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A Survey of the Amb ient Motion Environment
in the Southwestern United States

I ,  I~~TltOIfl~CTION

‘t he I er r es t r ial  Scien ces  l) iv ision  ot’ the  A i r  l’ot ’ce ( s’o p hv sics  l ,abcs ratorv

(A l”(;l , l has under taken  a sul ’vc ’ v of data tha t  have been collected on the ambient

motion environment  in t h e  sou t h w e s t e r n  I n i t ed  S ta t es , t h e  survey consists of an

e x a m i n a t i o n  of da ta , found in t h e  sc ient i f ic  l i t era ture , on nseasurensent s  of sd sin Ic

haL ’Li ~ I’ItUISI I noise . ot’ 711  j t i’oSt ’ 15711 s , in  areas of the  Southwest .  Ar eas tha t  were

i OIiS ide t ’ t ’ l fall w i t h i n  t h e  liasi t~ a o l  f ’ange physiograph i c  pre~ i 751 1’ and are located

in the s tates  of Ar izona , Ne v Il la . and New Mexico .

l ’oi’ the roost part , reported data on ats lh i t ’n t  mot ions  or mit’ roseisill ic I ntensi  —

t ies are based on n~easurement s  of ground veI~~i’i t v , s ince  the  inst runlent  5 normal  lv

u sed for the  177 easurements  a ~e vi’ l e c l t v  sensors , It is fe l t  tha t  (or the  purposes ,t

t h i s  report . :5 is~ore meaning ful  p r e sen t a t i on  of the  data wou ld  hi’ in te t’sll S of c 1 0077,1 ‘‘ e

I I S ç t I  ai t n ient s  and ground ac i e l e  ra t ions . t h e  t ’ef ore . uni t  ~‘onve rs 1( 571 of the  dat a n i t ’

iii s for is ia t  has been os a i l e  accor i l ing lv .

I li sp la c en t e n t  an t i  I c i ’e ic ’I ’a t io i s  spect ra  hav e  beets compiled fro t s i  i l I I i ’ t ’ ITS( ’ 1 5 7 7 1 1 1 ’ —‘

da t a  t a k e n  ft’ o tss severa l  ind ope n t i e t i t  s,ss~i’ci’s. I hest ’ data should onl y he s on s i t i e ret i  - 
-

i fi a S t I l I l l I S t  i i , psll(’ ikt Sta t l iT I I a? ’V  s e n s e , as t h e  samp led t u s h ’ ‘va lue  for h it’ best

l i 5 t  is i ’ i i lv  si ’vt ’i ’ al  7 7 , 571 1 iss • wh i l e  t .t lit ’t ’ i~h set ’vat i , st ss  are liIlli t t’ Ii I i ?  l s v s  i17’ ‘en

I I t ’nc e . d iu r n a l  t t s t i  se, s i la t ’  p ersodicit ie s  t i e  not nei ’essal’I  lv t ’onsidei ’eil .

‘ - I  ‘i p u h l i i a t i i s i s  29 l”ehrsiarv P178) 
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2 MICROSEISMS

2.1 Intsuductory Ke~ ime

Before considering the chit r a cter istic mic roseistuic a ct ivi ty of the A nier icuir i

Southwest. a br ief summary is offered as to the theoretical aspects and physical
nature of microseisms. The term ‘‘ mieroseis ms ’’ means small  elastic w a v e

motions in the solid crust of the earth. M icroseisms often go by other desi gna —

tions such as seisfliic noise . t’a r th / svtsn t ic  background , etc . Their  generation is
due to external influences pr imar i ly  from the attuospher e and the sea , and in general
have no relation to ‘a rthquakes . M i t’ roseisms ar t ’  ubiquitous, alwa  s present on

seis mic records to a vary ing  degree of i n t e n sit y .  Two opposing theories are  domi-

nant :45 to the origin of issicroseIsnss~ namely the c o a s t a l  theory,  which  explains

nlscr ost ’is nss originating from surf or shoreline at ’ ti v i t  , h i d  the t’yclonic theory

which ascribes the or igin  of mit ’ ros~’i sisis to eve ionic te t  iv I t ~ c lv i ’!’ deep w,ct e r . ‘l’here

exists sufficient evidence to the correctness of both theories.  ‘l’ttt’ ot’ser va t l o l l s  made’

it any one station ire seeming ly predicated on liii’ st at ion ’ s loe’.c t tc ul i’t ’ l i t t v t ’  to the

coa st; the more prox imat e  th e’ coast the illore effects notable to surf .cct iv  its - . l s i r—
ther inland the effec t s t)ee’tlflle more traceable to c’vclonic  deep w a t e r  ,II.’t I V  it .

The li terature on l i l icr oseisit la  peaked in the  n i id  — ,sixt ies  ,1S 8 c’onsequent ’t’ of

the government sponsored \ E l .A— UN II” ORM program.  — • Studies pr ior  to t his

period were substandard attr ibuted to the t i n f a t n i l u a r i t v  of invest igators  w it h  the

comp lexiti es of the sub j ect .

Microst’isms can hi’ t’onsii ier ett  ,cs the continuous state of unrest  with in  the

t’,si’t h’ s crust. Their ehai’at ’ter istics are a funct ion  of both t i m e  ant i  spa~’c’, and

simplistically can be ~i iv ided into frequency dependent branches • isa melv:
1) I ‘ong — period mi t ’ roseis ms — pe n o d s 10 seconds .

12) Storn s microseisms—periot is  from 2 — t O  seconds,
(3) Sho rt — pert - ‘ii nsic rose i sms — periods 2 seconds.

I’hus at u given sta tion there ’ is likel y to be present ii n i ix tu i ’ t ’ of ls~t’a1lv generated

v i b r a t ion s  of short period , regionally generat ed  v ibr at i ons  of i n t e rmed iat e  period ,

and tong—period vibrat ions which nsa~’ affect  t he entire ear th ,

l ong period nile rost’Isms 0 apart  from e a r t h — t i t l e  phenomena . commen ce at tilt ’
longer periods with  t its’ spheroiii~hl  ,tnd torsional  modes of the eart h ranging in period S

Iro n s 300—3000 s,’co n,ls. lii ’low 300 see’ t he niu t ’t’ c~si ’tslu ic spectrum shows no domi-

nant ens’ rgv peaks out it ~ip p roa ching 25 secotida. l’he 2 5 — s e c  waves  a t’e at t t’ibut ed

Bath, M. 19 3) Int rodut’t io n to Set stssolog,~~ .Iohn Wi 1ev & Sons • New ‘V o rk .

2. V ESIAt ’ S I’ A I’ F I l : l i t c ’ i ’ h . I I 9621 Problems in Seismic Uac~~~rounti Noise ,
V ESIAC Adt ’tsot ”. Report , 44 l 0 — 3 2 - X ,  ~Tniversi ty of Michigan.

3. h e r ,  II .  I I  t )64) l’hi’ I listor , ’  .iti~l Science of Mici ’oseisisis, V ES1AC Report
No. 4 4 l 0 - 6 4 - ~~~ Univer sity tT M ich igan .

6
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to the coupling of cyclonic generated ocean waves with the se’a bed at teleseismic
distances , and are not to be confused with the storm microseisniic branch. A
second spectral peak is located near periods of 4-10 see, loca ted in what is termed
the storm microseismic branch and a third peak in the short-period branch near
1-2 Hz . These peaks are well documented in the current literature as a result of
eart h noise surveys conducted under the ARPA sponsored Long Range Seismic
Measurement ( L R SM )  program incorporating data gathered from the Large Aperture
Seis mic :~r ray (LASA )  network located in the state of Montana .

The LR SM survey provides frequency and amplitude levels at discrete point s

fo r Nort h America and parts of Europe, delineating the predominant microseismic
f r equency for a given area and time frame. Of special note is the existence of a

pro nounced decrease in amplitude evident in the 30 - 40 sec band. This noise mini-
mum appears to be global in character  exhibiting stable spatial and temporal  char-

4 .5actenistics.
Much literature has been published with reference to the storm microseismic

band. There are a number of reasons for this emphasis: the prevail ing one being
that microseismic activity havi ng periods between 4~~l0 5CC are comparatively large
in amplitude and lie in the middle of the teleseismic band. l’he occurrences of hig h
levels of activity have been well correlated with meteorological and surf conditions.

‘4 As a rule , there is a pronounced increase in storm niicroseismic amplitude in

winter. These increases in the leve l of act ivi ty may last from a few hours to sev-
eral days. During these active periods , seismograms from coastal observatories
are all but unreadable. These storms of microseismic activity are often associated
wit h deep low pressure areas and frontal passages impinging on the continental
margins. Their mode of propagation approaches the Rayleigh surface wave  mode
traveling at a velocity of approximately 2. 7 km/second. They travel with little
attenuation over oceanic and continental paths but suffer a rap id attenuation from

one path to the other. The amplitudes decrease with distance from the coast and

are sharply attenuated at mountainous boundaries. The American Southwest , be-
cause of its proximity to the Pacific Ocean. is inc lined to t hi s ty pe of eart h noise

environment ; therefore, it would not be too presumptuous to predict that the storm ‘ p

microseismic band significantly contributes to the ambient levels observed in this
part of the country.

The short-period microseismic band is source varied associated with cultural
activity, localized wind action , and natural phenomena such as rivers, geothermal.
etc. The frequency level peaks near 1 lIz and is noted for its rapid attenuation
having both body wave and modal surface wave propagating characteristics.

4. Geotech Technical Report 63-45. ( 1963) Seismic Noise Survey. Volume I .
5. Geotech Technical Report 65-25, ( 1965) Seismic Noise Survey,  Volume 2.
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Int ru  Basin and Range microseisinie ac t iv i ty  reflects the lowest equ iva len t

motions in te rms of displacement ,  par t ic le  velocity,  and equiva len t  accelerat ion.  11 , 12

This region shows l imited effects  of proximity  to coast line , vegetation , and popula-

tion. 1”or co mparison purposes 1’i gures  1 and 2 delineate physiographic average

microseismic act iv i ty  in te rms of disp lacement  and par t ic le  velocity re spectively.
As is most evident , the Basin and Range Province is several factors lower in

intensity than the major i ty  of the other continental provinces. The same can be said

for  motions in t e rms  of equivalent  acceleration, Figure 3 . h ere , the equivalent

accelerat ion at the 1 lIz level is in good agreement  with l” rantti’ s and the lJ~S\l

station data measurements  used in this survey s u m m a r y.
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Figure 1. Average Background Noise 0. 3-1. 4 Seconds (displacement)

11. F rant t i , G. ( 1965)  Investigation of Shor t-Per iod Noise  in Maj or  l’h ysiogr~ pluc
Envi ronment s ofTontinental United States, A1” (’HL-6 5-4 06 .

12 . Al sup,  S. ( 1963 )  P r e l i m i n a r y  Stud y of Acce le ra t ion  l evels  at LR S\ I  Sites.
P Geotech Technical Report N~ . 63-4 9 .
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I- ’ igu re 3. (‘. round .4eeI l t ’  r a t ion  M can and flange — - l’h ,y s iograp hi ‘,‘ 1’ t’OVinccs

2,3 Mii’rnspi~mie In~eIht igiltio nN—At n eri ean Soti(hwesi

‘l’IIV published Iit ( ’!’:Iture referenc e to micros( ’ismic noise level  investigations
ifl t hit ’ .-\ tO I’ i ’ l c i I fl Southwest is qui te  l imi ted .  ‘l’hc in formation avai lable  represents
portions of studies h a v in g  broader  :i re:I s of cola-t ’ rn. ‘l’he fo l lowing is based on

t ’xti’a c t iu iss  f rom these st i I ( l  ii’s . and in some ‘:l s t ’ s  • t ist ’  . ‘Xpahls i ofl  zln ( 1 t ’efornnilzit ion

of the (IlI ta  in terms r h ’Ih ’v : In t  to engineering interests . ‘l ’hiese i nves t iga t ions  L’oV ( ’h ’ t ’(l

both the long ( S sec ’) and shsort I — 5 s.’(’) Pt n o d  portions of t ist’ ml L’ i ’OS(’I Sh i li  c spec —

t I ’ I I m .  : i t i t l  ar e  only i t 1 , I i I ’ : I t i v ( ’ of t h i t ’  m i c r o s ( ’ i s h s I h ( ’  noise Le v i - I s  for that  sampled P

- - pi’ I’ll)(h. ‘ I’ m ’s.’ levels a r i’ not to be extrapolated :15 i t - p  r’ t ’so ’ist :’ t i v  e in a St ’cii la r St’flSt’ .

I ’tu ’y should onl y be s igg ’st iv i  - of ths. ’  l evi - I s  that t ’an i- i ’: i s lOi : IbIv  hi’ : Int i cipat cd .

- I 2 . :1 . I I - H A N T ’r l ’ s IN \’  ES’l’iUA’l ’R)N S

In the early 11)60 1 I” h’atl t t i  u o T I . I I I ( t ’ ’ I  an i nve s t i gat i on  (51 ear th  440454 ’  8~a’(’t ra for

frequene  U’s grea ter  t h I l i l  0. 2 l I z . 
I , )  

I It ’ samp led m icroat ’ is mic noi se  lvv . ’I s in  :ill

t he L I . S. phy siog r~ip hi ~s p nov m ci’s :i~i ch pa rt s of ( : 1 t 1 : i t i : 1 . I he deployed wi n il protected

I 3. I” ra f lt t i , ( ‘.. ( 1 9 6 2 )  ‘I’Iii ’ n a t u r e  of h igh s  f re quency  i-a rth noist’ sped i’a • G(Sophysi( ’s.
X X \  111:5-17-56 2 .

I I
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v i ’  ti l ea  I set ~~istotss.’ t e rs in t’e ha t  iv. ’ iv fr i-i’ i’t s it ts r i i  1 .1  l . a  5, at i th  j r -i t u rn . f , u ’nta t ial  t he
i l , I t , I  It i t erms  (i i ground hfli )t h ,)hi p~irtn ’ lt ’  v , ’ l o e t t v .  ‘h ’h. t ’e W a s  no :tppiii ’ .’t st ‘‘t u t s l st

en i -v t f l  Inst  vu inentat j ot s p lant ;  t hi’ s,’Isso i’s W i ~ r e ho, ’ a te.I on i-out t ’ : t s t i  tig sit

issatei ’la ls ~‘ 4 I  vy ing fi’oi~ s sIt . ’ to sit.’. I” i’mstt i , ‘onelude,I that t h e  t i l l . ’ m is, ’ 1 5 1 1 1 4  t l v i i ’ ,

.11141  gra ds.’nts iii  the f ar  fi. ’ld t’ ,st ’rel at ,’ iiti II  m’ e’gloIl:II l i : I s i s  w i t h  the l i l a  K i n

- - g rap ine provinces.
I- ’ igures 4 throug h t O  r .’present Pt) r t io u s  of l” rant t i ‘ S mu ii - roseis t i t l e  ground

S par t ic le  vt ’Iocity dat a couve rtt ’d to ground displacenient  a tu l  1 ci’.’).’ rat i t imi lot ’ l i t . ’

stat,’s ‘if 1 l’hl~Oi54l , N , ‘v :u la , antI  New Mex ico . Al l  tht ’e,’ state s are  w i t h t n  t lie s.ii iw

111113 4) i’ phy slog i’i.tphii’ p nov inc.’. namely  the I I I I  s i t s  tui d Bang.’ Pr,sv I flee . l I t spi act ’  —
- 
. nu ’nt :imi ’I aecete rat ion tt’t’t’ls per ’ I” r a t i t t  l’ s L i t  lot ’ the  th ree— sta te  a rca I l Z ’ i’ t’Ofl —

st i le  ri - ti  bt ’low.

I - T 1 111111 - I’ f 1 1  ¶ 1 1 1

100

! h ” i & ~imri ’ 4. IUsp I z l c e m s I e m l l  :14541
C :~ ~~~~~ h’ :l 1 1 4 5 1 1  Spe ctra  for

\V i i  low Spri l5 t ~s • A t ’izot sn

110 7 °-i
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2 . 3 , 1. 1 Ar Izona Micr ose’ismic Motion t ,evels (l” r a n t t i )

l” t ’antti usade microseis  n i l e  measurements  at ei ght Ar izona  locat ions . 
13 The

data sampl ing cov er ed the no r th— c en t ra l  portion of the st ate irons C i i m s s a x  C l a ims

in the west to Tolan Lake in the East. Figures 4 anti 5 are the  ca lcu la ted  displace -

ment  and acceleration spectra for the m a x i n su n s  (Wi l low Sp r ings)  and m i n in su n s

( R e d  l ,ake) samp led sei s m ic  background levels  for the  eight locat ions . The ft -c-

quen cv  hand is from 0. 5 to 10 llz (0. 1 - 2. 0 sec period) . As evidenced from the

figures  * both dis p lacement  and ac ’elerat ion spectra for the  I w o  s itt ’s are S I U J I  tar

in shape but W i l l o w  Sp r in g s is a p p r o x i m a t e ly  one order of i i s a g t s i tu .1e  l a rger  :0-ross

the baud in both disp lacement  anti  :u’~ e Ic rat  ion . h” or instance at I S V t ’  t h e  i l l s  p lz lt’e —

us ent and acceleration levels  for W i l l o w  Suin msgs are of the order of 15 711 i l l  11)5 i c l ’l ) I ) s

( p — p ’) :snd 3. 0 \ 10~~ mg ’s m’I ’sp i ’ t ’t i v t ’t v . :t r i i at h~ed I :Iki ’ 1 . 6 ~s s i I l i t t s  it - ro lls ( p — p t ais t i

3. 0 \ mg ’s re spec t ive ly .  ‘I’he l eve l s  ol the  r( ’n la i t t in g  six s ta tions , tha t  is Mo rm sso r s

l ake . Wins low . Tolats l,ake , K i r i g r s l a u . i ’i :t . ant i  ( ‘ l i t n a x  ( ‘ l : i i t s s s  f a l l  w i t h i n  t hese

two extremes . ‘l’here loes rio t appe ar  to he : i z j  V appre ciable  il l f f er e t s t  i at j ug  t re t ic i  iii

spectra l  a m p l i tude  between th e ea st ern  .14 th  we s t e rn  parts  of t h ’  st a t e . I l ow eve m’ .
th e’ thisplacenlent an t i  acce le ra t ion  sped m’:I for’ all  locations art’ simu i la r  in ~ l sts w i nti a

d i s t inct ive  branch point in t h e  y in  ni t  of tls,’ 1 , 5 lIz (0. 67 ~ci ’) w i t h  t h e  one t ’xt ’eptiou

of the C tin s ax C la ims ’ spin-I  r’a where ’ the  b ranch  point is oppo site il l  pot a t ’i tv .

i - ’igure 6 is a v er t i t ’aI (‘omispols ets t t i i s p l: i t ’e i i i . ’t i t and accelt ’rat ion spe ’tral p lot

t’ai , ’u Ia t  t’tI Irons ground ~-e l~~t ’ i t v  spe ctra over t hi’ fne ’quency ranges 0. 1 - 1 . 0 117.

( 1  — t O S V t  period ’) . The ni , ‘asur ’ensents were m ade in t lse v i c i n i ty  of I’ut ’son by Sh op—
14 5 . ‘ ‘Ia nd and  St eve u s . ( ~v ’r  t i e  eons muon f requenci  i’s wi l ls 1’ r an tt  i ’ s ,s h~ i’ rv at S O I l S  • I lie 

S

l ueso ii I i i s p l a ceu i s en t  am i d at -t ’eles ’ation s peet i’a agree wel l  w i th  the cal t’ul ated dis —

plat -e m is e ’mi t  and at ’celerat ion levels n ieasure ,I  by t” r an t t i  at Wil low Springs . the  s i te

of m s s a x i n ) u n s  s e i smic  noise level.  W i l l o w  Springs is app rox ima te ly  325 kiss t~ot’tli
nort h —west of h u t -so n . •\ lt lsough t h er e  are  iso apparent’ si m il a r i t i e s  in ground issotion

characte r i s t i c s  at the  sansp le i i  locations on aui  t ’:lst —west  p lane , i t is of int e r e s t  to

note th a t  l” r an t t i  d ,~ seconii nois test h oc - a t  ion — l\Itsr iss on I ake —closel y approx i ns  aU’s
t h e  Wi l low Springs mot ion l ev i - I s , :llsti t ha t  W i l l o w  Springs . Mormon I ak,’, a nti
i’ues t in  are separated by less t h a n  30 lo in  of long i tud e . This north —sou th  t i ’ e u i t l  

P

cannot he exp la ined  by cons m ss on I 1e ds lds C  it ’  :sl c h a r act e r i s t ic s  as Mornsots  1 . ake  iS  i’ha m’ —

t e r iz ed  by vo l t ’anics . Tucson by usa r in e  tlepos its , an t i  \V il tow Spr ings  by a l t  uv ia l

tlepos its .

2 . 3. 1. 2 Nevada M i c t - o s e i s i s c i t ’ M ot ion  I .ev , ’ i s  I l r a n t t i )

)n lv  two sets of sd smi c noise mit i-as i trem emits  were  i) i ~itlt ’ by I- ’ m ’ a ii t  t i i n  N,-v : l t l : l

one at l i v  and the second w i t h i n  the N .‘v :lci:s I .‘st Si te. 13 before • t he frequt ’ms . ’ v

I-i . Shi op l an t i . H. , and Step h ens . l’~. ( 11) 62 ’)  SIte  select ion  th i ’  noise p1’,* h l t’i i i .

I ’ m ’cshlenss in Seismic Ilackgi ’oun,l  Noise. V ESIA ’ Hep.st’ t  N t ’ . 44 10— 32 — N .

16
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band of the spectral plots is 0 . 5  - 1 0  lI z (0. 1 - 2 . 0 sec period ). The calculated dis -

pl acement and acceleration spectra are presented in Figur es 7 and 8. The motional

levels of the El y da t a are sign i f icant ly  higher than t hat of the test site app roachin g

an order of magnitude for periods larger than one second, As is consparativel y

ev iden t , the Ely and the test Site spectra respectively approximat e the m aximum

an d flsj f l (rnt i f lI  extremes as dedu ced fr om Frant t i ’ s A rizona spectra.

2 , 3 . 1 . 3 New Mexico Micro seisru ic Motion Levels (Frantt i)

Fran tt i sam pled m ie roseism lc mot ion levels at four locations in New Mexico .
namely  Truth  or Conseq u enc es, Red Hil l , Hope . and Ma gdalena , 13 Spe ’tral motion

levels for the maximum — M a gda lena —and for the usi n h-n urn—Trut h or Consequences —
for d isplacement and acceleration over the band 0. 5 - 1 , 0 lix are presented in Fig-

ures ¶ i anti  10. As is evident , the  Magdatena spectral  nsotions are several factors
— l a rger  than  Tru th  or (‘onsequences , However , the range of the extremes for New

- )  Mexico is not :ls large as for A n i z o m t a  anti Nevada. This could be attributed to

geolog ical  var ia t ions  (see Section 2 . 3, 2 ’) or cul tural  env i ronment .  Overall  the

u-t sicrosei sns ie ’  nsot ion levels in both displacement  and accelerat ion are slightly more 
S

quiescent  for the New Mexico locations than are those levels represented by the

,Arizon a and Nevada spectra .

3 
2. 3. 2 l O N G  R A N G E  SI- I SMIC M E A S U R E M E N T  PRO GRAM

‘l’he l .omig R an ge S t ’ i sm s i i c  Measurement P r ogran s (L RSM )  was established under

the  governm isen t  sponsoreti Project  Vl -~l ,A-VN 1F’ORM for the  purpose in part of

eva lua t i ng  sei smic  noise levels  at var ied geological sites within the United States

an d (‘anada. f - or t v  u s sohi le  se i smic  laboratories  were used to cover the m a j o r  *

pbsy siograp hi.- provinces i nc l u d i n g  the f lasin  and f lange Province . Each mobile I 
-

~~ l abora tory  consis ted of two sets of three-component seismographs; one set covering

the short  period sp eetrun s  w i t h  peak magn i fi ca t ion  near 2 Hz whi le  the second set
t ’ove i ’m- h t he  long perio.I spectrut s i  having  peak magni f ica t ion  at 0. 04 liz (25 sec -

pei’io,i) . ?5 
W i t h s in  the  Hasin and Range Province , LRSM nsobile vans occupied sites

its .-\ri io,sa , N evad a . ar id New Mexico for periods up to 2 months . Measurements

t aken :it these sites are presented as period-amplitude plots given in Figures 11
thm’ou gh 20. ‘l’he aver age am plit ude in n sil l insicron s , corrected for ins t rument
r’esponse . is plotte tl as a function of period. The measure ment s cover a period - - ‘

rang e of 0. 3 to 1. 4 sri’ for the short period sv st en i s  and fro m 6 to 100 sec for the - :
long period svs ten is . Superimposed on eat -h of the  spectral plots is the average

- 16
noise spectral curv e of the earth’ s surfa ce as adapted from Brune amid Oliver .

15 , I’ena , C. (1967 ) Seisnsic Noise Surve y, Volun se  3. Geotech Te, ’hnical Report
No. 67-19 .

16 . Bru nc , .1 . • ati.I Ol iver , .1 . (1959) The seismic noise of the  earths ’s surface ,
h u l l .  Sclsm. Sot ’. Am. 49:34 9-353 .
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I l s i s  .-u s’ve ss pr t ’sent i ’th fo r  - o t n p : l i ’ i s , d I s  ~~~~~~~~~~ ~ i l l s  Sli t’ l l t j i ’ t ’ , d S t ’ j S t i d j t  l t i s j S ( ’ level
(5 s : suss p l i ’th :st eat ’h s nt  I t s , ’ I HSM s i l t ’s its  i ts,’ Sh i re , ’  —~t i t t -s . l ahs l, ’ 1 l i s t s  t h e  s t o t i n s s s

.‘ot st a in ei l  ii i  t h e  51s’t ’t r a l  plots . by ln i ’a t i ut s . i ’oor t l iu sat es , :tn ~h t h i s t s s i t i a m s t  i_- e t i h t s s i c

t I s i t ’ : m t ’te r ,  (‘oms ipu t ed  sct ’,’h i ’ u ’: i t  j i l t s  l ev els  fot ’ s e l e t ’t e i i  periods it i ’ach s S i t e  are ~~1\ ’ ( ’ t i

u ntl, ’ r l - s ~’sit’ ,’s 11 thsn , s i m t ’hs  2 ( 5 . I t s  : i t l t t j t  j o t s , a\- e m ’ace t s s a x i t s : u l s s  ami t i  u s s i n i m s s u n s  :sct ’ele m ’a —

t j t d n  levels  wi ’m’ t ’ - i l t - s s i a t , ’ l  by n ’i’ t t ’ t ’hs based , 155 peals ~t~ t l U t 5 ~ t : i t s s p l i t u t i c  ohs e t—va t io m s s

ft ’oms s :19 t ’, i n ij i s , ’n t a l  si tes . l” xt m ’ot ’t ions  f ront  t h i e s e  i - a l t - th a t m i ss for t h e  pet ’iot ls

10 . an t I  25 si’.- a re lres, ’ t l t e I  in  ‘l’ahi e  2 fi i t ’  co u s s i ’ ; s s ’ s s t i t s  wj t h s  (t i e  c a I cu l : i t e~i
t , ’t l uj \ ’a I , ’m st S at - c t - l i - r a t  ion l eve l s  ass ts t -Ia te t l  w i t  Is Vi~: s s t - ,’s ii t h roug h 20 .

l able 1 . S tat i o t s  S i te  (‘hsar a. ’t e u - i st i t ’s

A u’i zotsa

1 i ’t ’at io n ( ‘t i d i l ’ t h j s ) a t , ’s f lock St r sm t ’turc

I . ( l i) h ’ u ; h - — \ ,~ ) :h :1 . 7,’IN — i t o. 5:tw Shs: ,h ’
2 , lleber ~h l }3 — -\;~ :14 . 613 N — I 10.77 \V l i u i s e s t o m i e
:t . .let ’ot i s i ’  .111 — \; ‘. l :5 4 . 9 3 N  — I l l . ~1hW I . ins,’stonc
1, hoh ls hi , i r i t ’hs  ( l ’ l i —  \ / 5  ~‘ -l , -111N — I l l . 003\V A i l t m ~’ i t m ns
1 . I ots~ \ a l l ey  ( I  ~ ;~~~\ , ) 3 4 .  - I O N  — 1 1 1 . 55\V \ o l e a t s i c  l’ su f t ’

t; . N , i 7 l , ’ss i  I N I  - \ ‘ )  3 5 , 9 0 N  — 10~s . 57\V Shale
7 . \ , i i l c r t i  :‘ I N I  ~— - ~:s :55 . 30\ — 1O~

) . 65W S i l t s t o n e
8, Snow flake (S i -~ — -\/  34 . -I  I N  — 1015 . 02\V I . i t s s es t , suse
9 . Se l i t n s : s m i  (SG — .-\~’l  35, ( 3 N  — 113 . 27 \\ l . i t i s e s t t s i s o
10, S u n f low er  (SN — -s/ i 13 . 9 7 N  — I l l .  70W Grassi te
I I .  Sprtm sazv illr tS\ — - \ , 3-I . l f lx  — 109 . 02W Sands tone
12 . W i l l i a t s i s  (W t%l .\/ ~ ~5 . 4~~N — 112. 22W i i t s s e s t o t s t ’
13 . \t i t isiots (~ I~~~— - ~( :1- 1 . 1S1S N — I t O . (32\ V S:t s s t l s t t s s u ’

Ne~v l \ l e ’i t ’o

I i s c ; i t i t i t s  ( ssisl ’ t i i t s : t t e s  Rot — k St i ’m’tui ’,’

I , l a s  Ct ’ut ’’s ~l C - N M )  It ; , SBN - 106. 60W T i insestoise
2 , Gnome u ~N —NM ) 32 . 27 N — 10:3. 85W (‘a l ic l s c

Ni-v :i t l:i

I .ocat ion ( ‘t iordi  notes Rot -k St rut - lure

A u s t im s  -VI — N \  1 39 . -tON — 117 . 007\V ( ;t ’ats st l i o r i t e
2 . t a l i et st e  (C Q—N\ ’  5 37. (32N — 114 . -11W 1 . ins i ’st sus , -
:s . 1-: ur eka ( l - : K — N v ’ )  39 , 2 2 N  — 115 . 72W Shale
4 . M i i i : t  ( M N — N V )  38. -13N — 118 . 02W Ci~~ssp h m’’~ ~t I t ’t : i s n t ’ t p h s f t ’

t Se~h i t s i  i’i st ;is ’v ’4
5, W i I t t i ( ’ t i s u t ’ t ’:i (XVi — N\ ’) 11 . 35N — 117 . 47W I i t t t . ’5t o ,s , ’ l’t l e t a i s s t im’p h si ~’s
6 , \V ar n s  Spr in gs t W/  — N V ’ )  so . I O N  — 116, 30W ; t ’ l s s d l t i o t - i t , -
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Table 2 . Averaged J \ I a x in su s s s /  M i n i m n u n s  -\ ccelet -a t ion
Le v e l s — N o r t h  Amer ica

P’riod (set-)

10 25

Average  M a x in su m  Acceleration 1 \ l0~
7 g 2 \ 10~~ 3 ~- l0~~ g-0 -o - 10

-\vcr ’at ~e M i n imum  3 10 - 
g 7 10 - g 8 ‘ 10 g

The avs-s ’age I m a x i m u m  and in i n i n su n s  of the  pea k a ’ t’p lerat ion from 11w overall

I ,R SFd  sh iort  period data , based on the LRSM cont inenta l  s ta t ions , are 3 \ 10 7 g and

3 \ I O  5
g re spec t ive ly ,  and 2 \ io

_8 
and 6 \ l0~~~

0g. respet ’t ively I t n ’  the long
- 12 -

period 10 - 60 sec’) I ,R ~~M data. As can be argued f rom Figures 11 throug h 20 , the

Am e r i c a n  Southwest is one of the more quiescent areas in (cr i s i s  of microscisosic

noise w i t h i n  the t’ontinental limits, From the measured Arizona , Nevada , and

New Me’xlco data , equivalent acceleration levels averaged for periods 1. 10, and

25 set ’ at-c given in Table 3. -:

Table 3, Three-Sta te  Averaged Accelera t ion  1 ,evels —

Period (see)

________ 5 10 25

Arizona 3 N 10~~ 9 N 10 9
g I N 10~~ g

-8 -°
New M exico — 1 N 10 g 2 N 10 -

Ne vada 3 x io
_8 

i x 10 8
g i x io~~~

Compara t ive ly ,  the averaged sam pled equi valen t acceleration levels for t h e
three-state region app roaches t he averaged peak min imum for the sampled I RSM

con t in en ta l  data w i t h i n  the short period band while  the trend for the longes’ periods “ p

is nearer the averaged m a x i m u m .

T~ .
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2 . 3 . 2 , I l ) i s t ’ussics n

M l c m ’ issei s i t t i i ’ l ev i - I s  a re  colored by t h e  local  sI tti om i geology.  ‘l’hie A r i z o n a

s pi’i’t rIt ( Figures 11 thr’oug hs 16 ) prt ’dlcat ei l  on stat ion geolog h’al fo t mm i i lus t  lor is • c o l t  —

fom ns to t’xpccte I l eve ls , ‘li s, i t  is , for  t he  s t a t i on  l o t - a t  I’ l l  om s a l l u v i a l  depo si t s

( F , h I — A Z I. a I t i L’h i l ’ t ’  i s m i lem’  i s i . i s t -  I t -y e l  is i ’v i d emi t  t ’ om ss I sa i ’ i ’ t I to  a st a t  j t i t i  Ioea t i ’i I  om s 1

g r ’ a t s i t t ’ base sit i ’h s is (SN — -\ V - ) .  ‘(‘he sp et ’tt ’a fo r’ f l u t i s t ’  s t a t  h i t S  f i x i ’ t I  ni  s t ’ i l i i u s . ’ t i t t i ’v

rot-k a O i(  v o ic a rm i r  t ’x t r u s i v e s  t ’i ’m ’i ’aI lv I’a J I  hi- twi ’t ’ s i  as s ’xp t - i - t i ’ I . ( ‘ou u t ; s a r ’ e t l  w i l l s

nOise spi’t ’t ral  1 sltt ts it  llr’imtse ams c l Ol ivt ’m- . tIn’ A r i / c i l i a  shs oti  — p t ’r i o i l  spet -t ra i l - c  o f t  —

p at i b l e , w h s l l e  t~ t i ’  t t i u i t ~ —p e m’ i od  spci ’t ra * t ’ i -  t ’i sn s i s teus l  lv of a I s i g hse m ’  t c t ’ h- r of i t s t i ’ t i s i l y

anti  s h i f t e d  ims f r equt ’m ii ’y to  t h e  Ior sgem ’ p e r iot hs  lot’ i ’qu i va l t ’t i t  wo r ld  I y i ’ t ~~t i~i’ l evi-Is.

‘lI st- New M i ’xj t - t i  s l i t - c - I r a , l ” i gim m ’e I i , cons I s I s  ( it’ in t h ’t t w i t  s t a t i o n  s a i t t i s l e s

w h i ch , irs t u r n , s i - i ’ i p t i t i ’  l i n t  i t t - i l  iii t ls emi tst’lvt’ s . lfisw evem - , ( l i i ’  sho t - I  period m i t

s e i s ut t i e  noise l e v i — I s  101’ both s t a t  i t i i l s  u-i ’ i - i t t — t i f f  t - t i i i s p i t - t m u i m s l v  at 0 . :s :s set - ( :5 l l z I .

l i i  t ’or t t p f l t ’ i S O t l  t i t t’  t t t : t ( t i i ’ t  l v  1)1 I hit ’ A r ’i z om sa t i s i l  N e v ; i c i i i  sI i t  I t l t I  spet ’t ‘a I t — I — i t t  i t sa t  i~

iho vi ’ I s’t’i’o m ti l .  ‘l h se longer ’  in ’r io i l  N i ’v~ Mex i c o  slfl’ett’:( art’ stibs tam il ia llv of lit i ’

s t i n t ’  o rder  i i i ’ i i s t t ’m t s i t v  ar id  t - t s t ’i ’ e sp o nt l i n g  pt ’m ’ i i i t l  as l I s t ’  A t ’ i i t t t i i spt’c ’t ra .

N cv : t l: t s ; s t ’ t ’ t  c t , l- ’i~~sui ’ t ’~; 18 ths ro s t g hs 20 , a t — i ’ s i u s t i l a m ’  l i i  — a s  w a s  (h i ’  t - a s t ’  i t s

l- ’ r a i s t t i s t l a t : i — t h i ’  -\ m ’ i i i s t i a  spi ’t ’t i’a at h i s t h i  l i i i ’  sh i i s i ’ t  i i s d  I i s t t t ~ ’i ’ pt ’t ’i i ~c ls t t i a i s u t i ’s t i t i g

i ’i s r s spa t ’ah l i ’ i m i t i ’ i s s i t v  lt ’i ’els . I l i l a  S I t t ’t t  t ’z i l  ~io i t i t s  t ’ ii t i s i s t i ’ u I t  ly  i ’ l i m s t i ’ m ’  s t ’ t s t i i i t l  l i t . ’

l l r t u u ’— t  l h i i - ’ t ’  t ’ I z r t ’u ’  Jot ’ f l i t ’  .sl sor t t ’, ’  pei’ ii si is  ant i  I r e  i t s  s t i t c h S t  st ion i t  i ’ t ’ t ’ i l t t ’ I I I  i t  I l i i ’

II1I)I’t ’t’ pt ’t ’i isi l .
\ V i t i i  I i i i ’  i ’x t - e t c t  i i s t i  of t h u -  i s h s t ’m — v e i si si ss’l  I t e i — i i s d  t ’t u t  —t i l t ’ tit ’ Iissv I set ’ l i i i ’  ( l i i ’  t W t t

New Mt ’ x itt i sl il iotts , u-l i l t -is t i tm e t o  l i s t ’  l i t i t i l p I  s a t s i p li ’ is i i i  I t s i ’ I f  t t i t ~t t l v  l t i i ’is ust ’ h s t s ivt ’

Is lsi ’ i t i t ~ I t t t h j t ’ t ’i s i t i t s . l i st ’  I ,I SSl\ l t s i i t ’ t ’ o s p i s u s t i  I ~i I f t ’ t t m - a l  l eve l s  for l is t ’  s i i s s p l t ’ t I  t l t i ’ t ’ t ’ -

s tat e  i t ’ i — i i t - i ’ ~ t 5  c m i i  it ~t i ’t ’ i t t i ’t sI • i’ x l s j h i t i t i t ’  i ’isis s 5 i i i ’U h t i t ~’lv  I t t u ’  sh in- I  —~n - m ’ io t I  l t ’v t ’t s  ‘

ctI us t l S t i ’ t Il t o  ç i s i b l i s i t i ’ t I w or l d  i i i ’ i ’ a i ~es .

2. :t .:t l&iN ’ l o l-’~~I(I-:S’I’ St-:l SM()l,O(~l(’-\l - c)l lS l-:UVA ’l’OISY D-\ I’ -\

Stat  i i . m s a t ’ y , t ’ ohii’m’ ~~t s t  ha i ’k gm ’ i u m is i l  i s i l i S t ’  f i t ’  I I  I v t e r u i t i u s s t i i smss  we i ’ e- u t t a t l i ’  i i i  I t 9 J 5

a n tI  l ! ) 6f 5 l iv  lex a s l i s s t t ’ i t i i t i ’ m s t s , lin ’ . * 1 t I n ’  I t i t l t i s  1~o rt ’sI St- is’I t t t i t i t t i t - ; i I  O l t s , ’I” : t t l s t’v .

I ‘: l v s i l i i , - \ i - I t t t i t ; i , Dnta w i - i - i ’  i ’ i t l I t ’ ’ l I ’ I  i - i a  i i i  i~~t i ’t i t I t ’ il ~~t ’ i ~~~t t i  i t  i s t ’ l w i s i ’ I s , liii- ls stl~— 
p

lii-i hi’i I  t l a t ; s  t I - c  i t t  t e t ’ i t t s  if  t ’ i’t ’ ip m ei st ’y — w a v i ’t s i i u t s l s i ’ i ’  ( f — k  ~9 a c ’ 5 . I_ S r  isott’ u s  (isis

I i t v i ’ M t i t ~ tt  l i s t s  is t h u i  c t s a i ’ : s t ’ t t ’ t ’ i 1 : t t  l i i i  t s f  s i n s s i t s i ’ t ’  i t s I w i t s t e i ’  sulse fii ’lt ls . 
Ii ll i g l s.’t’ *

su u ’ r : i t -m ’ t t t oi le I ’ s i i ’ i ’ t~v l’r o t i t  l i l t ’  u i t i i ’ t h s t ’ a s t  is t i l c s t ’ i ’ i ’ i h t l s u r i u i g  l st t t l s  w i u s t i ’ t ’  s i t - I  s s t t i t t u i e i ’  —

i I ’ t ’ I i i i ~~ at ~ci ’i ’jtit l5 h i i s ~’i ’ -l set - i s i s i l s . ‘l Ist ’ i snsS l  si t s t i i c ’ s t s t t l i f f t ’ i ’ e i s i ’i- i l l  I l i i ’ -;~s i t  i i i

t i t ’ c ’ , t l i j ’ / a I i i i us of lI s t ’  s i t u s s u u t t ’ m ’  i i i  iv i t i t i ’ r  t u s h - t i ’  I’ l i ’l t ls is f l i t ’  u - i n l e t ’  i l t t ’ i ’ i ’ i ~ c i ’ j u t  • ‘u s I~~t ’ I ’ ’ 1

f r om s i  ( I . ’  s s * l t ’ t Iu%% - . ’ s t  i ’lsa r :m t ’ I i - t ’ i - i *’ t l  l i t  I i s t ’t’. ’ t i ’  cm ’ i ’ i t s is u t ’ 9 5t ’ t - t i t u c I~t . hi it t l s i ’u ’  i v o t c is ,

I i ’ . R i — k i m — t a . ‘I ’ . ( h ~~ 7 I ) )  N o i Se  S t s i t l y  l i i i ’  ‘ l ’ I - ’O V ’~ l t t s l i ’ t S I s o t ’ t — l ~ e t ’ i t i i I  A u - r i ’1’, I t ’ x i~~

l u st i ’ t i t t s  i ’til II epi c i ‘~ t i . ~~~~~ 
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as expected , the contribution of the storm microseismic branch of the microseismic
spectrum predominates . This is at t r ibuted to Pacific cyclonic  activity. A slight

— increas e is also observed in surface mode energy from the southwest in the “winter”

data , again attributable to Pacific cyclonic activity but not to the degree as occur-

ring in t he more storns orientated northwest Pacific areas.

3. CONCLUSK )NS

From the Iius i i t e d pub lished and calculated data covering the Basin and Range
Province , micro seisn i ic  intensity levels for the shorter periods are generall y of

a n order of magnitude smaller  compared with continental and world-wide averages .
Comparat ivel y, the longer periods (“ 10 see ) are slig htl y greater in in tens i ty  char -

acterizecl by a shift in period. Intensity levels w i t h i n  New Mexico exhibit  a greater

de gree of quiescence compared with Ari zona and Nevada , which , in turn , are most
comparable . Stationary background noise fields are dominant in the winter period s

having source orientation pr imari ly  in t he no rth wes t and secondarily in the southwest.
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