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- Hendrix varnaby  / INTENSITY VALUES BY TIME PERIOD ) RS e |
: . ' - \ Kemp, f | Dl o, ; I
Each event is sequentially numbered and arr : d . © ! i | \L 1= Harris i ~Jom:
origin time. The numbering system i t:ﬂ an;ed according to date and Earthquake magnitude is a measure of earthquake size as determined from In 1979, St. Louis University (Stauder and others, 1979) modified the f \ i \\./ o “ & ) % A
g sy is compatible with the system used for the seismograph records. Th itud . : ; : " ? 1 e formulas GENERAL NOTES % 2 ] 1897-1961 LS L
Earthquake Map of Oklahoma (Lawson and others, 1979) and subsequent taking th P 1 it '(b e magnitude of a local earthquake is determined by for m3Hz. This modification was used by the Oklahoma Geological Survey Li)bertyl 1078 197771993 K Zﬁ Goodlak
e i e logarithm s . E . . €
additions (Lawson and Luza, 1980-90, 199‘;}/94; Lawson and others, 1991, the airiva.l ogf a seism;i::)tdthemlualrg”tlground e !'ecorded‘durmg (?iGS)tObser;atory b'egmmng ?Ianuary 1 1862 The modified formulss had tie Focal depths (the depth ) \-!1 SETURRIE Iy Yt Iathumadtally . I "
1992). Changes to the original catalog include the following: 1) addition of distance to the epicent )’P‘]"'l applying a Btandaxd correction for advantage of extending thf distance range for measurement of m3Hz out to kilomet. p) ° depth to the earthquake hypocenter measu in OKLAHOMA EARTHQUAKE HISTORY \ / !Ocate'd s [y e i PEE RIS i A /\ )\‘\
events 1a and 1b; 2) relocation of event 15 from south of Hugo, Oklahoma, to the amlitud ffh n a::h Wakhen the magnitude value is increased one unit, 400 km, but also had the disadvantage of increasing m3Hz by about 0.12 units foeal Z e:‘:}] are no:‘:hown in the catalog. For most Oklahoma earthquakes the - intensity values, IV or less
3 ) ) am e O e e. 1 s . . N . ca. e I
northeast Texas; 3) deletion of non-earthquake event 48, near Edmond different scales used to qu rteWaves. increases 10 tunes.‘ There are several compared to the previous formula. Their formulas were given in terms of several furn leu:h own. In almost all Oklahoma events, the stations are More than 930,000 earthquakes occur throughout the world each Mis i. Thi h s ‘
Oklahoma (Lawson, 1984); 4) deletion of event 56 due to lack of (Nuttli), m3Hz (Nuttli report magnitude. Three magnitude scales, mbLg log(A) but were restricted to wave periods of 0.2-0.5 sec. In order to use This mak es farther from the epicenter than the likely depth of the event. year (Tarbuck and Lutgens, 1990). Approximately 95 ;. te maxthquake prodvcsd. MM-VILL Tatensity etibels vear located from historical a t fi i i i '“
documentation; and 5) changed event 70 to a non-felt earthquake cataJO; ,o:ln ;hn: I(nal;)t El))’ :n - MD? }; (La:lv s o l}l)SEd in the earthquake log(A/T), we assumed a period of 0.35 sec in converting the formulas for our theshmypoceesntthe l:l)ca:;:ml: indetermiinate st depth; Whih wenallymegquires that earthquakes have a magnitlide of <.2 5 ppd leall Y o Off these Fort Gibson, Oklahoma (Cherokee Advocate, October 27, 1882; the State. The epicent cf(;un: or I‘O.trrilsels;ln Ggreph stations sntside earthquakes from quarry blasts. However, the location of earth Earthquake intensity IV or less O . .
- ! this . Each magnitude scale was established to accommodate use. The resulting equations are: er dep e restrained to an arbitrary 5 km fc rpo .9 and usually are not felt b Indian-Pion ’ 4 epicentral locations within this time period may va : . X -
bThe date and time are T — spe?;flg l;:tnte;'m. such as the distance from the epicenter, as well as the (egicenter 10-100 km from a seismograph) :ﬁmp“t‘gillatlmde longitude, and origin time. All aleﬂable evx:;:nl;: mdxs::t:: ' humans. Only 20 earthquakes, on average, exceed a magnitude 7?), report infor::til:ip::i f '11672' d(iz;rlsoI§ (15164)freevaguat8d the felt- as much as 50 km from the location shown on the mal;,e ey gl:ztk s (ti.e pem(ile.ad etx.ther on f;nd;lng felt reports and (or) having clear
. ; e vers availability of certain seismic dat. at no Oklahoma h h . . elocate e epicenter from is, T : -motion directions an orizontal- litud
Time, formerly Gresuwich Mean Tirue, The fi 0! y ismic data. 3Hz = ypocenters have occurred deeper than 15-20 each year. An earthquake that d . |Y aris, Texas, to In late 1961, th i p . 1zontal-amplitude measurements
) s irst two digits refer to the hour m3Hz = log(A/T) - 1.46 + 0.88 log(A) per than km. £ quake that exceeds a magnitude 7.0 is con- southeastern Oklah H imi ’ nia , the first two seismograph stations were installed in de fi ismi E i i
on a 24-hour clock. The next two digits refer to the min ini (epi ‘ sidered to b j h : ern Oklahoma. However, the limited number of felt reports (o) . 1 made from the seismic records. The earthquake locations within thi arthquake intensity V or Vi
n.& ute, and the remaining Otto Nuttlis (1973 b ) ) epicenter 100-200 km from a seismograph) s £ e a major earthquake and serious damage could result . klahoma. One was located in the Wichita Mountains b, . . . ithin this
digits are the seconds. To convert to local Ce 1T 8 ) earthquake magnitude, mbLg, for seismograph stations ources for earthquake data used to develop the earth : X g esult. in Oklahoma and nearby states makes the locati ind i : ountains by the United time period, 1973-1976 h i
1 ntral Standard Time, subtract 6 located bet ak P m3Hz = log(A/T) - 1.82 + 1.06 log(A) foll p the earthquake catalog are as Earthquakes tend to occur in belt e location indeterminate. States Air F d th : . ? » are shown in blue. For both the green and
hours. ; a etween 55.6 and 445 km from the epicenter, is derived from the . . y slows: n s or zones. For example, narrow The earliest documented th ke i T S D, e other was built near Leonard, station TUL blue col ded dat i -
following equation: tepicenter 200-400 km Froma seismograph) Docekal, Jerry (1970): event CIMARRON [ & belts of earthquake epicente .. . L. earthquake in Oklahoma occurred near by J ; : ) ) color-coded data, the location accuracy may vary as much
: ) - numbe T q picenters coincide with ersey Production Rese : < . Ty as .
“The Modified Mercalli Intensity scale describe mbLg = log(A/T) - 1.09 + 0.90 log(A) m3Hz = log(A/T) - 2.35 + 1.29 log(A). 49-52, 55, and 57-50 rs 18, 1b, 4,7, 9-14, 17-21, 3643, 45-47, ARCH=({ ANADARKO | SHELF & plates separate, such as in the mid-Atlantic ansc::;l; m-ifg eSOWhGre '{Sg;rson’ Grant County; ont Depember 2; 1857 (Stover and. athers, 1365 Flf;m 1965 to 1978 '?‘{Jcil, Sompany t:;ush 'I?}I:e r%tefi e 20 km from the location shown on the map. Farihquake intensity Vil or greater * * *
ensity scale describes an earthquake's effect Wh ; . p i ’ ’ 3 acific Oceans. A : 3 as opera e Universit, : .
structures built by humans, changes to the Earth's su rfaceq and fel: r:p: nt: epi:mtse“n:ff?m; ;fat:;ns are located between 445 and 3,360 km from the The MDUR magnitude scale was developed by La ore 5 g:lljsog;us( 11&;}984); event number 1a. = Earthquakes also occur where plates collide and/or slide past each Cu h) Th.e m]a;:t Old?t klllgg;)n Olfll‘il:loma earthquake happened near Oklahoma. In 1978, it was transferrecﬁo the O);dahoma Geol g): Of 1 Inte1976’ . przgram Wi DEEPS ta SErll SeVen FemNpeEmianant, Number beside i
Intensity values, which range from I to XII, are d . = ] - enter, m| is defined as: : : eloped by Lawson or earthquakes B : event numbers 5, 6, 11, 18, 19, 23-25, 28-3 th Alth . . shing 1n December . is event was followed by t . ogica. volunteer-operated seismograph stations d th di umber bosida intansity symitiol refers *x N i i
) : etermined from eyewitness b in Oklahoma and adjacent areas. It is defined as: 55 , 6, 11, 18, 19, 23-25, 28-35, 38, 46, 47, 51- : other. ough most earthquakes originate at plate b dari " . . y two Survey. The short-period seis hs at th : o . . an ree radio-telemetry to event number in earthquaki o record of earthquakes with these in-
reports and field investigations. Mercalli's origi : mbLg = log(A/T) - 3.10 + 1.66 log(A), : elined as: : CHEROKEE . p oundaries, a additional earthquakes in the same area in April 1901 p mographs at these stations utilized stations in Oklahoma with rt fi saniqakecaiog tensity values during selected ti iod
. ginal scale was modified by h z : MDUR = 1.86 log(DUR Oklah . . small percentage occur with lat Th 1 €8 NPl (VVells, 1975)- bands, b 3 : e rom the U.S. Nuclear Regu]ato 9 e s
Wood and Neumann (1931) to ada : o h g A where A is the maximum center-to-peak vertical- d-moti i = 1.86 log( ) - 149, ahoma Geological Survey publications: t In plates. e New Madrid earthquakes The 1 passbands, between 0.5 to 1.5 hertz, which provide d ds fi 1ssi s i y
; pt to construction conditions in California. ; ground-matiin auplisude where DUR is th ; : X : : event numbers 70-1017. q e largest known Oklahoma earthquake occurred nea ; ’ P good records for Commission (Luza, 1978). These additional sei i
sustained for three or more cycles of Lg waves (short period surface waves arrival ti is d ehdur.atxon or difference, in seconds, between the Pg-wave Tryggvason, Eysteinn (1964): event numbers 5, 6, 16-18, 20-35, 37-41, 43, 45- PLATFOR of 1811-12 are examples of large and destructive intraplate on April 9, 1952. This earth k ? 1 r El Be distant earthquakes. Although the location and detection of small have tremendo l, i d selsfnograph statlt?ns Semi i i ive: i
Modified Mercalli (MM) Earthquake-Intensity Scale (abridged): ;ravelmg s Hhie wpper pst, Tohsbly squivalent 1 Sg waves), hase 1 Hi i i m:le and the ;,:nz th;e ;'mal cods smplitude decreases fo bwios the w 1‘117’ :955, 60-69. ) _ earthquakes in the United States M ; quake was felt in Austin, Texas, as well local earthquakes were greatly improved by the presence of th : usly improved earthquake detection and location * emipermanent field station, active; includes station abbreviation
: ; s ; . ackground-noise am s i : ,L.L. : . : es Moines, ~ . ese 1 3
I Not felt except by a very few under especially favorable requency, measured in nanometers; T is the period of Lg waves measured in pockground-nol p hl ude. Before 1981, if the Pn wave was the first arrival, Ue‘ s (1975): event numbers 1-3. The New Madrid earthquakes of 1811 and 1812 owa, and covered a felt area of ~362,000 km2 (Kalb, two sbations. the records from soi h . € accuracy in the State of Oklahoma as well as in the adjacent states.
clrormataTcr. ssssnds sl A S the praat-drele dstance from eptoenter torstation messured terval between the earthquake-origin time and the decrease of the coda nited States Earthquakes—annual publications: event numbers 7, 14, 17 liest hi . Al are probably the 1964; Docekal, 1970; von Hake, 1976). From 1897 through 1993 i . . selsmographs with short-period From 1977-1993, 888 earthquakes were detected and located i . :
II Felt only by a few persons at rest, especially on upper fl f in Kilometers. 30 twice the background-noise amplitude was measured instead. Beginning 18, 20-27, 32, 34-47, 49-52, 55, 57-59, 72-76 v TRt %ar iest historical earthquake tremors felt in Oklahoma (Arkansas 1,015 earthquakes have been located in Oklahoma & ’ passbands are of little use in recording small local earthquakes. For Oklahoma. These data, shown in red, h locati ne ocated 1 A Radio telemetry field station; includes station abbreviation
. S oors o < 0w A . ’ i 1 : : . o : . : . ave
Budldiings,. Suspeadsd phisstsamasasing. anu;xy;; 1982, the interval from the beginning of the P wave (whether it Zollweg, James (1974): event numbers 71, 73-87, 89. L erritory) by residents in southeastern Oklahoma settlements. An The earthquake intensity data are grouped into four ti iod this time period, 19621972, the earthquakes are shown in green. In nay vary as-much ae 5 ko e o
I Fel guibs noticssbly Indaons, ESpwechilally on upper floors of Hor eartluaks splsoters losased 11-92 ko fiors & nelavograph station was Pg, P*, or Pn) to the decrease of the coda to twice the background-noise earthquake, which occurred on October 22, 1882, was reported felt intervals. The first tim iod, 1882 to 1 pe il 1973, the TUL began to record selected high-frequency seismi y vary ch as 5 km from the location shown on the map.
buildings. Automobiles may rock slightly. Otto Nuttli developed the m3Hz magnitude scale (Zollweg, 1974) This il over northeastern Texas, Oklahoma Arkans,as Kapo d in which. Il carthaial ° Perg 4 0 1961, represents an interval responses at increased magnifications. This greatly in : d v Cahoa, GampiysiEal ChEaVAITY
s . . . . . g . S 1} 2 . . »
IV During the day felt indoors by many, outdoors by few. At night magnitude is derived from the following expression: ) s nsas, an all earthquakes in Oklahoma (shown in yellow) either were capability to detect small earthquakes f;d ty ;.rea.se ' Ol:;
some awakened. Dishes, doors, windows dist m3Hz = log(A/T) - 1.63 + 0.87 1 o 1scrimina
urbed. B3 s og(A),
Automobiles rocked noticeably where A is the maximum center-to-peak i i
A peak vertical-ground-motion amplitude
V Felt by nearly everyone, many awakened. Some dishes, sustame:ii for three or more cycles of Lg waves, near 3 Hz in frequency Carlson, S. M.. 1084, I tivati . REFERENCES CITED .
windows, etc., broken; unstable objects overturned. P measured in nanometers; T is the d of ! , 5. M., , Investigations of recent and historical seismicity i
] endulum 5 period of the Lg waves measured in K 2 . ; selsmicity in 1983, Oklahoma earthquak . .
oo sy s sacomle; B A8 e e ib-tticle distancsfvom cploentor fo station mmensumd i;‘;t Texas: University of Texas, Austin, unpublished M.A. thesis, AR AR quakes, 1982: Oklahoma Geology Notes, Lawson, J. E., Jr.; DuBois, R. L;; Foster, P. H.; and Luza, K. V., 1979, Survey Miscellaneous Field Studi I<- I;
VI Felt by all; many frightened and run outdoors. in kilometers. Cherokeep Ad te S 1984, Oklahoma earthquakes, 1983: Oklah G pathapake muup -Of Okdahoma (earthquakes shown through 1978): 1:1,000,000. * lidies op MEAESS, scals E MAP O F O
VII Everybody runs outdoors. Damage negligible in buildings of 1888, p o + 1888, Shake: Cherckes Nation, Friday, October 27, v.44,p. 32-42. T oma Geology Notes, La Oklal.;onllsa G;o o Supvey Map G Ty/mete 0,000, Tarbuck, E. J.; and Lutgens, F. K., 1990, The earth—
good design and construction. Shock noticed by person ivi Yerre, wson, J. E, Jr; Luza, K. V., and Moss, Dan, 1991, Oklah e earth—an introduction to
4 s dri ’ ) s oma
automobiles. y P ving MARIETTA BASIN Docekal; feﬁélg’;q’ Earthquakes of the stable interior, with emphasis v.45 1282’2061;18]30ma earthquakes, 1984: Oklahoma Geology Notes, earthquakes, 1990: Oklahoma Geology Notes, v. 5,1, p- 50-61. Txyggvphg:t:ial f‘,edtog Mf;:;il Ps‘1 bhsh.\ng Bas Sdluibug, Olin 51, E arth ua e S S VV I l l I l I I l
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