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Sirs
I have the honor to submit herewith the report,
"HEarthquake Liislks in Arkansas," which is a statistical

study covering the period from 1811 to 1931, by {eorge C,.
sranner and J. #. idansell.

Information concerning earthquake risks in the
state has been requested from this department from time to
time by insurance companies and by residents of northeast
arkansas. In this paper an attempt 1s made to compile and
interpret available data concerninz those earthquakes which
have affected Lthe central Mississipni Valley, and Arkansas
in particular.
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ARSTRACT

Northeast Arkansas lies withim the central Mississippi Valley sarthquake
region of the United States. The three greatest earthquakes which have affected
Arkansas have been the New Madrid earthquake of 1811 to 1813, the Memphis earth-
quake of 1843, and the Charleston earthquake of 1895. Of the total number of
esrthquakes which have been felt in Arkansas, 95 per cent have affected the
northeast portion of the state while only eight per cent have affected the en-
tire state, The greatest percentage (85 per cent) of earthquakes felt in the
state has been of medium intensity, rated between I and VII on the Rossi=Forel
scale. Only nine per cent of the earthquakes felt in the state from 1811 to
8037 have been of sufficient intensity to endanger life., Since 1909 the aver=
age periodiclty has been one earthquake every 6.7 months. The continuation of
frequent small shocks of low intensity in northeast Arkansas may probably pre-
vent the bullding up of earth stresses which will produce an earthquake of
great severity. The earthquakes of northeast Arkansas are apparently caused by
movements in the basement rocks underlying the Gulf Coastal Plain.

INTRODUCT ICH

This paper endeavors to set forth essential data concerning the distri-
bution of the earthquakes which have affected the central Mississippl Valley,
and especially the State of Arkansas, with the object in view of presenting a
fairly clear picture of the earthquake situation within the state, The infor-
mation given is of particular interest to residents of northeast Arkensas and is
of value of insurance companies as an aid in the determination of premium rates
on policies which offer protection against damage or destruction by earthquakes,
Engineers and architects will also find this information helpful in determining
the necessity for earthquake-proof types of construction. The record of earth-
quakes is also of historical and educational intorest.

Some interesting data have recently been gathered by John R. Freeman E/’who
states that in the entire state of California where there has becn a large
amount of fire or property damage duc to carthquakes, the total claims paid . on
earthquake insurance from 1921 to 1930 amounted to only $1,302,253, although the
premiums paid for that period amounted to $13,929,520. This period ineluded the
Santa Barbara carthquake of 1925. Mr. Frceman also states that during the above
period over the portion of the United States lying east of the Rocky Mountains,
the actual earthquake damage was so small it could have been covered by standargd
fire insurance policies with trifling additions to the rate. He further states
that in regions where earthquake risks are serious, buildings con be so cone
structed a8 to minimize the risk of damage at an incrense in cost roughly esti-
mated at not more than 15 per cent.

Comparatively little information is available conecrning the earthquake
which took placc in the Mississippi Valley region prior to 1909. Following is a
list of all source material utilized:

U. S. Weather Bureau, Monthly Weather Review, 1876-1925,
A. H. Purdue, The Charleston (Missouri) Eorthquake, Indiana Academy of
Science, 1895,

1/’Freeman, J. R., Earthquake damage and earthquake insurance; New York; McGraw-
Hill Book Company, 1932.



M. L. Fullor, The New Madrid Earthquake, U. S. Geological Survey Bulletin
494, 1206,

Seismological Society of Amerien, Bullctinsg 1911-1930.
U. §. Coast and Geodetic Survey Seismologicrl Reports as follows:

Serial No. 503, January, February, Narch, 1825,
" " 337, April, May, June, 1925,
" " 863, July, August, Septembor, 1925,
" " 388, October, November, Docember, 1925,
" ® 395, January, February, Mureh, 1926,
" " 406, April, lMiny, June, 1926,
" " 424, July, August, Septoember, 1926.
" " 431, October, November, Decombor, 1926,
" " 463, Jonuary, Fobruary, iarch, 1927,
" " 468, April, May, June, 1927.
" " 485, July, August, September, 1927.
" " 503, October, Novomber, Deecmbor, 1927,

N. H. Heok, Barth quake History of the United States, U. S, Coast and Geo-
detie Survey Special Publication 149, 1928.

N. H. Heek and R. R. Bodlc, tnited States Earthquakcs, U. S. Coast and Goow
detic Survoy Serinl 483, 1928,

N. H. Heok and R. R. Bodlc, United States Earthquates, U, S. Coast and Geo-
dotie Survey Scrial 511, 1929.
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GENERAL CORSIDERLT TONS REGARDING E/RTHAULKES

Cause

An carthquake is o vibrotion or shaking of the eorth and usually coan be
definitcly associnted witlh carth movomonts nnd fracturing of the carth's crust.
Upon sudden fracture, vibrations arc set up in the carth at and ncar the fracture
and these travel through the earth, deerecasing in intensity with the distance
travelled,

Most sclentists hold to the concopt that the carth's crust is unstable. In
genernl, this means that nlthough some portions of the carth's erust arc stable,
other portions arc slowly rising, and still others are ginking. It follows
that, in arcas of instability, strosscs are always present, Some parts may be
under compressive streossces while others may bc under tension or torsion. Thoe
releasc of any one, or a coubination, of these strcsscs by sudiden fracture will
producc nn carthguake,

Stresses set up in the carth's erust in regions of instability may find re-



lease In gradual movement along pre-existing lines of slip or faults, or may
cause the formation of new lines of raulting, If these stresses are gradually
relieved along pre-existing lines of slip, no appreciable tremors will result,
whereas stresses finding no gradual release may bulld up beyond the strength of
the earth's crust and be suddenly released by fracture, causing an earthquake.

The intensity of an earthquake is greatest at its epicenter, which is the
area on the earth's surface above the point, line, or zone of origin. Usually
the slipping which causes the earthquake relieves the stress and no further
movement takes place until stresses have again built up to a breaking point.

This may require only a short time or a period of years, depending on the charac-
ter and cause of the stresses.

Intensity

The intensity of an earthquake shock at its point of origin varies with the
amount of movement, the character of the local surface formations, the size of
the area affected by the movement, the rapidity of the movement, and the depth
at which movement occurs. Earthquake intensities are usually classified ac-
cording to the Rossi-lorcl scale of intensitics, This scale is used in this
paper and is given below:

Rossi-Forel Socale of Intensities
I. Mieroseismic shocls Recorded by a single seismograph or by seismo=
graphs of the same model, but not by several seismographs of dif-
ferent kinds; the shoek felt by an experienced observer.

II. Hxtremsly feeble shoek. Rocorded by several selsmographs of 4if-
Perent kinds; felt by a small nurher of persons at rest.

ITl. Very feeble shoek., Felt hy sevoral psrsons at rest; strong enough
for the direction or duration to bo approciable,

IV. I'eeble shock. Pelt by several persons in motion; Aisturbance of
wovable objects, doors, windows; erscking of ceilings.

Ve Shock of moderatc intensity. TFelt generaily by everyone; dise
turbance or furniture, beds, eto.; ringing of some bells.

VI. TFairly strong shock, General awakening of thosa asleep; general
ringing of beclls; oscillation of chandclicrs; stopping of clocks;
visible agitation of trees and shrubs; sowe startlocd porsons leav-
ing thoir dwellings, '

trong shock. Overthrow of mevable objects, fall of plaster; ring=
ing of church bells; general panics without domage to bulldings.

<
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ViII. Very strong shock. [nll of chimneys, cracks in the walls of build-
inzs .

IX. Extremoly strong shocks Partial or total destruction of some
buildings.



Xes Shock of extrome intensity. Crcat disaster; ruins: disturbance of
the strata, fissurecs in the ground; roek falls from mountains.

Methed of Recording and Locabing

Earthquakes are rccorded with scismographs. These arc highly sensitive
instrumonts which record the time and intensity of carth vibrations. The seismo-
gropn records throc types of vibratiens or waves produced by en earthquake, which
are classed as (1) longitudinal or compressional waves, in which the particles
move in the line of propagition, (2) transverse or shear waves, in which the
particlcs move at right angles to the line of propagotion, and (3) circumfer=
entizl waves, in which the movement of particles is very complex. These threo
classcs of waves travel ot differcnt velocitics, the first two through the earth
and vhe third at or noar the carth's surface. Seismographs rccord these wnves in
tho order in which they arc received. By comparing the time of the reception of
the threc types of waves, the distance from the recciving station to the point
of origin of an earthquakc can bo ostimated. By comparing the rccords of soveral
widcely=~spaccd scismolozieal stations, the approxzimate loeation of an sarthqualko
can be determined.

Scismological Stations in the South Contral Mississippi Valley

Six selsmological stations arce located in the south contral part of the
Mississippi Valley region. Thesc, with their datcs of installation, arc as
follows:

¢Sity Location Datc installed
Ste Louis, Missouri S5t. Louis University October 22, 1909
Lowrenoe, Hansas University of Kansas 190¢
New Orleans, Louisiana Loyola University July 31, 1910
Mobile, Alabamn : Spring Hill College Oetober 10, 1910
Plorissant, Missouri St. Louls University August, 1928
Little Rock, Arkansns St. John's Scminary December 6, 1930

These stations, with the cxception of the onc at Lawrcnes, Fansas, operated
by the University of Kansas, arc operated by tho Jesuit Scismologioal Associ=
ations The Assoclation, through its Central Station in St, Louis, is glving
ecspeeial attention to the study of the Mississippi Valley carthquakes and thoir
epicenters, and hns issucd data in rogard to them in its Proliminary Bullebins.
All stations cooperate with the United States Coast and Geodetic Survey.

BEARTHQUAKES IN NORTH AMERICA AFFECTING THE CENTRAL
MISSISSIPFI VALLEY

The regions in the United States most affceted by earthquakes are shown in
the shaded arcas in Plate I, Within the United States, it will be noted that,
in addition to the main (Cordilluran) carbhquake zonc (Ares 1) along the Pacific
Coast, btherc are four general orces subject to earthquoke disturbanecs. Ope of
these (Area 2) i3 in the Rocky Mountoin rcgion; the second (Arcn 3), which is the
one counsidered in this paper, is in the eentral Mississippl Volley region conter-
ing appreximatcely at the mouth of the Chio; the third (Arca 4) follows the
Appalachian Mountain systom; and the fourth (Arca 5) is 2 small aren on the
Coastal Flain in the vicinity of Charlcston, South Caroclina.
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Fuller E/’gives & summary of earthquakes in the central Mississippi Valley
region preceaing 1811, but, as the records of these are not as reliable as those
of the earthquakes following the year 1811, they are not included in this paper.
It must be remembered that, prior ko 190¢, instruments for the detection of
earthquakes were little used in the central Mizsissippi Valley region and, conse-
quently, before 190% records of the intensities of the shocks and the areas
alfected are not as accurate as those recorded by the seismoclogical stations,

In order to form a perspective of the Arkansas earthquake problem, it is
necessary to study the distribution of earthquakes within the central ilississippi
Valley regione. A list of the earthquakes whick have affected the central Niss-
issippi Valley since 1811, with rolevant data, has been compiled from available
reeords, and is shown in Table 1. Those carthquakes which have affected any parsg
of Arkansas are capitalized,

Table 1, = Earthquakes affecting the Mississippt Valley region
from 1811 to 1931 inclusive

Estimated Intensity Maxiiui

area Rosai=~ disbance
affectod Forel felt fram
Date Locality (sqs mi,) scnle epicenter
*/1811, Decs 16 NEW MADRID, MISSOURI 2a/ 1,000,000 X 584
1820, Nov. 9 Cape Girardeau, Missouri 5,000 or
o less I-V 40 7
1827, Auge 9 New Albana, Indiana Loeal VIT Local
f1843, Jaan, 4 MEMPEIS, TENNESSEE 400,000 IX 356
1857, Octs 8 Illinois, near S$t. Louis 7,500 VII 49
#1865, Aug, 17 SOUTHEAST MISSOURI 24,000 VII 87
-1867, Apr. 24 KANSAS 300,000 VII=-VIII 308
1875, Nov. B  Hansas 8,000 ¥ 51
1876, Sept. 25 Southern Illinois and Indiana 4,000 ? I1I~1V 35 7

2/ Fuller, M. L., The Hew Madrid sarthquake: U. S. Geol. Survey Bull. 494, pp.

T 1ll-12, 1912,

Eg/ﬁones, E. lester, Barthquake Investigation in the United States: Serial Noe
504, Dept. of’ Commerce, "This earthquake was felt over a great part of the
United States. G(ood evidence exists that another earthquake similar in in-
tensity occurred in the same region about 100 years before, A lasting result
of these earthquakes is the lowering of the level of a large exbtent of the
sountry in southeast Missouri and northeast Arkansas, now known as the 'Sunken
countrys.' At a more rocent date there would have been more towns and villages
and developed farmland to be damaged,."”



Table 1. - Earthquakes affecting the Mississippi Valley region

from 1811 to 1931 inelusive {cont.)

... Date

1877,
1877,
1878,
#1878,
1878,
#1878,
1879,
#1879,
#1880,
1882,
1882,
1882,
#1882,
1882,
1882,
-1882,
#1883,
#1883,
#1883,
#1883,
~1883,
1884,
1886,
#1888,
1887,
#1889,
1891,
0£1895,
#1897,
1897,
#1898,
1899,
1902,
#1903,
1903,
#1903,
1904,
#1905,
1905,
#1905,
1906,
1906,
1907,
#1908,
1908,

June 15
Nov. 14
Jan. 8
Mar. 12
Nov, 19
Nov. 19
duly 26
Sept. 26
July 13
May 25
July 20
July 28
Sept. 27
Octs 14
Oct. 15
Oot, 22
Jan, 11
API'. 1z
June 11
July 14
Dec. 5
Febh., 15
Mar, 18
Aug. 31
Fab. 8
July 19
July 26
Qet. 31
Apr. 25
API'. 30
June 14
Apr. 29
Jan. 24
Feb. 8
NOV. 4
Nov. 27
Oet. 27
Ja.n‘ 27
Apr, 13
Aug, 21
J&nc 7
May 11
Jul:,f 4
OCto 27

_...Locality

Carbondale, Illinois
East Nebraskas

Cairo, Illinois
COLUMBUS, KENTUCKY
Caire, Illinois
SCUTHEAST MISSOURI
Cairo, Illinois
MEMPHIS, TENNESSEE
MEMPEIS, TENNESSEE
laSalle, Illinois
South Illinois
Ironton, Missouri
SOUTH ILLINOIS

St. Louis, Missouri
South Illinois
ARKANSAS

MISSOURI AND TENNESSEE
CAIRC, ILLINOIS
MEMPHEIS, TENNESSEER
CAIRO, ILLINOIS

BOCNE COUNTY, ARKANSAS
Caledonia, Missouri
Cajpo, Illinois
CHARIESTON, SOUTH CAROLINA
Vinoennes, Indiana
MEMPTIIS, TENNESSEE
Evansville, Indiana
CHARLESTON, MISSOURI
OSCEOLA, ARKANSAS
Tennessee and Illinois
CORNING ANL OSCEOLA, ARKANSAS
Southwest Indiana
Missouri

SOUTH ILLINOIS

St. Louis, Missouri
NEW MADRID, MISSOURI
Kansas

GADSEN, ALABAMA
Keokuk, Iows
SOUTHEAST MISSOURI
Manhettan, Kansas
Petersburg, Indiana
Farmington, iissouri
NEW MADRID, MISSOURI
Caire, Illinois

Estimated Intensity

area

affected

3,000
150,000
?

4,000 ?
9,500 1
70,000 ?

3,000
9,500
40,000
40,000
40,000
135,000
80,000
250,000
Local
10,000
Local
Local

3,0007

3,000,000
75,000
Loeal
Local
1,000,000
3,000
3,000
30,000
40,000
40,000
70,000
70,000
70,000
2,700
250,000
5,000
40,000
1¢,000
800

400
5,000
5,000

secale

Rossi-
Forel

7 III-V

VII
IT-IIT
VI-VII
II
ViI

?
ITI=IV
Iv-v
VI-VII
v

I-V
VI-VII
I-IIT
V=VI
VII-VIII
VI-VII
VIII
VI-VII
v
v

IIr
II=-IIT
X
VI
VI-VII
VI=-VII
VIII-IX
I11
IV
ITT
VI
Vi-vIiz
VII
VIi-VII
v
v
VI-VII
v
VI
VII-VIII
v
v

IV-v
V-V

Maximum
distance
felt from
epicenter

55 7
210
32
150
30 ?
217
?
35 7
B5 ?
180 7
31
55 ¢
112
112 7
112
207
159
280 7
Loeal
80 7
Local
Local
30 7
1,000 7
153
Local
Local
564
32 7
31
100 ?
112
112
148
148
148
29
282
40
112
56
16
11
40
40

)



Table 1, = Earthgquakes affecting the Mississippl Valley region
from 1811 to 1631 inclusive (cont,)

Estimated Intensity Meximum

area Rosgi- distance
affected rorel felt from
Date Locality (sqe mi.) secale epicenter
#1909, lay 26  ROCKFORD, ILLINOIS 500,000 - VIIT 398
1909, July 18 Illinois 40,000 VII-VIII 112
1909, Aug. 16 Southwest Illinois 18,000 ? IV=-¥ 76
120¢, Sept. 27 Indiana 30,000 VIII 98
f1909, Oct,s 23 SOUTHEAST MISSOURI 40,000 V=-VI 11z
1909, Oct. 23 Robinson, Illinois 30,000 V-V1 o8
-1911, Mer. 31 RISON, ARKANSAS 18,000 VII 78
1912, Jan., 2 Joliet, Illinois 40,000 VI 80
1913, Apr, 17 East Tennessee 240,000 VII-VIII 280
1913, June 9 Humbolt, Tennessee 4,000 7 III-IV 35 7
1913, Oct. 16  Sterling, Illinois 4,000 7 III-1V 35 7
1814, Mer. 5 Northern Alabams 125,000 ? IV 200 ?
1915, Feb. & Harrisburg, Illinois 9,500 7 IVwV 55 ?
1915, Feb. 19 Mound City, Illinois 4,000 7 IV 35 %
1515, Apr, 15 Olney, Illinois 3,000 ? 1II 30 7
1915, Apr. 29 HNew Madrid, Missouri 200 vy 8
1915, Oct. 8 Muskogee, Oklahoma 3,000 7 III 32 7
1915, Oct. 26 Mayfield, Kentucly : Local v Local
f1915, Dec, 7 NEAR MOUTH OF OHIO RIVER 60,000 VI 140
1916, Jan. 7 Worthington, Indiana 5,000 7 III — 32
#1916, Feb. 21  SKYLAND, NORTH CAROLINA 200,000 VI 250 7
#1816, Msy 21  NEW MADRID, MISSOURI 7,600 IV 50
#1916, Aug. 24 NEW MADRID, UISSOURI 3,000 ¢ TII 32
1916, Oct. 18 lasonville, Alabama 100,000  VIII 180 7
1518, Nov. 4 Birmingham, Alabama 3,000 7 IiI 32 1
1916, Dec. 19  Hickman, Kentucky Local V-VI Local
#1917, Apr. 9 BAST MISSOURI 200,000  VII 052
1917, May 9 Hendrickson, Missouri 4,000 ? IV 35 7
#1917, June 9  NEW MADRID, MISSOURT 30,000 ? IV 100 ¢
1917, June 30 Greensporo,Alabama 9,600 7 IV-V 55 7
1918, Febs 18 Cairo, Illinois 3,000 7 III 32
1918, Septs 10 Oklahoma Loocal VI Local
#1918, Oct. ¢  BLACK ROCK, ARKANSAS 30,000 V 98
#1818, Oct, 13 HOXIE, ARKANSAS 9,500 ? V 55 7
#1918, Oct. 15 WEST TLNNESSUE 20,000  V-VI 80
1919, Feb. 10 S. Wo Indiana and N. W. Kentucky Local 7 ?
1819, May 23 Hickman, Kentucky 3,000 7 III 32 ¢
1819, May 24 Hickman, Xentucky 5,000 7 I1I 32 7
1519, May 25 South Tndiana 18,000 v 76
#1919, May 26  BARTWRLL *ND HICKMAN, WENTUCKY 8,000  TII 50
1619, May 27 Wichita, Xansas 9,500 ? IVaV 886 %
1419, May 28 Tiptou=ille, Tennessee 3,000 * TIII 32 7
1919, July 28 Wiechisa, Kansas 4,000 7 IV 35 ¢
%1919, Hove & PCCAEDHTAS, ARKALSAS Loeal ITI-V Loeal
1920, Feb. 28  Springfield, hissouri 4,000 v 35

1920, Apr. 7 Springville, Tennossee 3,000 7 II 30



Table le = Earthquakes affecting the Mississippil Valley region
from 1811 to 1931 inclusive (cont.)

Estimated Intensity Maximum

area Rossi- distance
affected - Forel felt from
Date Locality (sqs mis) soale epicenter
1920, Apr. 30 Centralia, Illinois 4,000 ? IV 36 ?
1620, May 1 Missouri 10,000 v 56
1920, Oet, 3 Horrisonville, Missouri 3,000 7 II 30 7
A1921, Jan. 10 NBEW MADRID, MISSOURI 4,000 7 IV 35 7
1921, Feb, 27 Cairo, Illinoils 3,000 ? 11T 32 7
1921, Mar. 14 Terre Haute, Indiana ? ? ?
1921, Sept. © ‘Waterloo, Illinois 4,000 ? IV 356 7
1921, Cet. 1 Harrisburs, Illinois 4,000 7 III-IV 35 7
1921, Oet. 9 Waterloo, Illinois 3,000 ? III 32 7
1522, Jan. 11 Mount Vernon, Indiana 9,500 7 ¥V bt 7
#1922, Mar. 22  SOUTH ILLINOIS 25,000 v 89
/1922, Mar. 30  FARMINGTON, TENNESSEE 70,000 7 V 150 7
/1922, Nov. 26  PADUCAH, KENTUCKY 30,000 ? IV 100 7
1923, Mar. 9 Greenville, Illinois 4,000 7 IV &5 7
1923, Mar, 18 Southern Illinois ? ? ?
#1923, Mar. 27  WYATTE, MISSISSIFPPI 4,000 ? 1V 35 2
1923, May 6 Cairo, Illinois 4,000 2 IV . 35 ?
1923, ¥ay 15 Cairo, Illinois 3,000 7 1II 30 7
#1923, Oct. 28  NORTHEAST ARKANSAS 40,000 VIII 112
1923, Nov. 9 Tallula, Tllinois 25,000 ? VaVI 90 ?
#1923, Nov. 26  MARKED TREE, ARKANSAS 4,000 * IV 36 7
#1923, Dec. 31  ARKANSAS 30,000 1 08
A1924, Jan. 1 BLYTHEVILLE, ARKANSAS 70,000 ? V 150 7
#1924, Mar. 2 KENTUCKY 150,000 VI 217
41924, June 7 TIPTONVILIE, TENNESSEE 9,500 ? IV-V 55
1925, Jan. 26 Waterloo, Illinois 4,000 7 III-IV 35 7
fﬁQZS, Jan. 27  BATESVILLIE, ARKANSAS Local ITL Local
19256, Mar. 1 Cairo, Illinois 3,000 7 I 30 ?
1925, Apr. 27 Indiana ) 100,000 VI 176
1925, May 13 Kentucky 3,000 v 31
-1925, July 8 HARRISOW, ARKANSAS 4,000 ? IV ‘ 35 ¢
1925, July 30  Amarillo, Texas 200,000 VI 262
1925, Sept. 2  Xenbucky 75,000 Vi-VII 153
1928, Sept. 20 Henderson, Kentucky 9,500 ? III-V 55 2
1926, Mar. 22 Harrisburg, Illinois 4,000 ? IV 35 ?
1926, Apr. 28  Kenton, Tennessee 4,000 7 IV 35 7
1926, June 20  Auakogee, Oklahoma 4,000 ? II-IV 35 1
#1926, Cote. 27 POPLAR BLUFF, MISSOURI 4,000 ? IV 35 7
#1926, Dec, 13 PARMA, MISSOURI 3,000 ? III 32 7
#1926, Dec. 16 TIPTORVILIE, TENNESSEE 4,000 1 IV 35 7
1927, Jane. 7 MoFherson, Kansas 4,000 ? IV 35 7
1827, Feb. 1 Jackson Aissouri 4,000 ¥ IV 35 7
#1927, Feb, 3 POPLAR BLUFF, MISSOURI 3,000 ? II 30 ?
1927, Mar. 18 Kansas 300 v 10
1627, Lpr. 18 Ridgely, Tennesses 4,000 ? III-IV 35 7

/1927, ay 7 NORTHEAST ARKAHSAS 130,000 VII 2086



Table ls ~ Earthquakes affecting the Mississippi Valley region
from 1811 to 1931 inclusive (cont,)

Estimated Intensity MNaximum

area Rossi- distance
affected Forel felt from
Date Locality (sq. mi,) scale epicenter
1927, July 20 Central and east Temnessee 70,000 VI-VII 150
#1927, Auge 13  TIPTONVILLE, TENNESSEER 26,000 7 1IV=VI 90 7
1827, Ost. 8 Chattanoogs, Tenn. 9,600 7 V 55 ¢
1927, Nov. 13 Jackson, Mississippi 3,000 ? III 32 7
1927, Decs 15  Brentwood, Louisiana 4,000 ? IV 35 7
1928, Mpr. 6 Columbia, Temnesases 2,000 7 IV 25 7
1928, Mar. 17 12 miles from St. Louis 450 7 I 12 7
1528, Apr. 15 Cape Girardeau, Misgouri Loeal I-.v Loeal
1928, Apr. 23  Hickman, Kentucky Loeal I~V Local
1928, May 31 New Madrid, Missouri Local I~V Local
1928, Nov. 8 Beloit, Kansas Local I~V Local
#1928, Nov. 10  BLACK ROCK, ARKANSLS Local 1.V Loeal
#1928, Dec. 25  BLACK RCCK, ARKANSAS Local I-V Local
1929, Feba. 14 Princetown, Indiana 1,000 7 I~IV 13
1929, Feb. 26  Arcadia, Missouri Local I-Iv Local
1929, Moy 12 Tiptonville, Tennessee Local I-IV 36
1928, July 28  Burrwood, Louisiana 3,000 7 1IIT 32 ¥
1929, Sept. 23 Manhattan, Kansas 15,000 v 68
1929, Oct. 21  Junction City, Kansas 4,000 v 51
1929, Oct. 23 Junction City, Konsas Local I-TV Local
1929, Nov. 26  fshland, Kansas Local Iv-v Local
1929, Dee, 7 Manhattan, Kansas 1,000 v 18
1929, Dec. 27 H1 Reno, Oklahoma 8,000 I3V 51
19306, Jan. 2 Ripley, Tennessees Local i1 Loeal
#1930, Jan. 26  BLACK ROCK, ARKAMSAS Loeal I-111 Loeal
#1930, Feb. 18  MARKED TREE, ARKANSAS Iocal I-IT Local
1230, Feb. 25  Cairo, Illinois Loeal ITI Local
1930, Mar. 26 Raleigh, Termessece Local II Local
#1930, Mar. 27 MEMPHIS, TENNESSEE Local I-1V Locnl
1930, Apr. 2 Caruthersville, Missouri Loeal I-1V Looal
1830, May 28 Hammibal, liissouri Looal I-v Local
1930, Aug. 8 Hannibal, Wissouri . Local I-v Local
(Blandville, Kentucky
1930, Augs, 29 (Barlow, Kentucky 200 ? V 8
(Cairo, Illinois
(New Madrid, Missouri
1930, Sept, 1 (Hickman, Kentucky 550 ?  IV-V 13
(Tiptonville, Tennessee
1930, Sept. 3 Blandville, Kentucky Local I=-TI1 Local
1930, Oct. 19 New (rleans, Louisiana 12,000 ?  III-IV 80
-1930, Nov. 16 ML IVERN, ARKANSLS 350 % v 10
1930, Dec. 23 3t. Louis, Missouri Local IV-v Local
1931, Jane. 5 Elliston, Indiana 520 7 I=IV 10
1931, inr. 1 Cuiro, Illinois Local I-111 Local
1931, 4pr. 6 Berkely, Kentucky Loeal ITI-IV Local

1931, May 5 Oneonta and MMontgomery, Alabama 20,000 V=VI 79



10

Table l. ~ Earthquakes affecting the Mississippi Valley region
from 1811 to 1931 inclusive (cont.)

Estimated Intensity Maximum

area Rossi- distance
affected Forel felt from
_ bate Locality (sqe mis) scale epicenter
(Tiptonville, Tennessee | .
1951, duly 18(New Madrid, Missouri 500 v o
, (Overland Park, Kansas
1931, Auge 9 (Kansas City, Missouri 80 v 5
#1931, Dec. 10 BLYTHEVILLE, ARKANSAS I-V Local
(BATESVILLE, MISSISSIPRI
-1931, Dec. 16{MEMPHIS, TEHNESSER 6,000 % IV-VI 43

(HELENA AND BRINKLEY, ARKANSAS

¥ A succession of shocks, beginning lecember 16, 1811, which oceurred throughout
the year 1812, and were last recorded December 12, 1813, Collectively
these are classified as the New iladrid earthquake of 1811, The total
number of imown shocks is 1,882,

f’Earthquakes affecting northeast Arkansas.
~ Earthquakes affecting Arkansas other than in the north east part,
0 A succession of at least six shocks,

The approximate locations of the earthquakes in the above list are shown in
Plate II. FEach separate earthquake is represented on this plate by a circle, the
assumption beinp that the area aftected can be limited by a circle, the radius
of which is equal tc the greatest distance from the eplcenter at which the earth-
quake was felt. The probability that the shape of an area affected by an earth-
quake will be even approrximetely circular is slight, but without more accurate
data, this is the best comoromise that can be made.

According to the above table, 2,078 shocks affecting the central Mississippi
Valley in the 12l-yeur period from 1811 to 1931 inclusive. This figure 1s mis-
leading, however, as 1,88Z of the snocks can be related to the New Madrid earth-
quake of 1811-1813, and six to the Charleston earthguake of 1885, which leaves
only 180 for the entire period from 1811 through 1931, excluding the New indrid
and Charleston earthqua'zes. 1f the New Madrid and Charleston earthquakes are
classed as one disturbance each, the total number of earthquakes affecting the
central iississippi Valley since 1811 will be 192, The record is probably in-
complets but it is as full as can be made without extensive research. Only since
1925, when the United Stetes Ceast and Ceodetic Survey was provided with funds to
make investigations and to compile information on enrthquakes, have the records
boen completely compiled.

Prior to 1920 the inited States Weather Burean had charze of collection of
earthgquake data, and summaries were published regularly by that Burcawn in the
Monthly Weaithor Review,

A study of the lisht of earthqunkes (Table 1) which have affected the Miss-
issippl Valley region indicat~d thnt 158 (82 per cent) of the 192 earthquakes as
defincd above werw not suflicicently strong to tause proporty damage (Intensities
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I-VI), and only sevon (four per cent) of the 192 were strong enough to endanger
life (Intensities VITi-X). Of these seven severc earthquakes, only three were
sufficiently scvere to cndangor 1life soeriously and the area of oxtrome danger wes
rclatively small.

EARTHRUAKES APTECTING ATKANSAS

The greatest carthquakes which have affeeted both Arkansas and the Mississ-
ippi Valley region arc the kew Iadrid carthquake of 1811, the Memphis carthquake
of 1843, and the Charleston earthquake of 1895« The epicentral zonc of the New
¥adrid carthquake lay between Now Madrid, Missouri, and Tyronza, Arkansas, and
had a length of 75 miles. (Sce Pl. III.) This carthquake, which is classed as
one of the 20 greatest carthquakes of the world and was the most sovere carthquake
which has occurrced in the United States in historic times, consisted of a suo-
ccssion of shouks of different intensities, beginning December 16, 1811, and
lasting throughout the years 1812 and 1913. The nearcst points at which systoma-
tic attompts wore made to record the shocks of the New Madrid carthquake were at
Louisville, Kentucky, and Cineimnati, Ohio. These records have been listed by
Fuller E/ﬁ At Louisville, 250 miles from the cpicenter, 1,764 shooks wore rcs
corded between Deccmber 16, 1811, and May 6, 1812, Apparently the recording of
shocks folt at Loulsville ccascd at the latter date. At Cincimnati, 340 miles
from the epicentor, 41 periods of shocks were reecorded, eight of which occured
between May 5, 1812, and leeember 12, 1813, and it is probable that only the
strongest disturbanecs wore noted. Shocks of slight intonsity, similar to the
majority of thosc recorded at Louisville prior to Moy 5, 1812, probably continudd
throughout the period of disturbance and, if noted, would probably have brought
the total number of shocks to soveral thousand. The available data indieate,
however, thot there were at least 1,882 earthquake shocks which originated in the
New Madrid carthquoko area between Docember 16, 1811, and Docember 12, 1813.

Perhaps the most scvere shoek was felt at the boginning of the New Madrid
disturbancs on Dzccwber 18, 1811, although twe othor shocks of acarly equal in-
tensity, one on Joruary 23, 1812, and the other on February 7, 1812, were felt
over two-thirds of the aren of the inited States and as far away as Charleston,
South Carolinn, #cshington, 0. C., and Debroit, Michizar. Thesc three carthe .
quakns ereatod kavoe in the area whore the shoek was groatest and strongly affect-
ed tho states of kissouri, Arkansns, Illinois, Temnecss.c, and Xentucky. In the
area of gruntest intensity, sard end water wore forced to the surface along
fissures forming sand bicws, nurvow trenches were formud by subsidence along
fanlts, landslides occuavrred along steep stream banks, and warping of the surface
produced domes an d.precssions, the latbter being known ~s "surk lands." 8t.
Francis Lakc, Yyronzoa Take, aad 3ig Lake in Arkansas, Leke Wicormy in Hissouri,
and Reclfeot Taks in Tearcssece, as well as numerous swamps, oceupy portions of
the "sunk lanis." The Pipteaville, Tenncssce, dome was formed by this earthquake
and also possihly the domos at Blythovilleo, Arkansas, and woct of Tyronza Iake.
The map (Ple 1f1) shows tns epicontral arca of the New Palrid carthquakc, the
arcns of sand blovs, lazuslides wnd merked fissuring, and the "sunk lands" and
lakes and domes. #any of the lakes,among which are St. ¥roneis Iake and Pig
Inke, have beon artiticislly drained in reoent yoors, but they nic shovm in Plate
IiY as they cxisbed in 1005,

3/ Fullor, M. L., Ops oita
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Concerning the results of the New Madrid earthquake, Heck 4/%tates:

"4 lasting result of these earthquakes is the lowering of
the level of a large extent of the country in southeast Missouri
-and northeast Arkeansas, now known as the 'sunken country.' At a
more recent date there would have been more towns and villages
and developed farm land to be damaged. Happening as it did before
¢ ‘development started, it served for many years as useful purpose
and benefited the Mississippi Valley as a whole. At time of flood
the sunken country, with its many lakes and bayous, served as a
reservoir to hold back a large part of the flood water, not giv-
ing them back to the river until after the flood has passed,
This had the surprising result that for fully established flood
conditions the flow was greater at the mouth of the Ohio River
than at the mouth of the Mississippi River at New Orleens. In re=
cent years levees have been built and the land cultivated, Howe
ever, the lakes and bayous serve as drainage for this region, and
the wator is carried into the river farther downstream."

N

An earthquake with an intensity of IX occurred at Memphis, Tennessee, on
January,4, 1843, DNo details concerning this earthquake have been obtained, but
it probably ranks second in intensity within the Mississippi Valley region.

A severo earthquake, which had its epicentral zone near Charleston, Miss-
ouri, about 25 miles northeast of New Madrid, occured on OCotober 31, 18954 This
earthquake consisted of six seperate shocks, three of which were felt on October
31, one on November 1, another on November 2, and the last on November 17, 1895,
The earthquake was felt as far as Wichita, Kansas, and Atlanta, Georgia, and
probably ranks third in intensity within the Mississippi Valley region in his-
toric times. This earthquake has been briefly described by Purdue é/ﬁ

It is assumed from the above that & total of 1,888 recorded shocks from the
New Madrid and Charleston earthquakes affected Arkansas., If we class the New
Madrid and Charleston disturbaneces as one earthquake each, then, as stated pre-
viously, 192 earthquakes wore reported in the central Mississippl Valley from
1811 through 1931, From a study of Plate II, it is estimated that 66 of these
affected Arkansas, If the 64 shocks which have affected Arkansas, exclusive of
the New Madrid and Charleston earthquakes, are added to the total of 1,888 shocks
recorded from these two earthquakes, then a totnl of 1,952 earthquake shocks has
affected Arkansas from 1811 to 1931 inclusive.

Distribubion

A study of Plate II shows clearly that the central Mississippi Valley carth-
gquake area centers in a relatively small rogion in southeastern Missouri,
southern I1llinois, southwestern Kentucky, and northwostern Tenmessce around the
mouth of the OChio Rivers Northeast Arkansoas has thoreflore becn affected by the
greatest number of carthquakes and southwest Arlonsas by the least number. The
following table gives comparative figurcs for the number of carthquakes in

S

4/ Heck, N. H., Farthguake investigation in thce United States: Ue. S. Coast and

Geodetic Survey Serial 456, p. 6, 1920,
5/ Purduo, A. He, Tho Charlcston (Mo.) carthquake: Ind. Acad. Sc. Pr., ppe 51-
- B3, 1895,
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dif'fernt portions of Arlcinsas:

Table Z4 =~ BEarthquakes atfecting different parts of Arkansas
from 1811 to 1831 inclusive

Section Humber of Intensitics Per cent of total
affected  eartiiquakes Loeal I~V VI-VIII IX~X I-X of 66 earthquakes

Northeast 63 9 44 7 3 0 95
Neorthwest 18 1 13 4 0 0 27 .
Southwest 12 1 9 2 0 0 18
Southenst 20 0 18 2 ¢ ¢ 30
¥Whols state 5 C 0 C 0 5 8

The above table necessarily conbains duplientions. For instance, an earth-
quake which affected northeast Arkansas and also northwest Arkansus, is ineluded
in the figures i'or both areas; or an earthquake which affected the entire stnte
is included in the figures for each section of the state. It will be noticed 4in
the above table that 95 per cent of the total number of 66 earthquakes felt in
Arkansas have affected nertheast Arkansas, while only eight per cent have affect-
ed the entire state. The northenst portion of the state is, therefore, the area
where earthquakes are most likely to occur.

Intensity

The intensities of the earthquakes wiich have ~ffccted Arkansas are shovm in
the following tables:

Table 3. = Intensity and number of earthquakes in Arkansas
from 1811 te 1931 inclusive

Intensity Number Per cent
I-II 21 32
I-~TI17 7 11
T=IV 9 14
I-v 16 24
I-vI 3 5
I-VII 4 6
I-VITI 2 3
ITI=-VI 1 1
ITI=-IX 1 1
IV~IX 1 1
IV=X 1 1

66 EE

In the above table it will be noted that 56 (85 per cent) of the 66 earth-
quokes affecting Arkansas were of intensities too low to cause property damage
(Intensities I-VI); 10 (15 per cont) were of intensities sufficiently strong to
cause propergy damape {Intensities VII-%), and six (nine por cent) were suf-
ficiently strong to endanger life (Inteunsities VIII-X). Three of the six strong
earthguuikes were leenlly of Intensities IX-X and there was extreme daarete life.

In considering the figures in Table 3, it must be remembered that intensity
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decreases with the distance from the eplcenter of an earthquake and, although the
percentages of shocks strong enough to cause property damage and to endanger life
appear high, these percentages will only hold for an area of not more than a few
hundred square miles within the state. This is especlally true of those severe
shocks of Intensities VIII=X which are of such violence as to endangerlife.

Periodicity

The years in which earthquakes have affected Arkansas, the number of shocks
felt in any one year, and the yearly interval between earthquakes, are shown in
Table 4.

Table 4. = Periodicity of earthquakes affecting Arkansas
from 1811 to 1831 inclusive

. Number of Number of years
Year earthquakes between quakes

0
32
22

2

*#1811-1813
#1843
#1865
;}867

1878
A1879
#1580
#1882
-1882
41883
;1883

1886
#1889

/1895
A1897
41898
#1903
#1905
#1908
#1909
;1911

1915
A1918
A1917
#1918
#1919
41921
A1922
A1023
#1924
A1925
;;925

1926
A1927
#1928
#1930

'_l
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Table 4, = Periodicity of carthquakes afrfeeting Arkansas
from 1211 to 1931 inclusive {cont.)

Number of Humber of ycars
Yeor eartigunlkes botween quakes
-1930 1 0
#1931 1 1
~1831 1 0

¥ Now Madrid earthquake of 1811 and Charleston ecarthgquakc of
1885 classcd as one carthquake coch,
# Earthquakes aifeeting northeast Arkansas.
~ Barthgquikes affecting Arkonsasg other than in the northecast part.

From o study of tho above table it will be noted that, since 1905, there has
been an apparcnt inercasc in the number of corthguakes affocting Arkansas ond o
shorter time interval separating them than in the interval betwsen 1811 and 1905,
This apparent inercasc is, at least in part, duc to the availability of scismo-
graph records in the Mississippi Valley rogion since 1909, Thus, in the 23-yecar
period from 180% to 1931 inclusive, since thoe installation of the first scismo-
graph in the Misslssippi Valley, 41 enrthguakes, an average of one earthquake
every 6.7 months or approxzimuabely two coarthquakes per yoar, have affocted Arkan-
sas as comparcd to 25 corthquakes during the ¢7-yoear peried frowm 1811 to 18508 in=-
clusive, an average of cne cvery 3.9 yoars,

The poriodicity of the earthquales which have affceted Arkansas is shown in
Plate IV. This chart has been compilled from data obtained Trom Plate I, In its
construction, it has beoen assumed that the limits of thoe cfifcet ol an earthguake
can be represented by o eirele, the contor oiff which is at the epiconter of tho
carthquaks, and the radius of whieh is cqual to the maximum distance ot whieh the
shock wns Folt. It is furbther assumed that an carthquake shoek is felt with equal
intensitics at cqual distances ia all dircetions from its epieonbor. Ry dividing
the radius inbto nin.: equal parts, sach part corrcsponding to an intensity on the
Rossi=Forcl sealc, n intensity ot any point on the radius may be cstimated.

Thus, for the FNew kadrid errthquake of 1811, Plate II indicntes that its intensity
ranged from X in northenst Arkansas to IV in oxbreme scoubthwnmst Arlkansas. It is
belicved that only that part of tho chart which shows carthquakes betweon 1909 and
1931 merits sbudy in considering the poeriodicity of carthguakes, bocause scismo-
graph records arc available only for thet time interval.

Cause

The conter of corthquake disturbances of the control Mississippl Valley ro-
gion is at the hewd of the Mississippi ombayment. This cmboymont is o plain of
Cretneoous, Tortiary, and Juaternory beds, woich ls baown ag the Gull Coastal
Plain. This plain ortonds northwerd fron the Gulf of }Mexico as o norrowing belt
to the mouth of Chio RKiver, and forms the soubthern ~nd southesshern half of Ark-
ansas, On voth sides of this plain are rocks of Paleczoie age which, in the
centor of the carthquake nwroa, form th: floor of the depression in which the Cre-

accous, Torblary, and quateranry roeks of the Gulf Coastal Plain were doposited,
The Poleozole rocks ars consolidoted sandstones, limcstones, and shales, wherceas
the Tertiary formation is mestly uncemsolilated san?s, cl-ys, ond marls. Con=
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cerning the causc of the New Madrid carthquake, Fuller 6/ says "..eslt scoms
olear that the ultimnte causc lies in forocus operating beneath the embayment dee-
posits. Tho action may be associnted either with the procossces of folding or
warping incidenbt to a depression and deepening of the bagine.” The severity of
the New Madrid earthquake ncar its epicenter wis probably due largely to the fact
that the surlace dcposits consist of a thick serics of unconsolidnted, watere
saturated Tertiary and Quatornary sands, clays, and morls, which, under the shock
of the strong carthquako, were much nore violently agitated than the firmly
cemented Palcozoie rocks bordering the embayment.

The same forees which cnused the New Modrid corthquake probably are acting
today to causc the earthquakes in northeast Arkansas. Some of the local shocks
in limcstone regions mny be due to the slump of overlying material into solution

cavitices,

Conec lugions

From thc foregoing dat~, it is to bo concluded that northeast Arkansas has
suffered the majority of earthquake shocks of sufficient intensity to cndanger
life and damage property, and thatthis part of the staote will continue to be
shaken by earthquakes of varying degrees of intensity every six months to one
year. There may be small shocks in other sections of the stnte but at consider-
ably groeater intcrvals than in the north cast part. The fact that thero are
frequent small shocks of low intensity in northe.st Arikansas probably mcans
that, as stresses build up in the Paleozoic bascment rocks, they are released by
small movements. If Ghis is the easc, as long a8 thesc small periodic rcoleases
continue, it scoms probably that the stresses will not bhe able to build up to the
point where sudden fracture will produce an carthqualke comparable in severity to

the New Mndrid enrthquake.

6/ Fuller, M. T., Op. cit., p. 105.
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MAP OF EARTHQUAKE FEATURES OF THE NEW MADRID DISTRICT
After M. L. Fuller in his report on "The New Madrid Earthqualte,"
inited States Geological Survey Bulletin 494, 1912
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