
utation as a free and open society. However, it
is a marvel that the Charlestonian's spirit of op-
timism withstood all the natural and manmade
traumas that were experienced during their
city's long history. In precolonial and colonial
times, the Charleston coast was a prime target
for ruthless pirates, including the blood-thirsty
Blackbeard. During the American Revolution,
Charleston was under a state of siege culminat-
ing in occupation, in 1783, by the British Army.
Subsequently, Charleston and the surrounding
countryside suffered great damage at the hands
of looting British soldiers. After the Revolution,
the city was incorporated (1783) and changed
its name from Charles Town to Charleston,
thereby eliminating any association with Great
Britain.

The damage of the colonial and Revolution-
ary periods was merely a prelude for what be-
fell Charleston during the Civil War and Recon-
struction. Charleston had been a hotbed of
secessionist fervor, and when, on April 12,
1861, the first shots of the Civil War arched
over her harbor at Fort Sumter, a quick victory
for the Confederacy was anticipated. Although
protected by Confederate troops, Charleston
was under constant bombardment by Union
forces from April 1863 to February 1865. On
February 18, 1865, Charleston was occupied by
Union troops following in the wake of retreat-
ing Confederate soldiers. Less than 2 months
later, the Confederacy surrendered.

In September 1865, a northern reporter wrote
that Charleston was “a city of ruins, of desola-
tion, of vacant houses, of widowed women, of
rotting wharves, of deserted warehouses, of
acres of pitiful and voiceless barrenness.” Obvi-
ously, the more true because Charleston was
administered by sometimes ill-advised and self-
serving Reconstruction governments. Recon-
struction mayors and city councilmen invested
in financial schemes, often involving railroads,
that were destined for failure and not useful in
restoring solvency to Charleston. Despite this,
Charleston did make small strides toward re-
covery. South Carolina was readmitted to the
Union on June 25, 1868, and Federal troops
were withdrawn in 1876.

So, in the 1880's, Charleston was a city on
the mend, but a city that still faced great chal-
lenges. Civil War damage remained in evi-
dence; civic leaders had to juggle the tasks of
repairing this damage and the modernizing of
Charleston at the same time. The Reconstruc-
tion governments left Charleston with a debt in
excess of $4.7 million. Fortunately, during most
of the 1880's, Charleston had an able and en-
ergetic businessman for mayor, William A.
Courtenay. Under Courtenay’s admiristration,
the debt was reduced slowly while public im-
provements were undertaken. To accomplish
this, Courtenay had to maintain a fairly high
level of local taxation, a measure ablkorrent to
his conservative nature. Nevertheless, citizens
were pleased with the many improvements.

Charleston's port remained relative'y busy;
the major exports were cotton, phosphate rock,
lumber, rice, naval stores (rosins and turpen-
tine), fruits, and vegetables. Manufacturing of
lumber products and various types of machin-
ery became important local enterprises. Socially
and culturally, Charleston had always been a
city with much to offer. From colonial times on-
ward, it had been a center for the performing
arts, and, during the 1880's, interest in such
performances was running high. A survey of
the 1885-1886 theater season shows that
Charleston audiences were richly and variously
entertained.

Clearly, Charleston in the 1880's was a city
undergoing social and cultural renewal. The
basis of its aesthetic reputation was the archi-
tecture of the city. Residents were justly proud
of their many beautiful and unique buildings.
Thus, Charleston was to become a center for
the conscientious preservation of historical
buildings long before it was a fashiorable idea
in other parts of the United States. Tt = Society
for the Preservation of Old Dwellings was a
very active organization that encouraaed the
city government and private citizens to promote
Charleston's cultural heritage by preserving
and improving old structures.

In 1883, Charleston celebrated the centennial
of its incorporation. In honor of that occasion, a
local writer, Arthur Mazyck, wrote a book
about Charleston in which he included short
descriptive essays about some of the city's
buildings of distinction. He included sketches
of City Hall with its white marble double stair-
cases; the Court House, considered to be one of
the handsomest brick buildings in Charleston;
and the Hibernian Hall, built in the Greek re-



vival style and fronted by massive fluted

columns. Mazyck also described two of the old-

est churches in Charleston, St. Michael's and

St. Philip’s, in detail because they were held in

great admiration by the citizenry.

Summer 1886 was typical; it was sultry, and
many citizens sought relief from the summer
sun in other parts of the State or country. The
Charleston baseball team, although supplied
with many loyal fans, was hovering at the bot-
tom in the league standings. Charlestonians
were enjoying cruises on the bay, eating ice
cream at one of the many local parlours, going
to the beach, or any other quiet activity to keep
as cool as possible. The News and Courier
published a column of local interest called
“Odds and Ends.” For August 31, 1886, the
column recorded the following items:

1. “Yesterday, the Union Cotton Press was
started for the first time this season—a
small lot of raw cotton was compacted and
baled for shipment to New York.”

2. "Many Charlestonians are due back in the
city tonight after completing an extended
mountain excursion.”

3. "At the present rate of improvement, the
new stores on King Street will present a
solid plate-glass front from Market to Cal-
houn Streets by next Christmas.”

4. "The repairs to St. Michael's Church steeple
[damaged by a hurricane in 1£€°5] have
been finished, and the scaffolding has
been taken down. The workmen are now
engaged on the interior of the building.”

Given the gift of prophecy, the columnist might

have added:

5. The rocks of the upper crust in the
Charleston area are strained to their
breaking point. They will rupture this
evening just before 10:00 p.m., and the re-
lease of their pentup energy will cause
death, injury, and terrible dest-uction
throughout the city and State.
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The 1886 Charleston, South Carolina,
Earthquake—A 1986 Perspective

By Otto W. Nuttli!, G. A. Bollinger?, and Robert B. Herrmann!

CHAPTER 1

Introduction

August 31, 1886, began as an ordinary sum-
mer day in Charleston, South Carolina. It was
hot, humid, unusually sultry, and quiet in the
late afternoon from 5 p.m. until sunset. No
trace of the breeze that usually accompanied
the rising tide was felt. Suddenly, at 9:50 p.m.,
the quiet was shattered by a roaring noise, a
thumping and beating of the earth underneath
buildings, a collapsing of buildings, the
screams of anguish and fear of the residents,
and then, suddenly, an abrupt return to quiet,
all within a time span of only about 1 minute.
South Carolina had just experienced the largest
earthquake in historic time in the United States
east of the Appalachian Mountains.

Much has been written of the tragedy that
accompanied this earthquake and its many af-
tershocks. Furthermore, numerous scientific
studies have been carried out to better under-
stand its cause and effects. Some began imme-
diately after the earthquake, but the most ex-
tensive and expensive are taking place right
now. Questions to which answers are being
sought include the following: Why did such a
disastrous earthquake happen near Charleston?
have such earthquakes happened there before,
and will they happen there again? is there
something special about the geology near
Charleston, or can similar earthquakes be ex-
pected to occur in other places? how severe
was the earth motion, and how extensive was

IDepartment of Earth and Atmospheric Sciences, Saint
Louis University.

2U.S. Geological Survey and Department of Geological
Sciences, Virginia Polytechnic Institute and State University.
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the area involved in the fault ruptaire process?
and how can injury, loss of life, and economic
impact be reduced in the event of future
earthquakes?

Although this book cannot hope to answer all
these questions, and others that might be
posed, it can address some of them and provide
a rational explanation of many of the phenom-
ena that were associated with the disastrous
earthquake and its aftershocks. We shall do this
by putting forth a physical picture or model of
what happened throughout the ccuntry at the
time of the earthquake.

Before beginning this rather formidable task,
we might anticipate some questions that the
readers likely have. Could the 1886 earthquake
have been predicted? and what about future
earthquakes? The easiest, and leest satisfying,
answers to these questions are simple “no’s.”
However, our goals, as scientists and engineers,
must include prediction or, at least, the identifi-
cation of areas of greatest hazard. Along with
this, the public and the officials concerned with
public safety and welfare expect and require
some estimation of the amount ard degree of
damage that would result. Additionally, they
need to know the probability or likelihood of a
severe earthquake occurring in their area in a
certain time interval.

No one can claim that the Augnst 31, 1886,
earthquake was predicted. However, from
hindsight, we can ask if some clues or hints
that such a disaster was impending were no-
ticeable. The first thing that comes to mind is
the occurrence of foreshocks, which are small
earthquakes that precede by hours, days,



months, and, perhaps, even a few years the
main shock or large disastrous earthquake.

In his accounts of the earthquake at
Charleston, Dr. G. E. Manigault, a physician,
mentioned that the area was subjected to sev-
eral little tremors in June and even earlier
(Dutton, 1889). After giving two specific exam-
ples, he noted:

“There were several other slight disturbances no-

ticed by different people, which have become in-

teresting since, in consequence of what occurred

afterwards. They are all well authenticated, and

show that the more serious shocks were preceded

for several weeks by smaller preliminary ones,

which were not distinctly identified at the time.”
Some of these tremors may not have been fore-
shocks but could have been due to acoustic ef-
fects caused by gunfire from naval vessels.
However, Manigault noted that the tremors
were more distinct at the village of Sum-
merville, about 20 miles away, than at
Charleston, and even more distinct at “Ten-
Mile Hill.” Both points were closer to the epi-
center of the main shock and were farther
away from the ocean. Manigault continued
(Dutton, 1889, p. 231):

“The first decided shock was felt at Summerville

on the morning of August 27, but it was not no-

ticed at Charleston. The next day, the 28th, an-

other shock was felt at Summerville at 4:45 a.m.,

and it was distinctly felt at Charleston at the same

hour, and during the day there were several other
shocks at Summerville. The movement at

Charleston consisted of a slight rocking of houses

and rattling of windows.”

In retrospect, it appears reasonable to con-
clude that the August 31, 1886, main shock was
indeed preceded by a number of foreshocks.
Even though felt earthquakes occurred in the
Charleston area in the 100 years preceding
1886 and in the 100 years following it, nowhere
in that 200 years do we have a comparable
number felt at Summerville (or any other
neighboring town) in such a short interval of
time, except, of course, in the first few years
following the main shock. It would be most in-
teresting and useful to have an accurate count
of the microearthquakes (those too small to be
noticed by people and only capable of being
detected by sensitive nearby seismographs)
that preceded the main shock to see exactly
how the microearthquake activity correlated
with the felt effects in the months of June
through August 1886.

Even at our present state of knowledge,
merely on the basis of an increase in the level

of microearthquake activity and on the more
frequent occurrence of small, percept’hle
tremors, we would not be justified in predicting
that a large earthquake would follow. Numer-
ous examples of swarms of small- anc
moderate-sized earthquakes that continue for
days to a few years that are not followed by a
big earthquake are found in other parts of the
world, including the United States. Tt erefore,
we can conclude that the occurrence of the
foreshocks in 1886 near Charleston was, by it-
self, insufficient reason for a prediction that
such a large earthquake would follow. Further-
more, the foreshocks gave no indication as to
the date, the size, or the exact location of the
large earthquake to follow.

When a major earthquake occurs, immediate
attention is given to the people affected—the
injured, the dead, the homeless, and the fright-
ened and, unfortunately, also to those, such as
looters, who seek to gain advantage from the
misfortune of others. Therefore, the first con-
cern is always to bring life back quickly to as
normal a state as possible. Depending upon the
severity of the aftershocks, prompt resumptiom
of usual activities often can range fror~ difficult
to near impossible. It is made easier when con-
tingency plans for such emergencies ere avail-
able and when governmental and private disas-
ter relief agencies are prepared to respond
quickly. Naturally, no such plans existed for the
Charleston area in 1886, but it is instructive to
see how effectively the citizens resporded to
this completely unexpected disaster, a< de-
scribed by Carl McKinley, a reporter for the
Charleston News and Courier (Dutton. 1889,

p. 212—-225). The immediate reaction by the
Charleston populace was one of terror and
panic. People rushed out of buildings to open
spaces and away from the falling debris.
McKinley described how a crowd rushed by a
woman lying prone on the pavement, not paus-
ing to see if she were dead or alive. Fires,
which were blazing all around, were ignored
by the people as they gathered in crovrds. Al-
though they fled their homes with no regard to
precious items contained in them, they did give
thought to invalids, who were placed on mat-
tresses in the roadways. The dead and
wounded were moved to parks and public
places where the wounded were attended to by
physicians and nurses.

Almost everyone camped out the nicht of
August 31, during which aftershocks added to
their terror in the darkness and of the un-



known. By morning, they began the work of
clearing the rubble, of which 10,000 cartloads
were said to have been removed in 1 week. In
spite of continuing aftershocks, people sorted
out bricks from the debris and began the job of
rebuilding within 2 days. By that time, the
stores and shops that had not been destroyed
were reopened for business. The merchants
carried out relief work, as did committees set
up by the churches. Sailors from ships at an-
chor joined with private citizens to clear debris
and to provide food, shelter, and emotional
support to the needy.

Today, a large earthquake always attracts the
attention of the news media. Even a minor
earthquake that does no harm but awakens the
sensibilities of the people can be the cause of
thousands of telephone calls to the police,
newspapers, radio, and television stations and
to universities and governmental institutions
that operate seismograph stations. The seismol-
ogists and other earth scientists then are faced
with a number of competing tasks. They must
locate the earthquake or earthquakes; deter-
mine their magnitudes; provide an explanation
of what has occurred and what might be ex-
pected; provide general advice on proper be-
havior during earthquakes; install portable in-
struments to locate and measure the strong
ground motion of the aftershocks; and observe,
assess, and document the damage to structures
before it is modified by clearing of rubble and
restoration. Obviously, no one person is capa-
ble of performing all these tasks. Fortunately,
some of the important information about the
physics of the earth rupture process can be de-
duced from seismograph records, called seis-
mograms, made at distant points, at places
where no sense of urgency is present. How-
ever, other critical measurements and observa-
tions must be made in the affected area, and
the sooner the better.

In the case of the Charleston earthquake,
communication with the outside world was cut
off because the telegraph lines were downed
and the railroads were out of operation due to
damaged track. Rumors and exaggerated
claims of destruction were prevalent, adding to
the anxiety of those who were separated from
their family members. Thousands fled the area
in the days following the earthquake. Never-
theless, as noted by McKinley (Dutton, 1889,
p. 220):

“It must not be supposed, however, that all the cit-

izens were so demoralized. The authorities and

subordinates in every department of the local gov-

ernment remained at their posts and disclharged

their difficult and added duties with a ze¢l and
ability befitting the occasion, and that took no note
of personal risk or private interest. Aid and relief
were promptly extended to all who were in need.

The public offices and institutions were kept open

or removed to convenient places; order was pre-

served; private citizens devoted their time, ener-
gies and money without stint to the service of the
community; and so efficiently was the work of or-
ganized succor performed, both then and later,
that none, however, poor and humble, wl 2 made
his wants known or could be discovered by vigi-
lant inquiry and search, suffered for food or for
such shelter as could be provided.”

Attention to the scientific and engineering
study of the earthquake and its effects was not
only immediate, but also thorough. On Septem-
ber 1, the Director of the U.S. Geological Sur-
vey sent W. J. McGee to Charleston to investi-
gate the field evidence. He was followed 1 day
later by Professor T. C. Mendenhall of the U.S.
Signal Service. Earle Sloan, a native of
Charleston, joined McGee in a detailec exami-
nation of the effects of the earthquake in the
epicentral region and in Charleston. Capt.
Clarence E. Dutton of the U.S. Ordnance Corps
began his studies in October, after traveling
across the country from Oregon. His report
(Dutton, 1889), which incorporated the studies
of McGee, Mendenhall, Sloan, and others, re-
mains the classic document on the earthquake.

The fault movement that was the cause of the
1886 South Carolina earthquake did not rup-
ture the Earth's surface, but rather was con-
fined to its interior. Therefore, an important
piece of direct field evidence, the direction of
the trend (termed by geologists the “strike") of
the fault surface was not provided for this
earthquake nor was the direction of movement
on the fault; that is, vertical, horizontal, or some
combination. However, observed ground effects
included sand craters and landsliding along
river banks, consequences of the shaking of the
ground by the earthquake waves and of the
properties of the soil that were favorak'e for the
occurrence of such phenomena. Also, disturb-
ance of manmade structures, especially railroad
tracks, was notable in the epicentral region.
These and related types of information. are use-
ful in assessing the strength and inferring the
direction of fault movement of the earthquake.
By correlation with similar data from modern
earthquakes for which direct evidence of the
fault movement is available, we can make



some reasonable estimates of the strength of fault rupture area of the 1886 earthquake was
the earthquake, including the area of fault rup- approximately 230 square miles and that the
ture and the average amount of slip movement average slip or movement over the fault plane
on it. Such studies (Nuttli, 1983) imply that the of the area was about 80 inches.



CHAPTER 2

Properties of the Earthquake Source

The first questions that are asked about any
large earthquake are where did it happen? and
how big was it? Although they usually are
asked out of curiosity, they are obviously im-
portant for scientific and engineering reasons.
Scientists wish to know the location so that
they can relate the earthquake to a particular
geologic fault. The size of the earthquake, in
turn, is related to the amount of slip or dis-
placement along the fault and to the area of its
rupture surface. Engineers need to know the
strength of the earthquake to assess the effects
of ground shaking on structures. A knowledge
of the strength and the location is needed to
design and construct new buildings that will
survive future earthquakes.

Seismographs are instruments that provide
the basic information necessary to determine
the location and beginning time of an earth-
quake (called hypocentral parameters) and its
size (called magnitude). Specifically, a seis-
mograph is an instrument attached to the Earth
that gives a permanent recording of the ground
motion as a function of time, more or less like a
continuously running movie. The ground move-
ments from earthquakes are divided into three
components—vertical and two horizontals, usu-
ally north to south and east to west—by using
three separate instruments. Each of the three
will respond only to, and thereby measure, the
ground motion in one of the three directions.

The size range of ground movements to be
measured by seismographs is very large. De-
pending upon the strength of the earthquake
and the distance of the seismograph from the
earthquake, the measurable ground displace-
ment can vary from about 40 billionths of an
inch to about 40 inches. Therefore, different
kinds of seismographs are needed to measure
the weak and the strong motion. The former
kind, which are called observatory seismo-
graphs, may magnify the ground movement a

million or more times. The latter, which are
called strong-motion seismographs, ac*ually
may demagnify the ground motion. Seismo-
graphs can be made to record on varics
media, as simple as an ink pen tracing a line
on a piece of paper or as sophisticated as digi-
tal recording on tapes or discs that serve as di-
rect input to modern computers.

When an earthquake occurs, different vibra-
tional waves spread out from the point at which
the rupture on the fault occurs. This point is
called the hypocenter, or the earthquake focus.
The point directly above the hypocenter on the
Earth's surface is called the epicenter. The
waves travel outward in all directions with
speeds that depend on the physical properties
of the rock. These speeds are known to seis-
mologists from specially designed measure-
ments and studies. Therefore, by measuring the
time at which the first wave from the earth-
quake arrives at three or more seismoaraph
stations and by knowing the wave's speed of
travel, the seismologist can determine by trian-
gulation the location of the hypocenter (its lati-
tude, longitude, and depth) and the earthquake
origin time (the time at which the rupturing
began).

“Magnitude” was the name given kv Profes-
sor C. F. Richter (1935) to the number that ex-
presses the earthquake's strength. He borrowed
the term from astronomy, where the magnitude
scale measures the brightness of stars. A num-
ber of different magnitude scales, such as local
magnitude (M), body-wave magnituce (my),
surface-wave magnitude (Mg), and seismic mo-
ment (M,), are in use by seismologists. The
local and body-wave magnitudes mesgsure the
strength of the short-period (approximately
1-second) waves generated by the earthquake,
the surface-wave magnitude measurer the
strength of the intermediate-period (approxi-
mately 20-second) waves, and the seismic mo-



ment measures the strength of the very long
period (greater than 100-second) waves. For the
same earthquake, the values of the magnitudes
as measured on the different scales generally
will be different. Again using the astronomical
analogy, the infrared radiation of a star is usu-
ally different from the ultraviolet, and the ratio
of the infrared to ultraviolet will be different for
individual stars. Earthquakes also have individ-
ual source characteristics, although they often
are similar for events in the same geographic
region. A more complete discussion of earth-
quake magnitude scales is given in the Ap-
pendix.

The first seismograph in the United States
was installed in 1887 at the Mount Hamilton
Observatory of the University of California at
Berkeley. Although a few seismographs may
have been operating in Europe and Japan on
August 31, 1886, they would have been too in-
sensitive (magnification too low) to have given
useful recordings of the South Carolina earth-
quake. Therefore, we have to rely completely
on the descriptive accounts of the effects of the
earthquake to estimate its hypocentral parame-
ters and size. Obviously, we cannot do nearly
as much or as well as if data from modern seis-
mographs were available.

Intensity scales are used to assess the effects
of an earthquake on buildings, land, and peo-
ple and thus represent another type of measure
of earthquake “size.” The highest value of in-
tensity is observed at or near the epicenter. In
general, intensity decreases as epicentral dis-
tance increases. In 1886, the Rossi-Forel scale,
which was developed in 1883 to measure inten-
sity in Europe, was in general use in the United
States (it was superseded by the Modified Mer-
calli Intensity (MM) Scale in 1933; comparison
of the scales is given in the Appendix). Dutton
(1889) prepared two intensity, or isoseismal,
maps of the 1886 earthquake. (An isoseism is a
line on a map separating regions that experi-
ence different levels of intensity.) His general-
ized map is shown in figure 1, and his map of
the epicentral area is shown in figure 2.

In preparing figure 1, Dutton (1889) relied,
for the most part, on newspaper accounts of the
earthquake, especially at the larger distances.
He used the Rossi-Forel Scale after experiment-
ing with others that were in vogue at the time.
It is well to consider some of his words of cau-
tion with regard to the reported accounts (Dut-
ton, 1889, p. 349):

“...the American newspaper reporters frequently
consider it for the interest of the journal- they
serve to tincture their accounts with twc qualities:
first, the sensational; second, the funny. This habit
may or may not promote the interests of journal-
ism. It does not help the scientific inves*igation of
the earthquake. There are certainly many gratify-
ing exceptions to the general rule. Some of the ac-
counts, especially those given by the press associ-
ations, were written with calmness, sinc=rity, and
dignity, and bear internal evidence of sincere ef-
forts to state whatever facts were noted with exac-
titude and candor. The greatest defect ¢f such re-
ports is a negative one: they seldom state that the
earthquake was not felt where it might have been
expected to be sensible. Confining themnselves to
statements of the most striking results and silent
about everything else, they are apt to leave the
impression that these emphatic manifestations are
typical or representative while in reality they are
exceptional, and unless caution is exercised by the
investigator are also misleading. It is interesting
and quite as important to know what the earth-
quake failed to do as to know what it di.”
Dutton's words of caution are still worth
heeding. Sometimes, however, certain news-
paper editors present a countervailing attitude.
For various reasons, they downplay the severity
of the motion. One reason might be that they
wish to present a strong, calm image, and they
do not want to admit that they or their fellow
citizens were frightened by or even aware of
the ground shaking. Another reason, which is
rather common, is to ignore earthquakes be-
cause mention of them might make their
community appear to be a less desirable place
in which to live or to locate new indus‘rial
developments.

A remarkable feature of Dutton's iso~eismal
map (fig. 1) is the large area over which the
earthquake was perceptible to people—almost
all the United States east of the Mississippi
River. The perceptible, or felt, area wa= approx-
imately 2 million square miles which can be
compared to 375,000 square miles for the 1906
San Francisco earthquake. However, L -itton
(1889, p. 346) noted that the New Mad-id
earthquakes of winter 1811-12 were much
larger, being “. .. a convulsion vastly exceeding
that of Charleston.” He arrived at this conclu-
sion by making use of the reciprocity principle;
that is, by comparing the intensity of tt = New
Madrid earthquake at Charleston with the in-
tensity of the Charleston earthquake at New
Madrid. The distance between the epicenters of
the two earthquakes was about 600 miles. The
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Figure 1. Isoseismals of the Charleston earthquake. (From Dutton, 1889.)
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1886 earthquake was felt at New Madrid “. . .
only as a very feeble tremor, noticed indeed by
a number of persons, but exciting no comments
at the time because such tremors are felt there
rather frequently.” The 1811 earthquake, on
the other hand, was felt strongly in Charleston,
as “. . .violent at least as that of the Charleston
earthquake in Atlanta, Asheville, Raleigh, and
Wilmington. The accounts given by localities
situated about 200 miles from Charleston ap-
proximate very closely the indicated intensity of
the New Madrid earthquake in Charleston.” By
examining figure 1, it follows that Dutton
placed the Rossi-Forel intensity of the 1811
New Madrid earthquake in Charleston at VII
and of the Charleston earthquake in New
Madrid at IV.

The purpose of figure 2, as prepared by Dut-
ton, was to show evidence of two epicenters,
one to the northwest of Charleston and the
other almost due west of Charleston. An alter- -
nate interpretation, to be discussed later, is that
the “epicenters” of Dutton represent the points
of initiation and termination of the fault
rupture.

Bollinger (1977) reinterpreted Dutton’s basic
intensity data using the modern Modified Mer-
calli Intensity Scale. His generalized map for
the Eastern United States is shown in figure 3.
Figure 2 (by Dutton) and figure 3 (by Bollinger)
are very similar, although the latter shows
somewhat more detail. However, both maps in-
dicate almost identical areas of perceptibility
and identical areas of structural damage.

Bollinger (1977) also prepared an isoseismal
map of the Charleston earthquake for the East-
ern United States that was contoured to show
the more localized variations in reported inten-
sities for the 1886 earthquake (fig. 4). It shows
how local surficial conditions [soil and (or) rock,
as well as ground water levels] and topography
can cause departures from average intensity
values by as much as plus or minus two inten-
sity units.

Figure 5 is a reproduction of Bollinger's epi-
central area map for the 1886 earthquake, with
the isoseismal curve enclosing intensities corre-
sponding to X on the Modified Mercalli Inten-
sity Scale. The town of Middleton Place is near
the center of the isoseism. Recent studies by
Dewey (1983), who relocated the South Caro-
lina earthquakes that occurred from 1945
through 1974 by reevaluating the seismo-
graphic data, and by Tarr and Rhea (1983),
who used a microearthquake network of sta-

tions to locate the epicenters of earthquakes
near Charleston that occurred from March 1973
through December 1979, show that the area
outlined by the solid-line curve in figure 5 is
also the region of present-day earthquake ac-
tivity, as shown in figure 6 (Tarr and Rhea,
1983). Assuming the epicenter of the 1886
earthquake was within this area, its ericentral
coordinates would be 33.0 = 0.1° N,

80.2 = 0.1° W.

Although numerous examples of sand craters
and other soil disturbances in the epicentral re-
gion of the 1886 earthquake were fourd, no ev-
idence of fault rupture was observed at the
Earth's surface. Surficial faulting, which is com-
mon for earthquakes in California and the
Western United States, has never been ob-
served for historic earthquakes in the astern
or Central United States.! This suggests that
the depth of the eastern earthquakes is large
enough so that the rupture is confined to the
rock mass beneath the surface. Nuttli and Herr-
mann (1984) gave a formula for the minimum
focal depth, as a function of body-wave magni-
tude, when such conditions prevail. For the
1886 earthquake, this minimum focal cepth is
found to be approximately 12 miles. Terr and
Rhea (1983) indicated that the depths of the
present-day microearthquakes are, for the most
part, between 3 and 9 miles, as can be seen in
figure 6, which is taken from their wor.

Bollinger (1977) used his generalized inten-
sity map and two different relations between
Modified Mercalli intensity and grounc particle
velocity to estimate the body-wave magnitude
of the 1886 earthquake. By employing a rela-
tion, developed for the Central United States,
between intensity as described by the Modified
Mercalli Intensity Scale and ground velocity, he
obtained a body-wave magnitude estimate of
6.8, whereas a relation obtained from Western
United States data gave a body-wave r~agni-
tude estimate of 7.1. Nuttli and others (1979},
by means of a somewhat similar approach, esti-
mated the body-wave magnitude to be 6.6.
However, by using correlations of the area en-
closing MM 1V effects with the body-wave

1A possible exception is the Meers fault of southwestern
Oklahoma, which shows repeated offset in the late Qua-
ternary sediments, the most recent event occurring within the
last few hundred to a few thousand years (Tilford and Huff-
man, 1985). Total horizontal offset exceeds 66 feet (Ramelli
and Slemmons, 1985). The area was settled in 1860, and, since
that time, no earthquakes have been felt,and no evidence of
an earthquake of body-wave magnitude 4 or larger has been
found (Lawson, 1985).
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Figure 3. Isoseismal map of the Eastern United States contoured to show the broad regional pattern, of the.
reported intensities for the 1886 Charleston earthquake. Contoured intensity levels are shown in
roman numerals. (From Bollinger, 1977.)

magnitude, they estimated a body-wave magni- body-wave magnitude and average source

tude value of 6.9. A weighted average of these  characteristics of earthquakes in easten North

various body-wave magnitude estimates would = America. According to these relations, an earth-

be about 6.7. quake of m, = 6.7 would have a surface-wave
Nuttli (1983) presented relations between magnitude of about 7.7, a seismic moment of
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4 x 10%¢ dyne-centimeters?, a fault rupture

2Seismologists always express seismic moment in metric,
rather than British, units. The equivalent relation is 1 dyne-
centimeter = 2.37 X 1076 pound-square feet per square
second.

length of approximately 19 miles, a fault rup-
ture width of about 12 miles, and an average
fault slip of about 7 feet. These values must be
considered at best as approximations because
they are based upon no instrumental data, but
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Figure 5. Epicentral area map for the 1886
Charleston, South Carolina, earthquake.
Dashed contour encloses the area where
intensity X effects were observed. Rivers
flowing past the Charleston peninsula are
the Ashley, flowing from the northwest,
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(From Bollinger, 1977.)

only intensity maps and a number of empirical
relations.

If we return to figure 2 and move Dutton's
northern epicenter to a point about 3 miles to
the southeast of Summerville (on the basis of
our earlier discussion), the distance between
the two “epicenters” of Dutton becomes
15 miles. Dutton (1889) noted that observers in
Charleston reported the earthquake disturb-
ances in that city first came from the northwest
and then from due west. He used this, along
with the distribution of intensity as shown in
figure 2, to justify the existence of two separate
earthquakes. However, in light of our present

understanding of earthquake rupture mechan-
ics, his observations can be interpreted in a
somewhat different way. We might infer that
the rupture of the 1886 main shock began at a
point a few miles to the southeast of Sum-
merville and progressed to the south, vhere it
stopped at a point a few miles to the northeast
of Adam's Run. The stopping, as well as the
initiation, of fault rupture gives rise to large
ground motions, which would explain the exis-
tence of two small areas of highest intensity
separated by a distance of about 20 miles. It is
interesting to note that the two centers of
present-day microearthquake activity near
Charleston, as shown in figure 6, corre