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EXPLANATION 
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Appl'dY1J"r,u/,dy h.cckd or 1,?/'erred. fur a!ld ball 
,1,17d,cals Olre,:-l-1017 o/ Yerhcol o:,ov,11vn1nl 
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Base from U.S. Ccologjc;al Survey 
"Suite of Montana" Map (1:500,000), 
Edition of 1966. 

,. " S::::S:::S:: H H , 

M.ap compil ed in 1976 
f auJ t tr aces from maps prepa n~d 
by .J. E, Han: .bon, }1. R. Nml ge, 
C. t\. . Wallac.E•, a 1,d J .- D, h;ells, 
C . S. (,;e,J l ogicaJ. Survey 

Fi.gur.c 1.--Index m;:ip of p;:irt of nor.thwcstern Montana (MissuuL1-Ke>l.lspt-'ll r·cgion), Hany faults th,,t breclk 
the ro c ks at the southc•rn ,:snd o f. the Flathea d Lake arr,a ar,e nu t sho wn for pL1rp ,> ses ol' elar i ty . 

TASU:: l.- - Instrumentally recorded eartliquake d,it.a J. n th,;, Mis .-;oula-Kalispell region, Mont.ana 

[R.ec,orils examined from 1872-1974. Da t a from united States Earthquakes, U.S. Dept. Commerce, National Oceanic and 
Atmospheric Administration, E:1vironmental Data Service, National Geophysical and Solar-Terrestr i al Data Center. 
Epicenters are located by CoU--ity (F- Flathead, L-Lake, LC-Lewis and Clark, M- Misscula, P-Powell, and S-Sander~J; 
by township and range, {U) area unsurveyed; and by latitude and longtitL.1de (to the nearest minllte). -, not men
tioned; ~, not available l 
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IN\nnbers locate "picenters and are keyed to figuro l. Those numbers followed by+ ind.icatte that more tha'l one cpi<ccnter 
is at that specific site. 

;,:Calculated depth of first rupture (hypocenterl. See t."xt for further ex_r;lanaticn. 
'Measures the size of an earthquake (on llle Hi chtcr sc;ale) as de t ermined by inst.rume,ntal data {See text ), t;l\ocks of 

masnitude 2 (M=2) arc barely felt by people; moio severe shocks such as M=5 g,enerally cause clcma9e to weak s tructures, and 
shocks rated M=7 and above are major destruccive earthquakes. 
· 4A measure of t he destru;tive effects of an earthquake . Roman numerals relate to the Mo<lifie.d M<:.rcalli intensity scaie, 
1956 vers ion {modified i'ro:m Rich<:er, 1958, p. Ll7). As use.a here it inUicates the r eported maxi.mum. 

IV Hanginy obje<ets swjng. Vibration like passing of heavy \:rucks, or ~ensation of a jolt like a heavy ball 
striking th<e walls. Standing mot.or cars rock. Windows, dishes, doors rattle,. Glaso;es clink. Crocki,cy 
c;lashes. In the upper range of IV wooden walls anU frame cn,ak. 

V Felt outdoors, di r ection estimated. Sleepers waken. Liquids distUL'bed, some spilleU. Small unstable, 
objects displaced or upset. Doors swing, closte, open. Shutter~, pictt1res move . PGndulu.m clocks stop, 
start, change rate. 

VI - .!"el t by all. Many fright,:,ned and run outdoors. :Persons walk unstea<l.i.ly. Windows, dishes, slas~ware 
broken. Krnckknacks, books, etc., off shelves. Pictures off walls. Furnit;~re moved CI overtunied. 
Weak plaster and masonry D cracked. In general, masonry D refers to "Buildi,igs with low standards 
of workmanship, poor mortar, or constructed of weak materials l i ke mud brick and rammed earth. weak 
horizontally." (Barosh, 1969, p. 72 . ) 

vrr- Difficult to starnL Noticed by drive.rs of motor cars. Hanging objects qujvcr. hirniturc broken. 
Damage to llldSOIJL'Y D, in"luding cracks. Weak chimneys broken at roof line. Fall of plaster, loose 
bricks, stones, tiles, cornices. Some cracks in masonry C. Tn general , masonry C refers to "Buildi ngs 
of ordinary workmanship, witl , mm:-tar of average quality. No extreme weakness, such as inadeqnate hand
ing of the corners, but neither deaignea nor r einforced to n,sist. lateral forces"(flarosh, 1969 , p . 72.) 
waves or, pond~; water turbid with mud. Small slido;,s and caving in a long sand or gravel bankR. Large 
bells ring. Concrete irrigation dit ches damag<>d. 

0D-damage; F-felt. 
"Hours, minutes, and seconds omitted. Al l til'le given in .Greenich Mean Time (GMT)• 
7sources of the "arthquake dat a . CGS-Coast and Geodetic Survey; ERb--Envirorunental Research LaLora torios, GS-u.s . 

Geoloqical survey, Denver, CO; NOS-Nationai O~ean Survey; USE-United states Earthquakes. 
8Data about earthquakes in t.he United States are puhlished annually in '"United States Earthquakes" by the. U.S. 

Department of Crnt\.'\\erce. Page referei\ces are to appro}'rite annual volume. 

TAliLE 2, - - ,;ar t hqLJukes .tel t, but not instrurr.ontully recorded _; n t!;o 
Nissoul«-Kal isp"ll ,e0'io11, Hont,ma 

[Earthquake sources beJ.i.eved to be in or near the region . Data fr<:>m 
various sources iwol uding the fol.lowing: Uni t ed States Eart hquakes; 
and R. G. Schmidt, U.S. Gcoioq ,c;al Survey, w,c.i.tten commun., 1973; 
-- , not. mentioned; *, not availabl"] 
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(Page) 

Flathead Lc,k<0 (W. s:~ore) -- 1901 ' Roll.i.ns- ----- ---- --------- 1933 2 
~'reston------------------ - 1934 12 
Ro llins------------------- 19J5 3 
Cr eston----------- - -------- 1935 4 

Polson---- - ------- --------
He lm·i l le-- --------------
Kali >ape 11 - - - - ----- -- ---- -
Kalispcd.J ---------------- 
Kali spcJ l - --- -----·--- --- --

1')38 12 
l 'J4() 12 
1941 3 
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Kalispell------ ---------- - 1944 7 
Kali~pell--------- ----- --- 1946 1? 
Seel,iy Lake---- ----------- 1947 3 
some . s----- - ------··------- 1~47 4 
Ovando--------- -- --------- 1948 4 

Moiese - - - - -------- ---------
Kal ispe 11 --------- --------
Pol son -- - -··---- ---- - --- ---
Ni ar ada - ---------- --------
}!oiese--------- - --------- -

Sw,m i,ake-- ---··-- ----- -----
Swan Lake-- --------- - -----
Flathead La.k~ IE. ~horei · 
He lmviilc -- --------- - ---··
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Swan T,akc,---------·---- ----
Pwl~on------ ------- ---- ---
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Po 1 son--------··----------
Swan ~akc--- --------------
Big ?o t k-- - - - ---- ----- - ---
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Polson---------- ----- -----
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C' la c:~ea<l Lake> (Big Arm) --
Kali spC! l 1----------------
Helmvi l le------- ----------

Greenough----------------
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81g Arm-------------- -- - --
Proc tor-- - - --- ··-----------
Dayt.0:1- ---- - - - - ----- - --- - -

Big Arm--------- - ---------
!lig Ann----------- --------
Proctor------------------
Proctor-- ------ --- --------
Pol son---------------------

Pol ~on----- - - - - - ----- - --- 
Pol son----------- ------- --
Dayton-------------- - ----
Polson- - ---- - ---------- - -
Dayton ··----- - - ---------- --

Kerr Dam-- -- ----- ---- --- --
Kerr Dam-----------------
Kerr Dam------------------
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' ' ~e.e rnot,io te 4, Table l for description ol t ype d.s,n ip, 
of dir f crinl', hit<'n~iti ~s. 

2Page, r.e f er<ences ace to ,ippropriat e annual vo Lwne, of 
1JHited State8 Earthquakes. 

TABLE 3.--Nmebcr of ea1:tliq•1akes ,Ce lt, 
b~t not r:ccoraed, at Polson, Montuna, 

April-December, 1971 

[,\l l e,nthquakcos were ; nte"sity IIIl] 

l1ontl1 

April-- - --·
Clay------- 
J une-- ---- 
July------
Auguot----
Se2tember-
Octol;,c,r---
NO\ ember--
o.,c.,mber---

llumbcL of TJr>.i.ted Stateos" 
ear•.J ,
quakes 

C 

s 

' 

Ea,: thquake,-; 
(page,) 

17-22 
17-22 
17-22 

17-22 
17 - 22 
1.7-2) 

17 - 22 
J 7-2) 

17 - 22 

--------·- ·--
1A measure of till:, destructive 

effe c ts of m. ceacthqua1<:e. RornaJJ 
numeralG rclo.te to th<e Modif.i.ed 
!-le:ccalli Int<"no i tv scale, 19S6 
""rs.1on. As used here it indi
cates the, reporte<l maximum. 

7Pa9e ref., rences are to a,>}'ro
l_)ria t <= annnal volume of United 
St ,ites EarthqHakc,s. 

DISCUSSI ON 

Thici ic; or:e o f a se r l~' S of environmenta l rnr;ps 
o[ a study a rP.a that over .L ies ?arts of f l a t hend, Lake, 
Mlc;snul n, and Powell Co~intLes , nor t hvH0 stern Monrnna. 
The area extends f r om BJ g Fork, in Lake Cou nt :,", 
on th e nor.th to l,von, in Powel l County, on thc> 

south, essential Jy as cJ •ttl i ned i n f i.gurc 1 . 'lhe 
environmen L: a 1 study was under t aken hv t r. e U. S. 
Geo .logical SurVl'Y ln respon s e t o 8 n•q ;wst f1·om 
the RegJonal Pl atFling Ass ociat i on o f Western Mon
tanal who be li.evc.d that t he data gat he red would be 
of significant use• t o county l .:md-uS t' p I anne.rs. 

Act:ive L inltc, 

Ear t h quakes are the r esult of onf.' b l o c k of 
the earth's c r ust mq,r:i ng past rrnothf.'r, somet imlc s 
viole ntly . The sha~i.ng of th2 earth during an 
earthqu a ke. may c aus q huild.i.ng s t o t opp l e 2nd 
s l i d 1:s to occ.ur, bu U the d irect c:rns1c o[ t h,c, 
earthq•.1akc, i s a s11dden rupture along a f:au l t. ·-·
t he. surfac.<c along whlch t:he c Tustal b l ocks h,:;vc: 
moved. Con~equcntl,/, et-ar th s c·i e ,1ti.st>1 a re ke,•n-

l y i 11terest<:d in fa~l cs, especially tho se t lrn t 
are cnnside r~,d active. 

Thf' Missuuh!-Ka ll :: pell region is c r i ss --c'rossed 
hy Lrn l t,:, hut not all of tlwm 0r<2 considered 
active (fig. 1). Many of t hese breaks first oc
curred hundreds o f -mi.lli.ons o f ye ;:ir s ago, a : ,d 
seemj ngly ther e. h ew been no movement a l ong t hc1:1 
fo e eons of tin1e . The se. faults a re dcrmar·t:, and 
thev ar e chieflv of g eo logi c. i nterest . But other 
f8ults are ;;.ctivc.; thscre is good geo Logi.c evidenc e 
that movement h8s oc cu -r red .s..long :chem r l'pented1v 
du·cing the r e cent geologic past, a:1d :cher e i.s 
every P.xpectation t hat then.' will be move1nt0 nt 
a l ong them agai n i n the future. Thes<e a re the 
f aults t h:~t ,~r,, of co ncern, and till' Lirp;.'.r ones 

are emphas ized on figure 1. 
'Iv.10 kinds of ac t iVE' faults are in an<l twaT 

Lhc, Big Fod,.-Avo11 c.ir·ea, normal fac.lts and strike
s l ip f m!lts. Th e se faults n.re dJstinptisht:d by 
t h e d:lTecticJn of :nov!'ment of the crusta l b 1 ocke-; 
1-.rbieh bound them , rnuc:i1 as illllstrated in fig n n.' 2. 

Sc i. smici t v 

Some parts of t he Uni.tecl Stntes artc more 
prone to earl"bqua ke•s tban others. This is shown 
on various seJsmlc maps. One such map is bas(,-d 
0 .1 th<c severitv uf gLound .c;hald.ng c1nd t'ca,;onabl l' 
expect«1;c:y of eartbqnnkc. d.:ima.gc (Algermiasen, 
1969 / . On tliis map th<' Unit,,d St;:it e i; i!-1 Jivided 
in t o fottr seismi c r i 'sk :,:ones ranging from Zoue 0 
--areas vhccre t hc:,re lis no .reasonable expect;rncy 

o f carthqnakc drnnngc, to Zone 3--<1reas where 
major de~tructive ear thquakes may occur. Nor t h
west Montana fa lls within Zone- 2--an ,n:ea vulner
a ble co moderate eartliqtmke d,'lmasc! . 

Rt,cently a new n->port },as be.en prc:,p~1tecl 
(A1gcrmissen and Perldns, 19 711 ) . Rather than 
stressing t he damage' to be expecte d during future 
car t!H[uakcs, this repor t is primariJ.y dcsi.gned to 
act as a guide to e n gin<eers i n the plirnning of 
earthquake-resistant structures. I t cJ. t tempt s to 
answer tl1e que.,, tion: 1 How strong d o y,,u have tu 
make a build ing in order to have ab out one c han c e 

:in 500 that it wl.ll. ,fall down ln any g i.v c>. n y12ar? 7 

SeismJc t e.rniinoh.>gy_. - -Ihe for e. cs vithin the 
(',1 r t h's cn1st that cire. 11J.t imah•ly responsible L :r 
earthqua ke s gre relieved to some f:Xt f'nt b v spo·
radic movement along well-know11 estah l i. s :1 ed fault·s. 
It seems c.lca.r that ther.e comes a Llm2 when the 
eumu l c1tive forces overcumc t h e fri<.ti,nl c ,1 the 

f au lt plan(• (a.long wh ich tlw two i:-.rust2:l blocks 
,1 TC in conta ,;t ) and at thi.s precist' mument t he 

cn1sta l block s move p;1st 011e flnothcr en d a n earth

quake:, resultc: . • This f irst break js ,a line bur f:or 
purp ,ises of 'c'Xp l an a t i. 011 i.t can be c.o ns i dt! r e d as a 
po int. It :: .. ,, fTom this initial p ,J.i.n t of rnpture 

t hal Lhe aei.smi.c wavt's of Llie. ear th<juak"' s p rlc' sd 
out, and this poi.nL· :is known /JS U: f' h)]\urent.cr 
( o r fo cus) of ~he eart.h<;uakc (fig. 3). Th e point 
on lhc. eart·h's surface directly above. Uw hypoc e n
ter i s called the c:p icent:cr, and the dis t ance be
tween the tv, o ls che depth ol t:h e eart h ([t1ake . 

Se.Lsmugrcc ph stat i ons spaced srr ,un d th e \vor ld 
locat0 tt·c h;.,poc.enten; by tria n gulntion methods 
( bac;ed uy.o n curi.va.l t.i.me o 01· t he .se i ,:,mi c 1-mves). 
In 2reas tbat contain rn,my seismograph stations, 
hurizontal. locatioc1s of the hypocenters a re pn'
cis e, u s ually de t erruj_ned to wi thin h.i lf H mi.!t: 
(0.8 km). (A dense s eitirnograph n et· also perm.its 
precise dep t l:1 det e rmi nation s. J But commonly tbc. 
se.Lsmogrc~ph net is not dense enough to permit such 
precist> local.ionic'. <Jf Lhe h ypo c en Lers. 
most hypocenters are located as ::lose 
to the origin point, gt>nerally wi t bin 

Conseq u ently, 
as possih1e 
15 m.i (24 km) 

lt.lvH·AN6L[ NO!i?/'fAL FAULT 

of thei r true l ocation. The' loca t ion c,~ a hyp occ n-
ter (normally expressed in the news media as an 
2picentcr) bconeath a town , then, docs not neces
sari l y mean that the ear t hqua ke di.d i r.dced occur 
di r er-;tJy bc:,neath thE• cown. Lf the seismologi cal 

records CY.tend far enough back in tirn{', a V(' r y 
Jefi nitc:, c lus t ering of epicp ntc.rs appears, much as 

s 110\.;:n i n fig u re l. 
All t]1(' earthq u akes shown on figtLTe l were 

mod erat e. eartliqua kes; they were felt Uy Joca.l resi
d ent s , and were de t ected by B worldwide ne t work of 
se Ls,,;ograph stations . M.:-1ny s1r.c1.ll earth q u akes 
(cl;cisscd a s mic:roearLhquak es) also shakc the Flat.
head Lake a r c.i; these are detectab l e only hy c:x
cre111ely sens i tive seisrnograp tw. Nost c,f these 
mi crc,e ar thqunkcs arc so small tha t the.y 2re no t 
f e.l t by the inhabitants, Recent work in -t"tle F lat
head Lake ar c>. u (Stevinson, 19 76) suggests that the 
eplcentf·r s o f these mi croearthquake3 f orw two clus 
t2r s : a sms1"L l one north of Big Arm (on F l athead 
Lake), and n somewhat hirgt>r one south o f Je t te 

Taake ( fig. 1 ) . 

Ma gnitu:le.-- As one. migh t expect the " big" 
ear t hqu.&kes cii. ffcr· i. n .size; some are ve r y l arge 
.J.nd a r e feJ t over thousands of square nd .I.es, others 
nrec quite sma.11 ao<l a r e felt by only a f<:,w p e ople 
i n tile epicen t ra l c1r e,1. The size o f an earthqLt.ikc! 
i s described in terms of mc.12,~1it L1d_':' (M), which is a 
nie,1.sure o :!: t he a:nount of energy n,lease<l. Co1r,rnonly 
mngnit udc i s referreJ to in the newspapc'rS =, for 
e xample, ";ibout n1<1gn.i.t.;de q.2 on the Richter - scale ," 

C. F . !Uc.li ter being the s e iRn10logist who devi sed tl; e 
open-ended magnitude. sr.alc. 1 n generai, earthqltak es 
of magnit11dc 7 and above are c.unsiderPd major P.-'lr t h
quakes , and- are characteri z ed by severe ground 

bre.ikage and property dc1m,cige . 3 

No major earthqunkes have occur red in historic 
limP. in the Missoula-Kalispc.11 region, and the 
prob0bility uf one occ lt~ring in Seismic Risk Zc,nc 
2 during the nex t 50 years s e cmcJ remote . An ear:=h
q11okc o f magnitude 5 . 5 h n s hee.n liRted by A"lgermis 
scn and Perkins (1976, table ! ) as the maximum nrng
tude earthquak e in t he se:i sm:i c source area 1vi thin 
wh i1:h the ·~iis sou.la-KaJ i.spel.l n,gion falls. 

I nt ens i t.v. --Ear thquake-Jnduc e<l damag e d if£ l'rs ·- --~ 
markedly from pl.Hee tu plac,e. Near the epicenter 
the damc:ge may be extensiv e, f 2rthc,r .-,way it m.:iy 
b e .less, '.ind at a c.ons i d{'rabJ c• distance, .i 1: may 
tJC ·virLually ni.l. The• s eve r it y of an t>arthquake 
at :1 specific sp nt :i.s knuwn :1s intensity. cin d it 
ls ,~xpressed by Ronwn numeca] s -(IiT-;--v). -- In con
t ras t t o t '. w opcn- r!11dcd magn itude sca1e, the 
ir.temlity s e:al 8 n1nge s from I to XII; intensity 
XII i n dicates that the d :,mage is total. Dc: scrip., 
tiowa of t he typ2 damage expect2ble ;it differi.ng 
intens:it ies h ave b1cen l'stabllshed; descri ptions 
[o r t h<--' inn•ns i ties noted i n t he Nissoul;J-K:.lispe1.l 
region arc. given in the explarw~iun to t.3blc. l. 

Dcpth .--Tab le l l11dlcales that 1112ny of t he 
-; st ».ct"-;;-r thquakes seemingly o ccur a t the sanw. 

dc:p th --som1, 21 ml (33 km) bed.ow the ecir tl1 1 ,c: 
sur-Far.f'. 'L'lic sc. dat ,'l do not ncce.;sc1rily mean. that 
these e.,:i.rthquakes did indet,d o r igina 1: e a t that 

deptb. 'Whenever the shock wave v elocities 
(received by the sei.smological .-; t ations) are too 
poorly 1<.no1v11 to permit a c orre.-:t d e Lerminat i. on 
0 1· d ,•pth , the compu t er, which p rocet:se.s the dat a , 

ls programme d to recognize this inadequa cy, ;:i nd 
it then autc,matically assign s a depth of 2J mi 
(33 km) to th t> e arthquake. Why this dc.pth? 
Because it rep resents t h e gen er:'l.1 .l ev2l at wh.Lch 
B fundarn(cntal. change o ccu-rs i.n tl1c earth's in l er
i or . lt is a t about t hts depth that. tJ-,e c:rrn; t of 
tlw earth in nurthwes te.n1 Ho r1La na g i. v,0 s wc1y to 

the n ~' Yt deeper l ayer--th e mci.ntlt>. 
A more re a listic depth f o r man y o f the. listed 

earthquakes (t;:il,.l.tc 1) :i.H aboul 3 mi (5 l:m) ; most 
seemi.ngly stem from shallow movemer1 t 011 one or 
a nother o f th e thH!l.' £au] t,; that are nE'a r F.1 c1thcad 
Lake--the es s twurd-trending Blg Draw (strike - s l ip) 
fc.u.lt, the north-tnmd.Lng high-angle Mission 
(norm,:ol) fau.1.t e as t of the L1k0, and anotlw.r 
north-trendJ.ng nor'.!1al £,,u l t west o f t he lake tliar. 
is, as yet, un named (f i. g. l) . 

Seismic interpreta t_ion, .--During the llrst h8 l f 
of tht-• 2Uth century a series of fJ mal.l t o mod e rate 
,; artbquakes s hook the. C:P'ci near Flc1thead Lake. 
Some of these earthquak<c,s clppn1·cnt.ly were s o smal l 
(or the scisrnoi:;r a ph net so inr;omplete) t hat they 
were not recorded instrumentally, and lit t le is 
known about Lhem (Uiblc' 2). Other corupc1rab l y 
sL,cd earthquakes Jn the F1rithead Lake a rea were 
recorded instrumeota.lly (tah .le 1). This seismic 
activi1.y ,,uggesLs st r ongl y that there has been 
cepeated wovcmcn t along one oc mot· c: of the t hree 
faults ne..:cr the ] akc during histo r :ic. t i me. The 
seicimic records indicate that earthq uake activity 

1 
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l' i gur f: 2 .--lllock. rHagn1ms i ll ustl·ating normal an<l strlke-.~Jip fault,;. !::_, A_ , _!iorma .l ..i_au.l!_.--The crustal blocks move 
ver ti<.:ullv re.l.at .i.ve to one c1nuthcr. 
JJ , E, Strike-slip faulL--The cr.ust.o.l blocks move hor:hon t ally ndat i ve to cm<'. anothcc. When standing on one 

crustal hlo ck. an<l loo"ki.ng across th <= f,w)i: at the other block, the Iault is r:ig!1t-la t eral if the oµpos lte bloLk 
h,w move,d to t he r ight. AtHl <.eonversely, it i s ieft -1 ateral if the opposile block has moved t,, che leit . In Llie 
Kalinpe11-}1is ,;oul;a_ region , a l i. known s t rike-slip faults r.1:e r .i.ght -.lateral . 

On geo l og ic. maps (C, f') normal faul ts are commonly ld<cntiiied by a bar and ba.LJ un the thick line Lhnt show.s 
t h<.e tn1ce of ~he fau.l.t . The bar an d ba ll rest on the blco<'k which i s Jown thrown n,.lative to t he ,ether b l ock. 

N 

(Anoth"r symbol in LOmmon 11.~e i s "U/D"; U for the relntiv cly up t hrown IJ l o<'k, nnd D f or the do,,mthrown one.) SLrikc
sl.ip faults ne e i.dentifi<'.d by paired arrow;;, Lhe arrows i ndic c1.t i ng the rela tive horlzontaJ. d i rection of mDvtms>nt 
of the cn1stnl blocks. 

Letten; i.de.nt.ify rock £onll!lt i ons. 

/PICE/VTEk! 

/':411/1 

---liYPOCL'IVTE.e 
(AJ.-Jo calkd"/ocus"), /irsr 

/u,PILJre a/or;g The TQu/1; /.-7 

e.=ence, T~e cen;le,,. or .an 
"'ar/h,p/ake, 

--------------" 

figt1n' 'J.--Seismic H'ril~!c~ !_o32:. ,\ diagr.uuruatic: section through U,,-, ~c,rt:h'8 
CTlJSt shcwir.,; a high-an~lce nornal I au l t . The point oI [1rnt rnpturc 
along the. fault: i,; 1 he h,•poc·cnt e. ;· nf the curthqu'1 kc'; seismic waves 
,-,,di,.[c in all. directions f rom this 1.,oillt. The, ~pol. on ·u,e eac t i1's 
s url.,,·ce diJe <: tly ubovc the hypoce,~ er is the epicenter, and the, distance 
be' tween the nan Lq t.he. dep t l1 <> f the' ,,ur t hqu,ikc:-· Il18trumentul d,,tu 
1'1,·,,tl' the hypocen t er in iuoS:t earlhguakes; _i_[ sud1 d,,ta uc~ r.o t avall
at, l ee, " v:>rtc'ty cf tcchi,iques are used tl' deterc,ine the hyp<Jcenter-- the 
CC" Ll tcr of tl,~ ielt ar~ ,;_, L''"' u,r1l~, u[ h.i~liesl !.uleHsJ.1.y, ur the ~utbce 
tr .1. <:0. <>[ a f au1t. 
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c ontirmed at a low level Ullt i..1 about 1968 at which 
ti.me it increased rap j_J]y EJnd reach e d an unusually 
h igh p e ak in 1971 (Hg . 4 and tab]es l and 3). 
Sineec then the act i vi ty has died down. 

On e. r,ossilile expla -::i.ation for tliis .i.nc-rease.d 
a ct i vity may have been the c:onRt ru ct:Lon of K,,rr 
Dam (near Polson) and the r er;.ul tant increns2d 
c.npac i t y of Flrrthe~:d L c1.ke. This int e rpret a tion 
j_s based on ext e rnal fo r ces ( rt>servojr we i ght) 

(flg . 4). But it may very well be that t he 
seJismic acti·,ity is <lue to a change _i_n l o ternal 
forces; a change that mc1y :cilscJ be a t trib'c.1tab l e 
to rf'se r voir loading. One hypothe s i s, much 
f avore d hy somt> sei smologists, is that ground 
wat e r j n the pores and f ractures of the sedimen 
tary D<cds t h at unde rlie t he l ake. 'were put under 
incre;c;sed pressurt> a:.; a result of t ht> added 
depth of Plathe.ad !,ake . This increase d pore/ 
f r actur e pressure weakened the fa ul t. :c,or,cs, and 
so permitted the crustal blocks t,J move rG.p(~R.t 
edly, e ach muvc markc•J by 8 .small e c,rt.11,Luake. 

Each small d wnge Jn pure pressurt>, thl1S, acted 

as a tr i gg,, r mec.h;:in] s rn re1easing some of the 
acc.umul.s te d stra in .. Tn th i s vje.w, then, the 
c1cc11mt1late.d si::rains ne, ,e.r became large enough 
t o caus e a 1arge e arthquake, and this .implies 
th::it thi.s highly seismic area ls the one l occ1l
i ty i,1 tl1e Missoula-Kali.spell region l east 

likely to undergo a St>vere jolt. If this line 
of reBso n ing i s fol.lowed, t hose seismic areas 
that have. l,ecn tree of shocks fo r, l on g spe.lls 
o.i: time: are the sites cf continued a ccumulated 
s t. ra l n that eve.ntuaJ 1y mus t be released , a nd 
which may reRult in largec e c.1rthquakes. It is 
impossib l.e, l·,owever, t ,, be certain t ha t a l l the 
accumulated strain has indeed been rele a s e d by 
Cbc small crnsta l mov ements. It may be that 
t he force s inv olved care so vast that o n l y a very 
minor part of them is diss i pated by the many 
small ;;hocks. 

Age o f the latl'st movem1~nt 

A matt.er o f keen intc,n,_!.Jt is when the .last 
ma ·jor wovement of the. crwJtal b l oc.ks in the Big 
Fork--Avon area occ:,irrc<l. Tl 1e g eologic evidence 
is spBrse and does 11ot. permi t a precise dPtermi
nation. Glad al deposj_ts th .st were f ormed about 
30,000 yc nrs ugo overlie some of tht> f aults . As 
the se. depos its are unbro ke n ii:: seems c..l e ar that 
t here hns heen no surfnce r.upture a.long the falll t c; 
d ur ing thf= past ·rn,ooo y ear8. 

Geolo gic hazard and risk 

Two terms, widely used by t hose :!.nv o lved in 
earth quake s tudies , or e "geologic· hazard" a nd 
"risk." As use d, t here is a fundamental di ffer 

enc e between them. An ac tive fault is F. geologic 
hazard; ri.sk, on the other hand, i 111pli{'S tile 
probnbil.ity ot' damage to property or the loss of 
life . A f au lt t llat breaks the strata in a barTen 
and dccse, t ed pI!rt o f tlw Snhara Oc sc,rt i .c: a geo
logic 1:, az11rd, bltt BS there arc no buildings or 
life nearby, the risk i.c: ni.l. I t h as been argued 

that geologi s ts must indicate and de l ineate tilCc' 
geologic liazards, but othen:; (land-use p l anners, 

co unty and 1-itate au t h or i.t i es) must dete.rmine what 
dep; ree, 0 1· r is k is acc<eptab .le fo r various uses o l' 

the land. 

Possible. damage 

If the c r ustal blocks ecven tual.ly do move vio
len t l y along one of the fall.lts in the Big Fork
Avon area, and a major earthquake (N=7 o r above) 
d oes occur, the expectable damage depends upon a 
varie ty o f fac t ors, among them the geologic char
~-1cter of t he ruck uni. ts . In geJ.eral, 1-itruc.tures 
built on bedrock will endure a mode rat·e or l arge 

earthriuake far be t t er than those built on surfi.
cial <leposil· s. 

Ground rup Lure. wJ.ll follow the Hpproximate 
trace of t l·,c re8c t ivgt_c d f.1nlt. Ground breakage 

wj 1 1 be modc:rate to severe for at leaRt a fe1,,• 
hundred feet on eal"h side of the fault, and the 
intensity o f shaking will be greatest near tlw 
fault bnt drop o ff ;iway from the fault. 

Overall, the duration of the shaking ( f or 

example, horiztlntal ground motion) will likely 
do the most damnge. b'e.l.l- c onstructcd wood
frame bui.Ldings o n bc<lrock will probably be 
cnly slightly damagcd--a f e v: cracks may 

appear in the plas t er, c1nd the unsupported 
pc\rt8 of m;isonry ch irnneyo may fall. By c on
trast, masonry ~itructures may be more severely 
d amaged dep enJing upon their design and qua l ity 
uf construction . Well-designed and we l l-built 
reinforced masonry buildings on bedro~·k v,1 j 1'1 bP 
only slightly cir at most moderately damaged; 

poorly designed and poorly c ons t rnrterl mnsonry 
buildings may co.llapse , especial]y jf they are 

on surfic Jal deposits. 

The lakes wil.l be t hrown int o pe riod i c os c i l
lations (cieiches); in general, the s i ze. and shape. 
of a lake and its dis tnnc:,e fro m the reactivated 
fault 1ifi.LL dete r mine the height of the wa ve of 
water t hat wi ll inundate th e sho r e . 

Many areas of unstable, wa ter-soa ked ground 

will s lump and slide. disrupting roads and lines 
of communicat ion; rockfa l l s wi l l be widesp re;id. 

Conc.1.usi.ons 

The geologic r e.cor<l indi cates thBt major 
<"ar thquakes have o ccu r r ed repeatFd .ly i n ti1e Big 

Fork-Avon a r ea; none, h owever , have shaken the 
area in the past 30,000 yeau-J . The seismic 
evidence soggests strongly that there ls a very 
J.ow probab i lity of such a n earthquake occurr i.ng 
during the next 50 years. Keve-r the less, it 
would seem that a conservative approach is per
h a ps th e safest course for a ny land-use. plnnn<cr: 
to consider a11 the kn o wn a nd suspec ted ,,r. t ive 

fanl ts (thick lines on fig u re 1) 88 geol o gic. 
haza rds that are po tentially dangt> rous , and to 
precpa~ e all l and-,1se. plar,s with this in mind. 
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lThe Regional Planning Acisociation of Western 
Montana, now di s banded, was an infoymal confedera
tion of nine coun ties in western Y!ontana. 

2The report d i v ides the Uni t ed Stat0s into 
Seismic Source Areas, and pro\,Jde s both the maxi
mum ubs e.cv t>d slze of the earthquakes occurring i n 
ec1ch source•. area, a,; we ll as an e s timate of the 
seicimicity o f each area. Th ese estimates h~ve 
been used t o p rep8re a "Prelimin;1ry map of hori
zon tal acceleration * * * i n rock with 90 pe rc<cnt 
probability o f no t bP.i.nz P.XCP.edc:rl in 'iO years.n 

This rnnp deals wi t l1 m;iximum ground shaking n.s n. 
resu.1 t of earthquakt>s Jn the contiguous United 
S t.itcs ; lmilt into it is the prob abiU.ty t ha t 
there i s only a l.O percent chance tha t tbe vaJ ucs 
shown on th e map will be exceeded d llring the next 
50 years. 

]Depth and .location of the hypocent.er are 
@ajor Ear.t ors in the degree of dam,,e;e. Th11s, 

an earthquake of magn i tude 6.5 at a d epth of 
about 3 rnl (5 km) dir ec tly beneath Managua, 
NiLctrclgua caused sevr,re d amage to t ha t c Lty. 

J%,I i7 :ti ;fJ ~ ~'/ Jo ?I '7z jj ;:¥ 

Y=r 

A. 

l<' igure 4.--D\,;; l Y Lb ul L"n c,[ .Ln~l rrn,.en Ully r <c~o rJed ce,lrlhgi,ak~s hy time, 
in tlie Flatl,ead l.ake area. 
1\ - -D.i.Gt· r j but ic•.i b..I....Z_C' c< cs of _ inst r'nmcnt ally recerded _ eart J->quak.es for 

~r.i.od 196 4 t o i974. Allhu,agh .sm;,J 1 ~urthqua k<e8 hn,·" shakc,n 
1/w Flat hc~d L,1kc area pr i,:, r to 196/l, in t hat cear t he t1umber of 
shocka in~rea 8ed ~harply, .rnd re,at'l,ed .rn u11us1c,, 11 l h l r,h ptcal< in 
1971 . Since tC.en activity has decl! <led. The c,lusterinis o[ th e 
epl,:en ters ,, f t i, e.~e .~hocks 1w,1r fL1 tbc1ld 1,1kc .~u!-';ges t d tlwt this 
heighte<led activit ) ma:· h<e reLl l e.d lu t hl> i 1H'r"·'"'ecl c,q,,><·i l y n i' 
l'l a~l, <cad L,,~Cc !lt, " r, ·~ul t cf the const ruc tion of Kerr Dam near 
t'o.l so11. The darn, cmup!el~.ci Lr. l918, r nis.ed tch ce l~v"l ot the luko 
10 I t, and in so d~in:f increas€·d the lake'u c' a)la<"it;y b·: ~ou1<• 
I ,218,9~0 ,l<"r<e-f c•cet . - · 

Acrc- foo i::- - the voluc,,e of wuter that ,.,.,jll c'O'itr 011ee a ,·re 1·0 a d"J'th 
oI un" fo ot. 1t i s o.mliv,ll cnt t" !l w~ i :c,hi:: of abou t l,'JCJ tons. 

'l h ~- ,,Y.tra •.,ej!-';ht ( ',bo '.11: 1.6 b ;i ll lun ton8) may hm!l' ups8 t the 
a us;t.al s tahi lity that pre,·,1 ll ed in th,- ;tr,•;i. s ,, .,,,r,,i t ~ct ,,rs 
/Jr' <: pnL~Lin;1: 1r t tw ,d ded wci,.;ht is responsible fo r the crustal 
nnr'P.sl, why ,,ere t l1er,, csniy o f,.,,,. sporadJc ~-scth~'1:1k,'s dn r i r,g the 
30-yea ,· pceri "d, 1.933 t " 1968? A11 <i ,,;hy t. l1 e ~udden spurt c,[ activi ty 
in l97 i? 

B.--Di8Lributio:1 by mont:h~ oi instrumental.I:: record~_,i e,an;11quah•8 f ,,r 
- th Z:- -pc r iod 19!1.5 to 19 7 1. The lake' is drawn do\..'ll du r ing the ;.•intc,r 

,md 1· hc-1 , rc•ii l l,•ri - .-lnr111g (·t ,, ~pd111'.· Hs ,,intc' r J.,v,,l is :!,88'3 ft, 
caL1d its spring-s unmer l evc,l iA 10 f l highe r- -2,393 ,· t . The t;rc,iter 
m11:.be r of ce,.r t bquakes durin~. Apri l :nay r eflect the adcl"d ·"•elgl,t oI 
t ;,e spring n ,nof[. This ,H' I i·>' i ly ~,· c·m.ing ly 1· ,·<Mln,s rnodcrdtcly high 
d,1 r l111: t·h,-, '-'"'"mer urnl , a rly f cLll. As the r eservoir level i ~ lo >Jered, 
t l,e earthqu.?.ke ,l<' l ;v ity dt~.s dP,,"1 mid rcmuins l ow during the l a te 
1· ,,11 ,md winter. 
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