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OOICLUSICXI 

teveltaa data collected tD Laa Veaaa Valley are co.patib1e with tbe tDter

pretation that oaaotaa 1aad-aurface diaplac ... nta related to around-water with

drawal uy be precureory to fault offaet of the 1aad aurface. Zcmea of potential 

faultinl tDteraect reaiou of tDteaee urban developllellt. The ••area of ruk aad 

the potential ecoaaaic conaequencaa froa poaaible aurface faultiaa caaaot be 

aaaeaaed adequately without a44iti0Dal data ud ualyaia of the relation between 

aurface faulttaa ud around-water withdrawal. 

Introduction 

A· relation between ue:laaic (DODearthquaka) aurface faulttDa ud around

water withdrawal froa alluvial buiaa baa been auuuted or iaplied by UDJ tD

veatiaatora. ZX..,lea of aucu faulttDa occur 1D Califoznia (Church and othera, 

1974; Holzer, 1977; loaera, 1967) ud Mezico (G. 1. Ptaueroa Veaa, oral c~., 

1977). In addition to aurface faulttaa tD alluvial buiDa, ao.e faultiD& 1D the 

Teua Gulf Coaat baa bea attributed to arOUDCJ-vater withdrawal (Xreitler, 1977; 

Vu Siclen, 1967). The principal widace cited 1D aupport of auch a relation 

1a the teaporal aDd areal uaociation of auch faultinl with around-water with

dr•al. Thia ueociation, of courae, dou not preclude the poaaibility that 

faulttaa cauaed by tectonic atruau baa occurred cont..,oraaeoualy with around

water withdrawal 1D the arua cited. llowever • Holzer • Davia • aDd Lofara (1977 • 

and unpub. data, 1977) ·hav, da.ou·trated that aoderD offaet on the Picacho 

fault, a tectonic fault 1D aouth-central Arizona, wu related to around-water 

withdrawal. Their reaulta aad the other obaervatiou augeat that when water 

levela in faulted alluvial butDa drop aipificutly, aurface faulttaa uy develop. 
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IAYeU.aa data collected near the Picacho fault vera auffici•t to i.Dfer 

tha aurficial diaplac--ta that precedad fonation of the fault acarp (T. J.. 

Bolaer, 8. I. Davia, aiMI I. I. J.ofar•, UDpub. uta, 1977). The pri.Dcipal 

baaia for recoanition of a potential for aurface faulttaa 1D taa v.... Vall., 

i.e a a1ailarity between the i.Dferrad diaplac-.ata that vera precuraory to aur

face faultiaa iD aouth-c•tral Ariacma ad aD i.DterpretatiOD of l.veliD& Uta 

collected 1D J.aa Vaau Valley. Thia report doc•eata thia cc.pariaon ad con

clude• that auttaa or conti.Dued decli.Da of aroUIUI-vater lwala 1D taa v .... 

Valley aipt i.Dduce aurface faulttaa 1D certaiD urbaDiaecl parte of J.aa Veau 

Valley. 

The potential for d-ae to eqi.Deered atructuru 1D taa Vepa Valley froa 

fault offaet i.e ailllificat. D .... e would depnd 1D part on the ..ount of fault 

offaet. The he1Jbt of t._e fault acarp iDVeatipted 1D Ariacma ia approxiaately 

1. 6 feet (0. S •ter). leiahta of other .oclem acarpa auapectad to be relatad to 

around-water pu.ptaa ranae froa O.S foot (0.2 aeter) to aore thaD 2.3 feet (0.7 

aeter) (Holzer • 1977 • and UDpub. Uta) • All theae acarpa haYe i.Dcreaaad iD 

heiaht by alow creep rather tha by audda aoveMDt. If faultiaa related to 

around-vateT vithdraval in J.aa Veau Valley ~re to procead by alow creepi.Da 

aov-.nt, reaedial Muurea for lona-tera aai.Dtenance of eoae eqi.Daerad atruc

turea • ncb u hiahvaya and utilitiu aiaht be econ.tcal ad faaaible. However, 

build iDa• could be aradually vaakenad to the poi.Dt of collapae • aa• li.Du could 

rupture, ad live• could be endanaered vith little vamiaa. Slow aoveMDt durtaa 

the early ataa• of foraatioD of the fault acarp ca be cODfuaed vith localized 

foundation aettl•ent and recoanition of the real prof»l• lliaht be delayed or 

obacured. 
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Biatorx of Land Subaideace aDd CrOUDd Rupture in Laa V!l!a Vall!! 

Land aubaidence 1D Laa Vapa Valley related to decline of arouad-vatar levala 

baa been docUMDtad by Mny tnvaatiptora (nc..aico and otbara, 1966; Harrill, 

1976; Lonpell, 1960; Malllbera, 1964; IUDdltna and 11 ... , 1974; lapbaal, 1954). 

Water levala have locally declined .ora thaD 180 faet (55 •tara) (Barrill, 1976). 

the uxtau. aubaidenca that cen be docUMAted by level aurvaya 1a 2.96 feat (0.90 

Mter). tha upitude of lad aubaidanca baa been 1Dcreaa1Da ataadily aiDe• it 

vu firat doc\llellted with tha 194G-41 ralavaltna. The confipration of aubaid

eace contoura baa cbaA&ad with tiM 1A ruponaa to cbaJlau 1D tha diatribution of 

puap1Jla ceatera and their aaaociated vater-leval decliAu. A detailed 1Atarpra

tation of the biatorical evolution of the aubaidanca bowl 1a thwarted by the 

areal diatribution of bench Mrka. IDterpretationa of aubaideace before 1963 

were baaed on two aurvey Uau that croaaad Laa Vapa. The network vu axpaDdad 

1D the Laa Veaaa area 1D 1963 and vu reaurveyed ill 1972. Tvo interpretationa of 

chana•• of elevation fr011 1963 to 1972 baaed on thue aurvaya are ahovn 1D Fiaurea 

1 and 2. The auiaua decline of water level durtna thia period vaa approx1aataly 

100 feet (30 aetera) (Harrill, 1976, fia. 13) • . 

In the late 1950'• and 1960'•• aeveral earth fiaaurea or larae teDaion cracka 

developed near two water-vall fielda ill Laa Vepa Valley (Doaenico and otbara, 

1964). lecauae of the proxtaity of the earth fiaaurea to tha vall fielda and the 

previoua aaaociati911 of earth fiaaurea with aubatantial water withdravala 1D Ariz

ona, the fiaaurea 1D Laa Veaaa Valley were aaa ... d to be related to around-water 

puapina. Since theae fiaaurea developed, the nuaber of fiaaurea and aiae of the 

area affected by th• have illcreaaed. The tera earth fiaaure 1a uaed here to 

characterize around rupture ill which aov...at of adjacent blocka ia perpendicular 

to the failure plana, typically reaultiD& 1D a lara• opeD crack. Thia relative 
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diaplac••t diatiDpiahu earth fianna froa faulta, which are arowut rupturu 

ill which ..,..._t of acljacat blocu ia predoailwltly parallel to the &OM of 

failure. Ill aaeral, thue two typu of around rupture occur aeparately, with 

few euaplea of trauitiou betvea th•· Ollly one earth fiaaun ill Lu Veau 

Valley, which fonacl ill 1961, 1a reported to have .hacl vertical offaet (Johuoa 

Drillera' Joumal, 1962). Moat fianru, after opataa, appear to bee-. ill

active. Paulta, by coatrut, typically r-iD active ner aayyeara. Of poaai

ble relevance to Lu Veaa• Valley ia the occurreDce of earth fiaaurea areally aa

aociated with the Picacho fault. ID addition, an earth fianre vith DO vertical 

offaet and coiDcideot vith a portioD of the aubaenuat fault trace fonacl 12 

yure before faultiDa beaa. If faulta aDCl earth fiaauru aaaociated with arowuJ

vater vith.traval are aechaDically related, the iller ... • ill occurreace of earth 

fi•aure• ill Lu Veaa• •iDee 1970 (1.. Patt, oral ~., 1976) could be very ata .. 

Dificaat with reprd to potential for faultiq there. 

Sw.ary of PertiDent Aapecta of raultinJ ill South-catral Ariaou 

Holzer, Davia, aad tofarea (uapub. data) doCUMDt .odem fault offaet raaataa 

froa leaa thaD 1 foot (0.3 •ter) to 110re thaD 2 feet (0.6 aeter) iD Arizoaa re

lated to aroUDd-vater vitbdr ... l. The fault acarp pre•ently ia 9.5 aile• (15.3 

1dla.etera) loq. The heiaht of the acarp baa beea iDcreutaa aiDce it beaaD to 

develop ill 1961 by alov creep. l.eaulta fr011 preciae level aurvey• aero•• the fault 

iDdicate that a aarrov zone of differeotial aubaidence created a aonocliDal flexure 

of the laDCI •urface before aurface faultilla occurred (Pia. 3). OVer approzt.ately 

a Dille-year period, fr011 1952 to 1961, the flexure affected aa aru approxilaately 

1000 feet (300 •tera) vide aDCl produced relief of aore thaD 1.0 foot (0.32 Mter). 

lecoaatructioaa of topoaraphy ba•ed on beach aarka utabliahed in 1964 da.oDatrate 

the prueace of the flexure. They alao ahov that arowth of the fault acarp bu 

bea prt.arily by traaaforaatioa of the flexure iDto aurface rupture. 
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A prel~r, iDterpretatioD baaed oa recent (Sept.-ber 1977) ezploratory 

clr11U.q acljaceat to the Picacho fault 1D Ariaou iDclicatu that the IIOCiem aur

face faultiDI coiDciclu with a prea1at1Daaorul fault of tectoaic ortaiD. 

lfoclem offaet 1a 1D the .- aeue aa the prehiatoric aeoloaic offaet. Depth to 

beclrock at the fault 1a approdMtely 1000 feet (300 .. ten). Prehiatoric fault 

offaet hae cauaecl the alluviua to be approzt.ately 100 feet (30 .. tera) thicker 

oa the clonthron aicle of the fault. ln aclclitiGG • uutrOD lop froa the tut 

bolea iDclicate that the top of the aoae of eaturat10D 1a 110 feet (34 .. tera) 

cleeper Oil the clonthrow aicle of the fault than OD the upthron aide. The tut 

hole reaulta • when cOIIbiDecl with the analyaia of aeocletic clata • !Delicate that 

local clifferential co.pactioa acroaa a preeziatiDI fault baa cauaecl the .actem 

aurface faultiq near Picacho. 

eoaeariaon of Lea Veau Vallg with South-central Ariaou 

RecopitiOD of the potential for aurface faultiDI 1D Lea Veaaa ia pr1Dci

pally baaecl Oil the 1Dterpretat10D that localiaecl aonea of cl1ffernt1al aubaicl

ence have forucl acroaa preeziatiq faulta 1D a -.aner at.ilar to th~ clevelop

Mnt of the aODe that prececlecl the faultiDI 1D aouth-c:entral Arizona. The evi

clence for localizecl cliffereatial aubaiclence 1D Lea v .. aa Valley ia revievecl be-

low, and the 1Dferrecl auloay betveea the cliaplac ... ta prececliDI faultiq 1D 

Arizona aDcl the onaotaa cliaplac .. eata ill Lea Ve ... ia cleacribecl. 

Interpretationa of aubaicleace froa 1963 to 1972, the period with the clenaeat 

coverqe of beach urb,by Harrill (1976) acl IUDclliq and ll1111e (1974) are ahovn 

1D Pipru 1 acl 2, reapectively. Two narrow linear aonea of clifferential aub

aiclence were uppecl - a aorth-trenclma aone ill the eaat part of T. 20 8. • 

R. 61 1. (Pta. 1), aDcl a aorth-nortbveat-trencliq zone ill the eaat part of Tpa. 

20 acl 21 s., R.60B., the vutem aaraill of the •ubaiclence bowl (Pia. 1). In 
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addition, three .. xi .. of subsidence were aapped by Harrill (Pig. 1). The north-

trendina zone of differential subsidence in the east part ofT. 20 s., a. 61 B. 

coincides with a geolosic fault (Fig. 1), downthrovn to the e&Bt, orisinally 

upped by Maxey and Jameson (1948). Domenico, Stephenson, and Maxey (1964) iden

tified .ore than 100 feet (30 meters) of fault offset of atratisrapbic units 

across this fault. The interpretation of a relatively narrow zone of differential 

subsidence is credible because it is baaed on adequate levelins data. Projection 

of leveling data from bench marks on Bonanza Road and Lake Mead Boulevard (See 

Fig. 2 for location) into a single east-west profile (Fis. 4A) shows the zone of 

differential subsidence in T. 20 S., R. 61 E. mapped by Harrill (1976) and Mind

liDS and Blume (1974), although the width of the zone of differential subsidence 

aa ahovn in Figure 4A ia seriously distorted by the offset in the profile. The 

decrease of subsidence from 1963 to 1972 between bench aarks 1169 and Vl70 (See 

Fig. 1 for location), which are on opposite aides of the aeologic fault mapped 

by Maxey and Jameson (1948), is 0.819 foot (0.250 meter). It is important to 

note that the levelins data indicate a lowering of the ground surface !!!! of .., 
the fault. Thus, differential surface movement is in an opposite sense relative 

to prehistoric fault movement. The zone of differential subsidence alons the 

western boundary of the subsidence bowl ia more conjectural because the levelins 

data are sparse. The principal evidence for a zone of localized differential 

subsidence is based on relevelins of bench marks on Charleston Boulevard, the 

north boundary ofT. 21 S., R. 60 E. (Fis. 1). A zone of localized differential 

subsidence in the profile baaed on these bench marks ia coincident with a seolosic 

fault, dovnthrovn to the east, mapped by Maxey and Jameson (1948) (Fig. 4B). In 

this case subsidence of the surface and prehistoric fault movement both resulted 

in downward surface movement east of the fault. The three maxt.a of subsidence 

interpreted by Harrill (Fig. 1) are associated with pumping centers and presumably 

are related principally to localized maxima in water-level declines. 

6 
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The interpretation that a zone of differential subsidence resultina in a 

narrow .onoclinal flexure preceded surface faulting in Arizona is baaed on surveys 

of bench marks spaced much more closely than bench marks in Las Veaaa Valley. 

Results baaed on leveling of comparably spaced bench marks froa both Las Vegas 

Valley and Arizona, however, can be compared. In Figure 4 the two profiles of 

subsidence from Las Vegas Valley (Pigs. 4A and 4B) are compared to a profile from 

Arizona (lig. 4C). The profile from Arizona is baaed on leveling data collected 

durina the period when the pre-fault flexure developed. Subsidence before 1963 

along the two profiles from Las Vegas Valley cannot be directly evaluated because 

moat of the bench marks on which the profiles are baaed were established in 1963. 

The history of development of the zone of differential subsidence shown in Figure 

4A, however, can be inferred by use of other bench marks and compared with the 

history of the differential subsidence associated with the fault in Arizona. 

Figure 5 shows the history of the subsidence of bench marks Ll69 and Kl69 rela

tive to bench marks Q315 and Z314, respectively, near the downtown area of Las 

Veaas (See Pig. 1 for location). Bench mark Ll69 is 10,300 feet (3140 meters) 

from Q315, and bench mark Kl69 is 8,000 feet (2,440 meters) from Z314. The p~s 

of bench marks presumably were established after the differential subsidence had 

already begun. Both pairs of bench marks span the geologic fault mapped by Maxey 

and Jameson (1948) (Fig. 5, map insert). Differential subsidence of bench mark 

Kl69 relative to Z314 in excess of 2 feet (0.6 meter) has been observed over 23 

years. Figure 6 is a record of the differential subsidence from 1948 to 1977 of 

bench mark F279 relative to G279, two bench marks that are 7,090 feet (2,160 

meters) apart and on opposite sides of the modern fault in Arizona. Subsidence 

in the vicinity of the fault before 1948 was negligible (T. L. Holzer, S. N. Davia, 

and B. E. Lofgren, unpub. data, 1977). The fault scarp began to develop in 1961 

after bench mark F279 had subsided approximately 1.0 foot (0.3 meter) relative to 

bench mark G279 over 9 to 13 years. Modern displacement is down on the northwest 

aide of the fault, consistent with preexisting displacement. 
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DiacuaiOD 

luulta froa Ariaoaa ilulicate that differeDtial aubaideace over a narrow 

&ODe caa be precuraory to eurface faultilla caued by arouad-vater withdrawal. In 

••t field aituatiODe, illcludilll Laa v .... Valley, the diatributiOD of bench urb 

ia illedequate to delineate euch ._.. clearly &Dd to diatillauiah th.. froa broad 

&ODea of differeDtial nbaideDce. S..eral aapecta of the field aituatiOD ill tu 

Vepa Valley. however. ilulicate that •nitorua of wrface diaplac--ta ill at 

leut ne area ia Deeded. rirat, the diatributiOD of bench Mrb ill thie area, 

the north-treDdilla &ODe of differeDtial wbaU...Ce ill t. ·20 ·s. • 1.. 61·1., u ade

quate to aupport a interpretation that differeDtial aubaideDce uy be occurrua 

over a relatively narrow aone. The upitude of the differential aubaidace ia 

coaparable to aDd •Y aceed that which occurred ill Ariana, althouah the width 

of the aone canot be precuely detenilled with aiatua bach urb. Secnd, 

the zone of differential aubaidace ill T. · 2~ ·1., 1.. ·61 I. iD Las Veaae coincide• 

with a aeoloaic fault, u did the aone of differential aubaidace that preceded 

aurface faultina ill Ariana. ADd third, the &ODe of potential aurface faultiq 

cuta throuah a heavily urbaniaed area ao that a ailllificaat t.p&ct on aiatiDI 

eqiuered atructurea ia likely if faul tiD& were to occur. 

In additin to thia apecific concern, the aaeral ezperience with faulted 

alluvial builla UDderaoiDa aubatatial water-level decline• 18 pertillat. Aa 

noted iD the iDtroductiOD, obaervatiou iD th .. e baaiDa indicate that there ia 

a potential for aurface faulttDa related to arouod-vater develo,.ent. lecaue 

Laa Veau Valley ia cut by aeveral faulta, .oeitorilla of nrface diaplace.enta 

near the•e fault• ia needed if the potential for nrface faultiDa in taa Veaa• 

ia to be evaluated. 
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Figure 1. 

Figure 2. 

Figure 3. 

ILLUSTRATIONS 

Preexisting fault traces and land subsidence, 1963-72, interpreted 

by Harrill (1976). Identified bench marks are referred to in text. 

Land subsidence, 1963-72, interpreted by Mindling and Blume (1974). 

Interpretive subsidence profiles from 1948 to 1977 across the 

Picacho fault in Arizona (T. L. Holzer, s. N. Davis, and B. E. 

Lofgren, unpub. data, 1977). Note flexure before formation of 

fault scarp in 1961. (One meter is approximately 3 feet). 

Figure 4. Subsidence profiles: A, Subsidence from 1963 to 1972 along 
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Bonanza Road and Lake Mead Boulevard in Las Vegas (See Fig. 2 for 

location). Lowering of the land surface west of the fault is opposite 

to that during prehistoric fault movement. B, Subsidence from 1963 

to 1972 along Charleston Boulevard relative to bench mark M367 (See 

Fig. 1 for location). Subsidence of M367 is approximately 0.1 foot 

(3 centimeters). The lowering of the land surface east of the fault 

is in the same sense as prehistoric fault movement. Note that the ., 

profile is from east to west to facilitate comparison with A and c. 

C, Subsidence from 1952 to 1960 along level line perpendicular to 

fault in south-central Arizona. Fault scarp developed in 1961 be

tween bench marks F279 and G279. The lowering of the land surface 

northwest of the fault is in the same sense as prehistoric fault 

movement. 

Figure S. Differential subsidence of bench marks Ll69 and K169 relative to 

bench marks Q315 and Z314 respectively in Las Vegas Valley. Map 

insert shows locations of bench marks and trace of preexisting 

fault from Harrill (1976). See Figure 1 for locations of bench 

marks in Las Vegas. 



Figure 6. Differential aubaidence of bench mark F279 relative to C279 in 

Arizona. Fault acarp began to develop in 1961. Map inaert ahova 

locationa of bench marta and trace of aodern fault acarp. Fault 

ia approxiaately parallel to linea of equal aubaidence. 

12 
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