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SEISMICITY OF THE RIO GRANDE RIFT IN NORTHERN NEW MEXICO, 1973-1983 

DANIEL J. CASH und JOYCE J. WOI.FF 
CitiiJ'h)•l~\ r.lruup. 1~'\S.J, l.AI\ Al~lll<l\ S~ll•~t•l Llt-."~1111). l.ol\ ,\I•UMh, ~ .... ~lc\1~11 M7!\ol~ 

ISTROilUCTIOS 
In the ycur!l bdmc: ullcquate .,cbnm~:ro~ph cowra~:e. repllM!I nl' felt 

:snu damaging eunhquul;~:s in New Mcxic:u came mo~tly from along the 
Rio Gr.mdc: rift bccuu!lc mn.,l of the: ~tate'!> population wus conccntr.ucd 
along the Rio Cir.ande River, which lie!. within the rift. Even though 
the ~ismogl'llph covcr.agc i!o now fuirly t;Uh!~tantial und the population 
more widely !oprcad, the pi.:turc: i!l lillie changed. The Rio Grande rifr 
and related structures conrinuc tn he the sites of most c:W1hquukes, 
allhough c:UJ1hquakc:!> ;m: occa,ionally fell in ulmo!>t all area!~ of New 
~texico. 

The Los Alamos Sei!lmogruph Network fLASNl was bc~un in lute: 
1973. Current LASN M:~tion locutions arc shown in Figure 1. Tectonic 
rcr.eurch on the: Rio Ci!'llndc rift was the principal reason for c:slllhli!ihing 
the: nc:twork. Continuou~ datu of good quulity have: bc:c:n acquired for 
about a decade:: close to 2,000 eanhquakc:!l and microc:anhquakes h:sve 
t-een recorded, unalyLc:d, :snd c:uulogcd. The: large~t event tlCcurred in 
1976, 60 km c:n~t-nonheu~l of Gallup. und had u magnitude M,. =4.6 
'"'·"" 5.:!). 
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The ~ei,micity uf nnrthem New Me:\ico hu~ed on l.ASN duta rFig. 
!). although concentrated ncar the Rio Grundc: rift. is not entin:ly 
com:lated with rift Mructun:s. Some c:picc:nter pattern!> cut nbliquely 
acros~ the rift, some ure u~sociatcd with volcanism, and some: outline: 
prc:·rift ~tructure. Sever.al notewonhy correlation~ between recorded 
'ICismic: activity ilnd geologic features arc di~cu~~c:d below. 

Culderus or the Jemez Mounwlns 
Very few events have occurred within the caldcr.a~. dc:~pitc: the prc:s­

cnc:c of numerous fuults usMK:iutcd with rin,~; fr.~ctures and rC!Iurgenr 
doming rcerm Redondo) thut followed the form:~tion of the caldei'IIS 
01bout I m.y. ago. This usc:ismicity muy he unributc:d to high crusllll 
temperutures or to the: n:licf of stn:~s on lhc surrounding active: fault 
zones. The high hc:llt flow of the c:~lder.a re~tion is well known (Edwards 
ct ul .• 1976). Both l.os Alamo~ National L.abor.atory und Union Cico. 
thermal Company have major gcothcrm:~l projects on the: west side. In 
area~ such as the Rio Cirundc rift. where ha!>in ~cl11ogy and normal 
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FIGURfi 2. Map of canhquuke t:f!iccnt~n fur nonhcm Nc:w Mc:~icn, Scf!lcntbcr PJ7.'-!A•wn~r 1111!3. 

faulting predominate, \ei,micity tend' to be 'hallow, Where tcmpcrJ· 
tun:s an: high, the brittle nature of the crust at even shallow depths i' 
replaced by :1 Ucgrcc: of dut:tility, making the prOCl!S!o of brittle fr.u:turc 
or faulting much hm probable. Stress that wuuld increa!ie to the hreak· 
ing point in brittle rock i' rclievt:d through cn:cp in the more ductilt: 
11\llteriul. The ab\cnce of !ieismicity may also be attributed to strc'' 
being relieved on activt: fault zones immediately outside thc ealdcro~s, 
moM notably the north-south zones of uctiviry alons the Nucimicnto 
uplift on the: W1:1it and near the Rio Grande on the cu~>t. 

San Felipe FIIUlt Zone 
Immediately to the south of the Jemez Mountl*in' lies an urea thut 

appcJ~tS Sl!ismieally similnr to the Jemez calderas. The region i~ nc:urly 
ascismie, surrounded by zones of marked !ieismieity, and eont:sin!o u 
high density of nonnal faults no older than Plc:isrocenc:. Thc!ie faul11> 
IU"C paniculurly vil.ible in the surficial Quaternary-Tcniary basult5 of 

Sutlla Ana Mesa ncur the t:cnrcr of the aschmic llfCil ISmirh cl al., 
1970). Lilli!: is known uboul hear !low in thi~ rc~ion, Sll srcculariun 
about rhc cause: of a!oei~miciry hn!l liulc foumJution ar present. 

Nuc:lmlento lJpllrt 
Thc zone of ~:unccntrJtcd epicenters on the west !tide uf the: Jcmez 

Mountain~ lies on rhe Nacimiento uplift. The uplift was formcd in 
l.arJmidc rim~: by rcvcrlle or high-angle thrust faulting upward towaf\1 
the WC!il; thus the Nacimiento faull dips ro the caM umler the uplift and 
is the probable source of the seismicity. The tcctonie strcsse!l arc much 
different now !hun during the: l.llrJmide time. The Nacimiento f:~ult wa~ 
originally a n:sult of cast-we!lt compressional tcetonic,, In eontru,t, 
lhe prc:.\Cnl-duy rift structures ure more cunsi~tent with c:uM-wc~t ell· 
tcnsi<lnaltcctonics. Apparently. the Nacimiento tilult is a zonc of erustul 
weakness that has been rc:activutcd by the tectonic procc:loscs of rift 
fonnution. Fauh·plunc: solutions for Nacimiento events would c:ontrib-
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uh: to an~wcring queMion~ llbttul cuntcrnpormy tectonic' in the N:~ci· 
micnt~r.~. but re~ulb of rault·planc am•ly~e!l have !IO far produced nmbiJ!uou~ 
results. 

Induced sci~micity lll!cur. during hydro~ulic·fracturin~ C'lpcrimcnl!> at 
Lo!l r\lamo!l· Hot Dry R111:k (HDRI gcothcnm•l projcctun the wc~t 'ide 
ttf thdcmt:'l ~1ountain\, The HDR·projcct site lie!> along thr.: cast ed!lr.: 
of the !IC:i!imically active rc~,:ion tlf tht: Nacimiento uplift. The ~cvcml 
hundred microc:al1h'IU:tkc~ that h:we bl:en induced arr.: not shown in 
Figure 2 bcc:&use they an: tuu small 111 bt: h11:atcd by the pcrn•ancnt 
network. and an: too numc:ruus to bc shown. A tcmporJry network or 
nearby \Ci~mograph' b u!>l!d to rccmd and rc!>l!:m:h the H DR micro· 
~juakr.: :&ctivity. 

Gulllna-"rchulctu Mch 
Nonh of the Nacimiento uplift. the sebmic m:li\'it:; closely fulluw., 

tht: Gallinu-Archulcta t~rch to the ColurJdo borc.h:r. The epir.:enter of 
th~: Dulce canhquakc nf IIJbtl lie!> in this zone. 1111: t:anhquakc: had a 
magnitude m,.a S.S (Herrmann et ul .• l111l0J, a maximum inten!>ity uf 
~1~1 VII on the Modilied ~1ercalli )Calc, and cau\c:d mndt:r.ate damal.!c. 

The concentration of :~ppro.\imatcly ISO events 30-40 km !>llUth­
'>OUthwest of Chama i!> the site uf m Vado and Hcmn rc:\1!1'\'Uir\, Nearly 
two· thirds of the event~ occurred in I 1JK:!. although ~ome l>ci~mic :&c· 
ti\'ity hus occurred there e\'ery yeur. The: large~t ma~tnitudc recorded 
wu:. M, .... 1.7 (m,.• 3.H). Thill 11111)' be a case of re~ervoir·indueed !>l!i!l• 
micity tRISl in which tectonic ~tre~!> i!i bt:ing rc:lc:u~cd prenuuurely by 
citht:r the weight of the re~ervoir nr thl! production of abnomally high 
rorc·lluid pre~~urc. In cnntr.s\t. the: nearby t\biquiu rc~c:rvoir un the 
nonh side of the Jemez Mountain!> due:~ not manife~t an abnornlallc\·cl 
of sebmicity. pc:rhup\ bt:cuu~c: IC\!1 tectonic stres!> .:xi~t!l there: U!l c\'i· 
\lc:m:ed by low.:r ~ei!>mic ucti\•ity in itCnerJI north of the Jc:me1. ~1uun· 
tain ... 

J~mel \'oll.'unlc Llnc:umc:nt 
AI the !lOUth end of the: Nacimiento sei!lmlc ... one the trend ur e('i· 

ccnte~ turns to the southwest and is eoinl:idcnt with (ul leust as fur II!\ 
GrJnl\)thc: Jemez volcanic lineament !Mavo, 19~KJ, a line of C'IIN!Ii\'C 
l'olcunlc\. Nc:ur Gr.Jnh, ha~alb ~~~young.,; 1.000 year. INichub, I'J4tiJ 
are vhiblc along lnter.rutc: ~0. Th..: lineament inter~ect!l the weM !>ide 
nt' the Rio Grnndc rift at the Jcm.:z Muuntain~. On the eust side of the: 
rift. the lineament continues nonhcastwurd, but i~ ull'sct 111 thc snuth 
a.~ thou~h some north-suuth right·lutc:ral di!~placement hu~ occurred 
ulong the rift. Wh.:rc the lineament meets the southwc~t edge nf the 
Jemez Mountains, the ~ei,micit)' lie' on the Sun Diego fault nc11r Jemez 
Sprinj:s. The Sun Diego fault i!. colinetlt with the sourhwcM port inn of 
the lineament. which 'u~g~~~~ u correlation between volcanism, fault· 
mg. und o;ci~micity. 

\'t!lurde lo"uult 
Nonhca~l of the Jemez Mountain~ sei~mlcity continue~ nurlhc:ast· 

ward, crilinear with the 'ei1>mic lone to the ~outhwc!>l. Here It folluw:. 
the tro~ce nf the Vclurt.le fault. c\tcndin~otthrnugh und tu the nonhclt'l 
uf Tuo!l. "111ill uctivlty is ~omcwhut Ill the nunh of the J.:mcz volcuniL: 
lineament un thi' ~idt: ul' the rift. There i~ a cum:cntmtion nf event!~ 
nurthwcM or E11panola where the Velarde fuult ('rnjccts lo the PujariiLl 
fa~lt lone, llnt.l th.: nonheu'l trend of l!('icenter. Cfll\!les unothcr trend 
uru:ntcd nunh-!IUUth. This un:u of ~-=ismicity, which lies about ~~ km 
nunh of Los Alumus. hu~ bcen the 1>ite uf eanhquakcs felt ~cnc:rully 
thmu~othnut the Lth Alumu~-H\purinlu region, li•ur 11f them 'ince the 
tuwn of Los Alamos was c:stahli~hcd in the curly 1940'~. One 111:currell 
1n IIJ~~. two in 1971. and une in 1'173. Alluf these oc:currcll 11c:f'nrc 
the e\lablishmcnt uf tlu: LASN, and. thercfun:. the c:piccntc:~ urc not 
prc~iscly known. The llrst two may have hc:cn \'cry ncur Los Ahrmus, 
whtle thc lust twu urc: e~tim.Jtc:d to huvc uccurrcll abt1111 :!5 km nurth 
o~ there. '11u: sc:i~mic:ity ulunj! the Velarde: fuulr und that ulunj:thc: Sun 
Dtcgn fuult are !IC:J'ar.lled hy the uscbmic rc:giun uf the Jcmc1. culu.:rm •• 

l,ujurho Fuult Zone und th~ t:~puiiulu Unsln 
The Pajurito fuult, a rnujur wnical utT~ct duwnthruwn to the eu~t. 

~~cur.. un the L!ll\1 side or tht: Jemez Muumuins just WCM Ill' Lu' t\ltunus. 
I he fault olhch the llundc:lier Tulf JIKJ-1 SO 111 at Lm Alamns I Built:)' 

"' .J.. 
q 
lr[ 

and Smith. 197M). Oc~pitc: it11 rcl:lliwly recent age :md signilicanr dil· 
placement. the Pajarito l'uult wus nut very active ncar and sourh of l.:o~ 
Alamos in the IO·yeur pc:rioo or cu\·ero~ge in Figure 2. Thill observutloil 
mu~t be uccom('anied by caution, bccau!lc 10 years is an extrc:mc:Jy 
~hun interval for dr.twing cunclu~iun" about ab,olutc levels or sc!i:t­
mieity. Nonh of Lull Alamo!~ rhc: (>ajarito fault lone bt:comes qullc 
acti\'C. Thi' acti\'ity b pan of a band of epicenters that runs from,lin 
area nunhe:&~lof Abiquiu almu't due !luuthward along tht: center of tJk: 
Velarde r:rahl:n in the E~puilnla Ba!lin !Manley. 1979) and on to the 
TijcrJ~ Canyon cast l,f t\lbuquc:rqu.:. Frum there the seismic tr.:nd tums 
w.:,tward through r\lhuquerquc to the \'Lllcanuc:s on the city\ Wdt 
MC!III. 

t\lhuqucrquc \'nlcunoes 
In 197K-J979. u 'warm of appruximatt:ly 160 ~mull cunhquake1o 

uccurred ncar the volcanlll!s on AlbUIJUerquc'!l Wc!lt Mc:S:&, A few events 
~till occur thcn:. hut IJS% occurred within a period of 15 munth!l. The 
largest recorded magnitude was M,. =:! . .&em.= 3.6), This activity and 
that alonglhe Jem.:z vull:unic lineam.:nt !IUl!J.!elltthut volcani!lm·induced 
stresses ure still occurrin~:~ in thc~e regions. t\ detailed invcsti~:~urion or 
tht: !lwarnt i!l repnrted by Jakshu etul. 1197K). 

Gft:NERAJ. DISCUSSION 
lnfurntation about earthquake!> that occurred in New Mexico before 

IIJ6:! is quite ~kc:tchy. The li~t high·mugniticutinn seismograph in the 
\late was inMallcd at Albuquerque in 1959. The World·wide Seismo­
gr.lph Station Network rWWSSN) wa" begun in the curly 1960"lo and 
included u ~tation in AlhuqucriJUC installed in 1961. New Mexico In· 
!ltitutc of Mining and Te.:hntllugy inMalled another one at Socorro in 
1962. Before then, the only n:pun" of New Mexico eunhquukes wen: 
from people who expcri.:nced the ctl'ects. Such reports arc subject to 
the imuginution of the: rc:poner and tend toward cxaggcr:uion and mls· 
interprc:uation of ob!len·atinn,, Often eal1hquukcl> large: enough to be 
felt go completely unnoticed, or ut lcust unreponc:d, if thcy occ:ur in 
an area where the ptlpulution dcn~tity i!l low. Even when reponed from 
lnw·population regions, cstimutcs of the e('icentcr locutions can bt: in 
error by many kilometers. 

The sci!lmic history of N..:w Mexico includes seveml ennhquakcs thut 
caused moderate dumuj:c und frcqucnt events that were felt loc:ally. 
Eunhquakc!i that have cuu~c:d moderate damugc include thu~c: at Socorro 
in 1906 (Reid, 191 I; Sanford. l11h3l. Cerrillos in t91K IOI!icn, 1979), 
and Dulce In l\l66 !Cu~h. 1971: Hermance ct al .• 19K0), Eunh'luukes 
have ~en felt in almoM all pan~ nf the state, but mo~tuftcn ulung the 
Rio Grande: River. in pan due to the hi~_:hcr population density there 
tNorthru[l, IY76, IIJK~). That no tremor has bt:cn severe i~ nut sur· 
pri~inj!. Very strong shock~ u~ually oc:cur in ~ubduction zones, ali in 
Jupun, Alaska, und South America. ur on lung tran~fom htrikc-slip) 
faults such us fllUnd alungthe Sun Andreu~ fault ~ystem in California. 
St:\'erc ~hL'II:ks nrc much les!> cummon in area!> or extensional tectonics, 
wh~rc nonnal dlp-slil' and ~hun transfonn faulting rreduminatc. The 
Rio Grandi! rift ill un cxamrlc of exlen~iunul tccronics in a gencr:&lly 
eaM-WC!>I direction. ulthnuj:h ~ume 'ltracturul cviLI~:ncc elli!ol!l for strike:­
~ lip dl!oplucemcnt purallcltuthc rift. i.e .• approximately nonh-~outh. 

Although New Mexico'!> level ur ubserwd sci~mic:ity i~ only about 
5-10% that uf highly uclivc areas ofCllliforniu,the potential for seismic 
dl!>ustcr exlsb. 111c LASN wu!l c:~tuhlbhed by th.: Los Alumn~ Nutionul 
LatM1rt1tnry in I1J73 tu uddres!> the sci~mic·halard quest inn and to pursue 
re!>eurch on the local structure ~tnLI te~o:tunic!>. There un: currently IS 
'tutlons In the nct~urk. Abt1UI the 'ltlmc time. the U.S. Gc:ulngical 
Survey (Albuquerque Sdsrnulugi~.:ul Lahor:&toryl lnMull~:d a network of 
'leistnogruphs tu the !lOUth of the L.us Alamo\ network. These two 
nclwurk., and lhc: New Me,.icn Institute nf Mlnin~ and Tcchnulncy 
sciMnugruph!l provide c:"ccllc:nt cuvcrage of the Kin Grande rift reJliQn 
uf New Mexico rrum south of Stll:orro tu the Colorado bnrd~o:r. The 
llm:c inslltulinn~ cuntinuc frci.Juent exchange uf pc:l1inent llci,mic: datu. 

Rt:MAIU\S ON Till-: l>i\Ti\ 
l .. ns Altllllll!> puhllshe., a ~juanerly c:utulnlt containinttll li~t of eunh· 

quake:' and a 'leiMniclty map (!Icc, fllr e"llllJ'Ic, Ca~>h et ul .. I9K3) . 



Figure 2 ill u plot uf ull evcnh li~ted in the cut:llog' fnr the pcriud 
September 1973 through D~:ccmbcr 11JK3. We believe that ver)' few 
non-eanhquake events arc included. Careful cffun ha~ been devoted 111 
locuting the 5ourcc:~ that urc c.\plo,iun' proouc:cu hy minin,: uruJ c:un· 
struction activitie!l. Other man·made event~. \Uch a~ 'nnic huum~ frnrn 
~upc:rsonh: aircraft, arc rcadil)• iduntiliablc b)' thu character nf their 
sei5mlc signul or by their rehlliw time of arrivul ucrm~ the nctwnrl;. 

The accunu:y of epicenter locution~ varies widely, dcpcndcnt on the 
number and proximity or 'ci~rno11r•tph \t:.ttion!l. We hdicvc that cpi· 
centers or events large unoush to be recorded at live or more 'rurion' 
and located within the network ure determined correctly within 3 krn. 
Becuu~e of this unccnuinty, uuc:mpr~ aru u~ually nm mud~: tn as,llCiate 
a specific event with a !ipccitic fault. Uut where trend' of event!~ cun 
be seen to lie on or near u fuult or fault zone, the c:orrelution become~ 
credible und is included in the di~cus!lion in this paper. Because of low 
station density and complex vulocity structure. few depth~ aru well 
determined. Depth calculations arc much more su!iCcptiblu to fXlnr ve­
locity control than epicenters. Evc:nb who~c: depth~ are rcliahly deter· 
mined W'C usually shallow, i.e .. le~~ than 10 km und often bctw~:c:n 0.5 
and S.O km. 

Magnitude i~ determined from the measured dur.stion uf each event, 
defined as the time interval from the: arrival of the fiN 11 wave until 
the si~nul level drops to the level of the bact.:gmuml noise. The fllnnula 
we derived ror this purpmc h 

ML "" ~.79 Jog T- 3.63 

where T i~ the event dur.llinn in \Ccond~ and log is the common log­
:uithm (base 10). The fomtula wa\ obtained by correlating the dur.nion 
of local events with the value of M~ calculated from records of the 
~tundard Wood-Anderson torsion seismometers at the WWSSN station, 
ALQ. in Albuquerque:. It is therefore nominally the ~ume mat!nitudc: 
seale D.S the local m:sgnitude scale derived by C. R. Richter for usc: in 
California. Our values of M~ compare very well with tho!oC publish~:d 
by the U.S. Geological Sur.·cy for c:anhquakes occurrin!! in New Me\· 
ic:o and Arizona. 
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