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UNITED STATES 
DEPAR'IMENT OF '.!;'HE INTERIOR 

GEOLOGICAL SURVEY 
Technical Letter 

Crustal Studies~9 
February 8, 1963 

CRUSTAL STRUCTURE IN THE WESl'E!W UNI'l'El:> S'f'ATES: 

STUDY OF SEISMIC PROPAGATION PATHS AND REGIONAL TRAVELTOO~S 

IN THE CALIFORNIA-NEVADA REGION*' 

by 

J. C. Roller**, w. H. Jackson**, J. F. Cooper***, 

and B. A. Martina*** 

ABSWACT 

The u. S. Geological Survey, with t he a~sistance of United 

ElectroDynamics, Inc., completed ten weeks of seismic-refraction 

field work during the summer of 1962 in the southwestern part of 

the United States. This work was a continuation of a program 

initiated in 1961 to study traveltim.es and seismic propagation 

paths in the earth's crust and upper mantle in the western United 

States. A total of 761 seismograms were recorded along 10 profiles 

from 86 explosions at 18 shotpoints . 

Analysis of the data is continuing, but ~ few conclusions 

can be made from a preliminary study: 

(1) Variations in traveltimeq in the Basin and Range 

province are large but ~eas~aqle, and per~ps predictable. 

* Work perfo~ed under ARPA Order No. 193-62. 

** u. S. Geological Survey, Denver , Colorado. 

*** United ElectroDynamics 3 Inc., Pasadena, Ca~ifornia. 
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(2) Traveltimes of seismic waves in adjacent geologic 

provinces are usually significantly different. 

(3) The velocity of Pg along al~ of the profiles recorded in 

1962 ranges from 5.0 to 6. 5 km/sec, and averages 6.0 km/sec. 

(4) The average velocit y of Pg i n extreme northern Nevada and 

southern Idaho i s 5.6 km/ sec , and it is 6.1 km/sec in most of 

Nevada and California. 

(5) The average veloci t y of Pn is 7-9 km/sec and ranges from 

7.85 to 7.95 km/sec on rever sed profiles where the t rue Pn 

velocity could be computed. 

(6) A shallow "intermediate " layer with a velocity of 

approximately 6.8 km/sec was found in the Snake River Plain . 

(7) Refraction arrivals from the mant le (fn) were recorded 

in the Sierra Nevada. They indicate that the thickness of 

the crust in the Sierra Nevada i s much gre~ter than that in 

the Basin and Range province. 

(8) Many refinements in f ield t echni ques were made during 

the 1962 field season. 
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UNITED STATES 
DEPAR'IMENT OF THE IN~IOR 

GEOLOGICAL SURVEY 
Technical Letter 

Crustal Rtudie~-q 
February 8, 1963 

CRUSTAL S'IRUCTURE IN THEl WESTERN UNITED qTATES: 

STUDY OF SEISMIC PROPAGATION PATHS AND REGIONAL TRAVELTIMES 

IN 1~~ CALIFORNIA-NEVADA REGI ON* 

by 

J. C. Roller**, W. H. Jackson**, J. F. Cooper***, 

and B. A. Martina·*** 

INTRODUCTION 

General -- During September, October_, and November, 1961, the 

u. S. Geological Survey initiated a seismic-refraction survey in 

California and Nevada to study regional traveltimes and propagation 

paths of seismic waves in the crust and upper mantle of the earth 

in the western United States. The immediate ob j ectives of the 

program were related to the probl em of nuclear detection by a 

network of seismograph stations. During a 12-week's period, 10 

shotpoints were established near existing seismograph stations 

operated by the Air Force 'rechnical Applications Center, California 

Institute of Technology, and the U. S. Coast and Geodetic Survey, 

and refraction lines were r ecorded between these shotpoints . A 

total of 620 recordings were made from 76 explosions at 10 shotpoints . 

Results of this work have been presented in previous reports t o ~qPA . 

* Work performed under ARPA Order No . 193~62 . 

** U. S. Geological Survey, Denver , Color ado. 

*** United ElectroDynami cs , Inc ., Pasader~, California . 
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'Ihe program reported herein is a continuation of the work started 

in 1961. During the period June 6 to August 9, 1962, a total of 761 

recordings were obtained !rom 86 explosions at 18 shotpoints in 

California, Nevada, Arizona, Utah, and Idaho (Fig. 1). 

The work was accomplished by the Geological Survey and United 

ElectroDynamics, Inc.~ according t o u. s. Department of the Interior 

Contract Number 14-08-0001-'7634, dated June 29, 1961, modified on 

May 11, 1962. The 1962 program was sponsored by the Advanced Research 

Projects Agency of the Department of Defense as a part of the VELA 

UNIFORM program under ARPA Order No. 193-62, dated ,January 1, 1962. 

Program objectives and approach -- The program was designed to 

provide a more accurate and detailed knowledge of seismic propagation 

paths and regional traveltimes in t he crust and upper mantle of the 

earth than previously has been available. This knowledge is essential 

in calibrating the region to improve the accuracy with which epicenters 

and focal depths of «;!arthquak.es and underground-nuclear explosions can 

be determined. 

Conventional long-offset seismic~refraction methods were used to 

obtain seismic traveltime data along lines ranging in length from 150 

to 400 km. The network of lines was located to supplement information 

obtained during the 1961 field season and from nuclear explosions at 

the Nevada Test Site, and t o investigate particular phenomena an.d. 

problems on a regional or local basis, including the nature of first 

motion and the effects of geologic st~~cture and velocity anisotropy 

on traveltimes along these paths . 
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Figure 1,. ... - Shot..:point location and seismic profiles. 
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Management structure and operational procedures were similar to 

those followed during the 1961 season (Healy anq others, 1962); however, 

changes were made in the organizational ~tructure to facilitate the 

handling of data, to provide for a more detailed supervision in field 

and office personnel, and to expedite maintenance of equipment . 

ORGANIZATION AND OPERATIONS 

Field operations -- During the 1961 season the recording units 

were spaced 10 to 20 kilometers apart, and during t he 1962 season the 

recording units were spaced at 10 km or less; near the shotpoints t.he 

spacing was reduced to 5 km. The purpose of this change was to aid :i.n 

the correlation of secondary phases on seismograms. 

Along several of the long profiles an intermediate shotpoint was 

placed near the center of the profile. The purpose of these shot points 

was to provide a more accurate determinat ion Of the velocity of Pg, and 

to provide information on time delays caused by near-surface low-velocity 

material. 'lhe information recorded from the intermediate shotpoints 

will be used to correct for these near-surface variations in a marrGer 

similar to "weathering shots" recorded i n conventional seismic-explorat ion 

reflection work. 

During the 1961 field season the seismograms were collected at a 

central office in Pasadena, California, for processing. In general, 

one to two weeks was required before a preliminary evaluation of the 

data was made. During the 1962 field season a mobile field office was 

stationed in the general vicinity of the field crews. A courier was 
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employed to collect the data at the end of each day's work and turn 

it into the office. Here time-distance curves were plotted, and 

recommendations for additional work, repe~t work, changes in charge 

sizes, etc., were sent to the field supervisor within 24 to 48 hours 

after the seismograms were recorded. The data were then airmailed 

to the Denver office for final processing. This system proved to 

be very effective in controlling the field work and the quality of 

data. The field office also acted as a general headquar ters for 

telephone communications, personnel and supply problems, and map 

distribution. 

The recording sites were selected and marked by two-man crews 

prior to the recording-shooting operat ion on three profiles. These 

crews checked accessibility of each area, noise level, marked each 

site with flags, and made a sketch map for the recording-unit 

operator. Although this system facilitated the operation i n many 

cases, it is questionable whether the cost would justify this manner 

of site selection on a routine basis. Preselection of recording 

sites is advantageous in hazardous areas or in regions lacking good 

map coverage. 

Two additional seismic units were used to record very near 

the shotpoints (less than 10 km) . Information ob'tained by these 

units will be used to make shot-point time corrections caused by 

low-velocity material directly below the charge. 
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Organi zational structure -- Again in 1962 the u. S. Geological 

Survey contracted with Uni ted ElectroDynamics, Inc. (UED), to supply 

various geophysical-contract services to expedite the field work and 

to accompli sh t he overall objectives of t he pr ogram. Services 

supplied by UED i ncluded preliminary scouting of shot -point l ocations , 

cooperating with the Geological S~ey i n eff orts to secure shooting 

permits, a noise-analysis survey and selection of recor ding sites 

.along 3 lines , and personnel to operate five of t he r ecording systems . 

An important task as signed to UED was t hat of shot-point manage­

ment and operat ion. Their responsibilities i ncluded drilli ng shot 

holes, surveying, renting and operati.ng boats, acquiring explosives, 

loading and shooting charges, pr oviding insurance coverage, mainta in­

ing safety practices at t he shot points, scheduli ng shot s, cooperating 

with State and Federal agencies in t he evaluat ion of f i sh kill, 

arranging for st rong-motion studies on dams , br idges , etc . 

The f i eld operation was under the general supervisi on of either 

the Chi ef of the Branch of Crustal Studies, U. S. Geological Survey, 

or his assistant, one of whom was in the field at all times (Fig. 2 ) . 

Shooting, drilling, and other shot~point activities were supervised 

by the Assistant Project Manager ( UED ); recording and f i eld-data 

analysis wer e supervised by Geological SUrvey per sonnel . All field 

activit ies were coordinat ed by t he Project Manager (UED ) . He was 

responsible to t he Chief, Branch of Crustal Studies , f or t he 

accomplisl:unent of the overall objectives of the field program. 
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U. S. Geological Survey 
L. C. Pakiser, Program Chief 

D. J . Stuart , Asst . 

I 
Interpretation Pr oject Manager Seismic Labor atory 

J • . H. Heal y, Chief J. F. Cooper R. E. Warr i ck 
(USGS) (UED ) (USGS) 

I 
Recording Asst . Project Mgr. Field Data Analysi s 

w. H. Jacksonp Supvr. o. Strozier J. C. Roller, Supvr . 
. (USGS ) (UED ) (USGS) 

B. L. Tibbetts , Asst. B. Martina, Asst . 
(USGS) (UED) 

r 
5 Recording Units J 3 Shot~point Teams l f 3 Dr illing Units l 2 Computer s (USGS) 

(USGS) 2 Computers (UED) 
5 Recording Units 1 Courier (USGS) 

{UED) 

Figur e 2. ~= Organization chart for f i e.ld operations and interpretation. 



General operational summary -- The network of lines was arranged as 

shown in Figure 1. Shotpoints were located at the ends and near the 

centers of the lines at about 150- to 200-kilometer intervals. Charge 

sizes ranged from 2,000 to 129 000 pounds. Several small charges ranging 

from 50 to 200 pounds were fired to obtain detailed data near the 

shotpoints. The following points ar e particularly significant: 

(1) Ten lines of profiling were completed in t en weeks. 

(2) Natural bodies of water proved to be superior to drill holes 

as shotpoints, although the efficiency of several drilled-hole shotpoints 

was good. 

(3) Composition "B," recover ed u. S. Arrn:y explosive , proved to 

be completely satisfactory for use in underwat er shots. 

(4) Super Tovex Gel, a slurry explosive, used only exper imentally 

in 1961, proved to be satisfactory for use in drilled-hole shotpoints . 

A statistical summary of the operat ion is shown in Table 1. 

In general, the access and shooting permits were obtained without 

much difficulty, although the time allotted was inadequate for obtain~ 

ing all permits prior to the start of t he shooting program. As a 

consequence, the permitting program conti nued during the no1~l crustal~ 

recording program, and, on several occasions, necessitated the absence 

of the Operations Manager and/or the Assistant Operations Manager 

(engaged in the permitting activities) from immediate supervision of 

the shooting program. 
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Table 1 -- Summary of the .crustal-recording program 

Number of lake shot points 

Number of drilled-hole shot points 

Number of production days ( including 6 moving and 2 standby) 

Number of shots (production), includi ng 8 AEC 

Number of seism~grams obtainedb including 65 AEC 

Number of shot-point se :i..smograms obtained 

Number of miles of profile coverage 

Number of kilomet ers of subsurface coverage 

Total footage drilled 

Number of holes drilled 

Number of bits used 

Drilling mud used (lbs) 

Dynamite used (lbs) Composition B 
Other 

Primers used (lbs) 

Number of WWboosters used 

Number of detonators used 

Primacord used (feet) 

Number of vehicles on project 

Total vehicular miles 

11 

5 

13 

52 

826 

95 

1,909 

23,571 

145 

67 

31,152 

145,240 
313., 800 

7,773· 5 

808 

20, 050 

530,000 



There were no days lost in the scheduled shooting program directly 

attributable to the lack of a permit for a specific shotpoint 1 but there 

were instances in which a more expeditious shooting sequence could have 

been used had all permits been available. 

It is noteworthy t hat the disad.va.ntage of insufficient time for 

permitting was lar gely overcome by the cooperation of the individuals 

in charge of the agencies through which the permits were obtained 

(Table 2). Permits for the 18 shotpoints were obtained in less time 

and at less cost t:b..an the permits for the 10 shot points used d.uring 

the 1961 season. 

Shotpoint refraction recording -- Near~surface refraction data 

were obtained in the vicinity of the shot-point locations on the 

terminal ends of all lines by using two sets of truck-mounted seismic 

instruments, United Geophysical Corporation Model 1-44 (modi f i ed ) in 

conjunction with forty-eight geophones, ElectroTechnical Corporation 

Model EV 5-4 and EV S-4, having a natural frequency of 7-1/2 cps . 

Shot-instant recept ion and t-.ro-way voice communications with the 

shot-point trailer were accomplished with a KAAR Model 245 radio 

transceiver operating on a frequency of 3253 kc . Twenty-fi.ve~trace 

seismograms were obtained; traces 1 t hrough 24 recorded the refracti on 

data; trace 25 the shot~instant t ransmission from the shot-point 

trailer. 
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Shotpoint 

Barstow, Calif. 

Boise, Ida. 

Mountain City, Nev. 

China Lake, Calif. 

Elko, Nev. 

Eureka, Nev . 

Hiko, Nev. 

Kingman, Ariz. 

Lathrop Wells, Nev. 

Table 2 -- Shot-point permits 

Agency, and/or individual involved 

U. S. Bureau of Land Management 
River s i de , California 

Mr. Robert C. Salter, Acting Director 
Idaho Department of Fish and Game 
Boise[) Idaho 

Idaho Department of Highways 
Boise, Idaho 

Col. J. H. Beddow 
u. S. Corps of Engineers 
Walla Walla9 Washingt on 

u. s. Bureau of Reclam.at~ion 
Denver~ Colorado 

Mr. R. R. Chambers 
Mountain City, Nevada 

U. S. Forest Service 
Hwnboldt National Forest 
Mountain City~ Nevada 

Dr . Pierre St . Amand 
u. S. Naval Ordnance Test Station 
China Lake 9 Californi a 

Mr. Claire Whitlock, District Manager 
U. S. Bureau of Land Management 
Elko » Nevada 

Mr. Curtis McVee 9 District Ma.nager 
U. s. Buxeau of Land Management 
Elyp Nevada 

u. S. Bureau of Land Management 
Ely, Nevada 

U. S. Bureau of land Management 
Phoerl.i.x9 Arizona 

U. s. Bureau of Land Management 
Las Vegas, Nevada 
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Table 2 -- Sqot-point permits (Continued) 

Shotpoint 

Lida Junction, Nev. 

Ludlow, Calif. 

Lake Mead, Calif . 

Mojave, Calif. 

Navajo Lake, Utah 

Independence, Calif. 

Shasta Lake, Cali f. 

Agency, and/or individual involved 

u. S. Bureau of Land Management 
Las Vegas, Nevada 

U. S. Bureau of Land ~na.gement 
Riverside, California 

Mr. Char les A. Richey, SuperintelDld.eiDlt 
U. S. National Park Service 
Boulder City, Nevada 

U. S. Bu!'eau of Reclamat ion 
Boulder City.? Nevada 

Mr. Wayne Kirch 0 Cb..a.irman 
Nevada Fis and Game Commissi on 
Reno, Nevada 

Ar izona Fi.sh and Game Department 
Phoenix, Arizona 

u. S. Bureau of Land Management 
Sacramento~ California 

Califo:t"'aia Stat.e Fish and Game Commission 
Sacramento~ California 

U. S. Forest Service 
DiXie National Forest 
Cedar City, Utah 

u. S. Forest Service 
I:ey·o Ne.tional Forest 
Lone Pine, California 

Department of Wat er and Power 
City of Los Angeles 
Independence 3 California 

Mr. Felix Dashen 
U. s. Bureau of Reclamation 
Reddingp Califor nia 

u. S. Forest Service 
Shasta~Trinity National For est 
Redding, California 
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Table 2 Shot-point permits (Continued) 

Shot oint 

Shasta lake, Calif. 

C. J. Strike Reservoir, Ida. 

Nevada Test Site 

involved 

Mr. James Stokes, Director 
California Department of Fish and Game 
Redding, California 

Mr. H. R. Moore 
Idaho Power Company 
Boise, Idaho 

Mr. Robert c. Salter, Acting Director 
Idaho Department of Fish and Game 
Boise, Idaho 

Lt. Col. Edward G. Halligan 
Project O:perati.ons Officer 
U. S. Atom:i.c Energy Connnission 
las Vegas , Nevada 

Mr. W. S. Twenhofel 
u. s. Geological Survey 
Denver, Colorado 
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Explosives -- For the drilled-hole shotpoints, one or a combination 

of the following explosives was used: 

(1) Du Pont's "Nitramon WW1 " or Nitramex 2H1 packaged in metal 

cylinders without primer wells, which allowed preloading without 

deterioration, and almost eliminat ed t he possibility of desensitization 

by water leaks under excessive p:ressu.<re. The d:i.amet ers of the cylinders 

were 4-1/2 inches and 8 inches. 

(2) Du Pont 1 s Super Tovex Gel, a slurry-type explosive was used 

because of the desirable characteristic of compl et ely fill ing the 

shot-hole, thereby minimizing t he depth of hole r equired per unit charge. 

(3) DuPont's Pelletol, a granular high-density explosive used 

especially for filling the space bet ween met al-cylinder encased charges 

and the hole wall. 

(4) Assorted DuPont primers, boosters 3 detonator~and primacord, 

as required. For the lake shots , the following explos ives used were : 

(a) DuPont's "Nitramon WW." 

(b) A U. S. Army Ordnance surplus explosive "recovered." 

from obsolete ordnance, t ermed "Composition B." 

(c ) Du Pont' s primers , boostersp and detonators. 

Composition B was used in t he ·majorit y of· t he lake shots. 'Ihe 

Nitramon WW was the remnant from the 1961 shooting season. 

Composition B is classed as a high explosive (Class A). : . .JT.he ;lot 

used<.tJa.ithis program was composed of : 
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(1 ) 59· 5 percent RDX. 

(2) 39· 5 per cent TNT. 

(3) 1 percent wax. 

The explos i ve force of Composition B is considerably great er than 

t hat of straight TNT. Pre~publication reports from t he U. S. Coast & 

Geodetic Survey r epresentative who recorded all of the shots at lake 

Mead on instruments installed at Hoover Dam indicate that t he amplitude 

and displ acement of energy generated by Composition B i s appreciably 

gr eat er than th.a · of ·he Nitramon WW. 

The Composition B~ packaged in tin cubes measuring 9~1/2 inches 

on each side , was ob '·ained from t;he Naval Ammuni i on Depot 3 Ha:wthorne 3 

Nevada, and was a portion of the lot made available t o the u. S. 

Department of Interior by the Advanced Research Projects Agency» U. S. 

Department of Def ense. Transportat:i.on of the explosives from Hawthorne, 

Nevada, t o the shotpoint l ocations was arranged with var i ous commer~ial 

transport companies by the Du Pont; Company. 

Shot-point r enovation =~ Most of the dril.led.~hole shotpoints 

required consider abl e " clean~u;p " work aft er the shooting had been 

complet ed. In a few hol es i n which large teharges l"t..ad been f ired at 

r elatively shal low depths with inadequate stemming3 surface ~raters 

50 or 60 feet in diamet er r esulted. Charges of 6..,000 to 12,000 pmmds.? 

when properly stemmed, did not c· at er although 'he explosive force 

cracked the ground and raised mmx.11d.s which -vre:r.e sometimes 10 to 15 

f eet in height and 100 fee in diamet er. 
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In such areas of disturbed or damaged surface, heavy equipment 

such as tractor-blades or bulldozers was used to restore the disturbed 

zones as nearly as possible to their former condition. 

Fish-kill r esulting from lake s .ots --Table 3 shows the weights 

of dead game fi sh collected after large e:x:pl osi ve cfi..a:::-ges had bee 

fired in i nland bodi es of fresh water . The figures were furnished 

by the Stat e Fish and Game Departments. 

Table 3 -- Fish Kill 

Shot Point No . of Total Explosives Fish Kill 
Location shots Used ( Game-Fi.sh) 

Lake Mead 9 40~100 lbs . 287 . 5 1. s . 

Shasta Lake 4 21,.,000 lbs . 5'7 . 6 lbs . 

Lucky Peak 3 12,000 lbs . 119* lbs . 
Reservoir 

c. J. Strike 3 0, 000 lbs . 149* l bs . 
Reservoir 

Total game-fish kill 788-1/2 l bs . 

* est:i.ma.ted 

TIME-DIS~CE PROFILES 

The following sections of this r eport give ' he time-dis'te.n e 

profiles r ecorded during t he 1962 f ield season . Only the firs t 

arrivals have been used to construct t hese urves . The seismogram.s 

contain many secondary events, such as reflections , secondary 

refractions, arrivals from shear waves and converted w-aves; however , 

no att empt has been made to present these, because the evaluation of 
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secondary arrivals requires considerable time. The grading system 

of seismograms is the same as that of Healy and others (1962, p. IV.-38). 

Many seismograms were recorded that are not used in this 

preliminary summary. In general.., only seismograms that show t rue 

first arrivals ar e used . Many of the poorer seismogr ams will be 

used in lat er r eports on secondary events . Many of t hese poor er 

seismograms can be :i.mpr oved by magnet i c playbacks of the magne·ti c 

tape us ing selective f iltering. 

No attempt has been made to interpret the data in t erms of 

crustal structure in this r eport . 

Profiles between Lake Mead and Eureka - - The pr ofil e (Fig. 3) 

extends 387 km northward f r om Lake Mead, Nevada, t o Eureka, Nevada, 

with one intermediat e shotpoint 205 km nort h of Lake Mead near 

Hiko, Nevada . Lake Mead and Eureka are classifi ed as good shotpoin s 3 

and Hiko as a fair shot point . 

Lake Mead to Eur eka ~= The first arrivals on sixteen r ecor dings 

plot within ± 0. 3 sec of an apparent-vel ocity line of 6.2 km/sec 

out t o a distance of 180 km f ro..rn Lake Mead. Eigb:t of these recor<U ngs 

are classified as good~ six as fair.., and two as poor. Beyond 180 km.., 

eleven recordings plot within ± 0.2 sec of a line t hat repr esents 

an apparent veloci t y of 7.9 km/sec . Three of t hese recor dings are 

classified as good, s iX as fair, and 2 as poor. The pr obable error 

in the apparent velocit:i.es is not great er tha.n 0.1 km/sec . The 

qualit y of t he seismograms along this line is higher tha...r!. t he average 

r ecorded in t he California~Nevada region . 
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Eureka to Lake Mead -- An apparent velocity of 6.2 km/sec is 

defined south of Eureka for a distance of 173 km. The first 50 km 

of this line is very well defined by siX recordings of fair quality 

that show no appreciable scatter . Beyond 50 km to 173 km fir st 

arrivals can be p:i.cked on only t;hree recor di ngs , although ap:pr ox:i.mat ely 

fifteen recor dings wer e made wi i.;hi n t his int erv·al. This failu:r.e 'to 

record first arrivals was partly the result of poor tamping of a shot 

at Eureka. The r ecords in this interval show many secondary arri~alsp 

however. 

Beyond 173 km, moderatel y s·trong first arr i vals wer e r ecor ded 

on 11 records. Although these arriV'.als show consider able scatter, 

they appear to define two apparent velocities, 7.2 km/sec and 7·9 

km/sec . 

Three fair recordings in the distance range of 173 km t o 237 km 

define an apparent vel.oci t y of 7. 2 krn.. A mor e detai led study will be 

needed to determine if this is the result to an intermediat e crustal 

layer, or if it i s caused by scatter in the data. 

Int ermediate shotpoi nt at Hiko ~~ Four recordings to the north 

of Hiko (toward Eureka ) and 8 recor dings t o the south of Hiko (towar d 

Lake Mead) define an appar ent vel oci t y of 5.6 km/sec . This velocity 

is significantly lower t han t he Pg velocities for waves t r aveli ng 

from both Lake Mead and Eureka t oward Hiko. 
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Profiles bet ween Eureka and Mountain City -- This profile (Fig. 4) 

is an ext ension of the Lake Mead-Eureka profile. It extends northward 
-

259 km from Eureka, Nevada, to Mountain City, Nevada, with an 

intermediate shotpoi nt at Elko. The effici ency of all three of t hese 

shotpoints are classifi ed as good.. 

The pr ofiles from E'I.U'eka nor th rund Mounte.in Cit y south define a 

"normal" crust f or the California-Nevada r egion, showing a Pg velocity 

of near 6.0 kin/sec and a Pn vel ocity of 7. 9 km wit h no arrivals of 

intermediate veloci t y becoming fir st arrivals . The pr of ile north 

from Elko (toward Motmta:Lu City) shows a P g veloci y of near 6. 0 k:m./ se 

for a short distance , and then a velocity of 6.8 km/sec ext ending at 

least 300 km from the shotpoint . This line cr osses the boundary 

between the Basin and Range pr ovince and. the Snake River Pl ain :Lu. the 

vicinity of Mountain City. 

Eureka to Mountain Ci y == An apparent=velocity line of 5·9 km/ sec 

is well defined from eleven r ecordings of fair~to~good quality f r om 

the shotpoint t o a dist ance of 135 km. T'ne scat t er of the data al ong 

this section of the profile is small. Most points fall vtithilal 0 . 1 sec 

of the 5 .9~km/sec l ine. Beyond 135 kmp eleven points define a 

line of 7.9 km/sec . Seven r ecords fa.ll within 0.1 sec of thi s line)) 

and four r ecordings plot approximat el y 0.3 sec lat er than t he 

7.9 km/sec line. The recordings along this section of the pr ofile 

are of poor to fair qualit y . 
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Mountain City t o Eureka -- This profile is almost identical to 

the reversed section (Eureka t o Mountain City). The Pg and Pn 

veloci t ies on the two curves are exactly the same and the cross over 

distance is 133 km on this profile compared with 135 km on t he 

reversed profile. The Pg line with an apparent velocity of 5·9 km/sec 

is well defined by 12 recordings of good- to-fair quality, and ~~e 

Pn line of 7·9 .km/sec is well defined with 10 r ecordings of poor-to­

fair quality. 

Elko to Eureka ~~ An apparent P g velocit.y of 6.0 kiD./ sec is 

defined by 15 recordings that show very little scatter . Tnese 

records are good to fair in qualit y . 

Elko towards Mountain City -~ This profile was extended t o a 

total length of 300 km to the north in an at tempt to determine if 

the Pn velocity could be found as a first break. 

The profile shows an apparent velocity of 5·9 km/sec for a 

distance of 125 km that is defined by 13 recordings of good- to-fair 

quality. Beyond 125 km an apparent velocity of 6.85 km/sec is 

_defined by 18 recordings of poor-to-good quality. The discove:r.y of 
., 

this large change in t he velocity of the· c:e.ar,th :i'S:·~crustdls one .. of the 

major accomplishments of t he 1962 field season. 

Profiles between Mountain City and Boise - - These profiles 

(Fig. 5), like the profile from El.ko, show a complet ely diff er ent 

crustal structure from profiles i.n the Basi.n and Range province of 

California and Nevada. The four p:r.ofi.les show nea:r~su:rface velocities 
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that range from 5.0 km/sec t o 6.2 km/sec, and no Pn velocities, 

such as the 7.8 t o 8.0 km/sec vel ocity found on all the lines in the 

Bas in and Range provi nce. The t hiclmess of the "intermediate" layer 

(velocity of 6.8 km/sec) cannot be det ermined from the data presented 

i n this r eport; however 3 the Geolog:i.cal Su.rvey has recorded several 

nuclear expl osions in this region from t he Nevada Test Sit e which 

should resolve the crustal structure. 

Mountain City to Boise ~- A near-surface Pg velocity of 5.4 

km/sec is defined from t he shotpoint for a distance of 60 km by 5 

r ecor dings of fair quality . Beyolt!d 60 km t o Boise an apparent 

velocity of 6.8 km/sec is defi:o.ed by 11 recordi.ngs of poor - to=fair 

quality. The scatter in this data is quite large . 

Boise t o Mountain City ~- Three recordi ngs define an apparent 

velocity of approximately 5.0 km/sec from the Boise shotpoi:nt south 

for a distance of 40 km. Beyond 40 km t o a distance of 160 km~ a 

-6. 7 km/sec line is well defined by 18 r ecordings t hat fall within 

0. 2 sec of this line . 

Intermediate shotpoint at c. J . Strike Reservoir -- Four 

r ecordings of good quality north of C. J. Str ike Reservoir (toward 

Boise ) define a line with an appar ent velocity of 5.6 km/sec . Two 

r ecordings near Boise fall earlier than this linep indicating a 

change to a higher velocity. 

Eighteen poor~to=good r ecordings from c. J . Strike Reservoir 

south, fall close to a line with an apparent veloci ty of 6. 2 krn/sec 

for a distance of 185 km; however 3 ~?o offset lines 3 bot h with a 
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velocity of 5.9 km/sec, fit the data more closely. These data 

indicate that the structure of t he upper crust in this area is 

complex. 

Pr ofiles bet ween Mono Lake and Shasta Lake -~ This pr ofi le 

(Fig. 6), which crosses the Sierra Nevada, differs from the 

California= Nevada area profi. es in two s ignificant aspects . Firs·t 

the Pg velocity)) which averages 6.4 km/sec, is higher, and secondly, 

the Pg = Pn cross~over distance is much greater. Thi.s indicates a 

much thi cker cr.ast a ong this profile than t he average for the 

Basin and Rauge pr ov. nee. The efficie~cy of t he Shasta Lake 

shotpoint would be classed a s good to exce.Uent» and hat of t he 

Mono Lake shotpoin as good. No i ntermediate shotpoint s were 

occupied along thi s profil e . 

Shasta Lake t o Mono Lake ~= Twenty~one r ecordi.ngs define a 

Pg line with an apparent velocity of 6. 5 km/sec out to a distance 

of 260 km. The scatter in t he data t o 125 km is small; mos· of 

the recor dings fall within 0.1 sec of the 6. 5 km/sec line . The 

data along thi s part of the line are of good quality . Beyond 

125 km to the Pg ~ Pn cross~over at 260 km, the data show much 

more scatt er . These record.ings are of poor t o fair qual ity. 

From 260 km t o 405 km~ eight records of poor=to=fair quali ty 

define a Pn line wi han. apparent ve. o~ity of 7.9 km/sec . The 

scatter in the da·a is very small» wi. ·h five of the eight recordings 

falling on the line . 
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Mono lake t o Shasta lake - - From the Mono lake shotpoint f or 

a distance of 200 km an apparent -veloci ty line of 6.25 km/sec is 

defi ned by 17 good-to-fair recordings. The scatter in the data is 

small, as most recordings fall wit hin 0.2 sec of t he line . 

Beyond a distance of 200 km» a very poorly defined line is 

shown with a velo<Cit;y of 1· 8 km/ set~ . This ve.loci t y c m.lld be i n 

error because of the large scatter in the data. First arrivals 

could not be picked on the records beyond 300 kmp and the arrivals 

shown are und.oubtedly secondary events. Some impr ovement of t his 

section of t he pr ofi le may be obtained by using sel ective filt ering 

on magnetic playbacks . The measurements made along these profi..les 

constitute a maj or step in defining the crustal structure beneath 

t he Sierra Nevada. 

Profiles bet ween Mono Lake and. China Lake == The highest 

appar ent velocity recorded on t his profi le (Fig . 1) was 6. 1 km/sec . 

No Pn arrivals were r ecorded as firs·· breaks. This could be the 

r esult of two fact or s : a t...hi:ck crust;~ or poor r ecords . 

Thi s line runs parallel to and near the Si erra Nevada : thereforep 

the crust is expected t o be t hicker ·under this pr ofile t han the average 

Basin and Range profile . It is theref or e possible that the profiles 

were not long enough t o record Pn as a first arrival . 

The effici ency of t he China Lake shotpoint was only fair9 and 

the long-range records were gener ally of poor quality . Alt hough t he 

efficiency of t he Mono Lake shot poj.nt was good, most of the long~range 
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records were recorded in noisy areas. Therefore, it is quite possible 

that Pn arrivals on these records are present, but are very weak and/or 

masked in high background noise. 

Profiles between Mojave and Ludlow - - These profiles (Fig. 8) 

i n the Mojave block are similar to profi.les in the Basin and Range 

province . The Pg velocities average approximately 6.1 m/sec , and 

the Pn velocity~ although not well defined to the west, appears to 

be approximately 7·9 km/sec. The high apparent Pn velocity of 

8.25 km/sec from Ludlow to t he west ._appears to be an upd.ip velocity 

which indicat es t hat the Moho under the Moj ave Bl ock is dipping 

downward to the east . The Ludl ow shotpoint was very efficient; the 

efficiency of the intermediate shotpoint at Barstow was fair: and 

the Mojave shot point wa s poor . The Pn arrivals from Mojave are 

very weak. 

Ludlow to Mojave ~~ A Pg line with an apparent velocity of 

6.15 km/sec is well defined by twelve good r ecordings from Ludlow. 

All twelve recordings fall wit hin ± 0 . 2 seconds of this line. Seven 

fair to good recordings define a Pn line with an apparent vel ocity 

of 8. 25 km/sec . Five of these recordings fal l within 0 .1 seconds 

of the line. 

Mojave to Ludlow ~= Twelve poor-t o-fair r ecordings define a 

Pg line with a velocity of 6. 0 km/sec out t o a distance of 137 km. 

Beyond 137 km the first arrivals are very -..reakp but t hey do show 

t hat a higher velocity is present . The 7.7 km/sec velocity is not 
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well established, and may be changed with a more critical look of the 

data us ing selective filtering on playbacks of the magnetic tapes. 

Int ermediate shotpoint at Bar stow -- Twelve fair-to-good recordings 

show an apparent Pg velocit y of 6.0 krn/sec towards Mojf!,ve, and a fair­

t o-good · r ecording shows a P g vel ocity of 5. 9 m/ sec towards b .1.dlow. 

Three fair recordings beyond Ludlow show that arrivals of higher 

velocity appear as first breaks, but d~ not cover a sufficient distance 

to establish a reliable Pn velocity. 

Profile from LudJ.ow t oward the Nevada T-est Si t e-- This ' profile~ 

extending 215 km. north» iilas r ecorded in only one direction (Fig. 9). 

It is being reversed by recording nuclear explos:ions from NTS. 

The Pg velocity of 6. 0 km/sec is well defined by t hirteen 

recordings of good quality that show practically no scatter . Beyond 
., 

100 km the first arrivals can be fitted to an apparent velocity of 

6.8 krn/sec over a distance of 50 km. Beyond this , a 7.8 km/~e© ·line 

fits the data very welL Whet..IJ.er the 6.8 krn/sec line is related t o 

an intermediate crustal layer or surface effects will be determined 

when the reversed section of this profi.le is complet ed. 
. .. 

Profiles bet ween Mono Lake and Lake Mead -- This pr ofile (Fig. 10 ) 

extends from Mono Lakep CaHfor'niap 438 kilometers southeast to Lake 

Mead, Nevada, wit h intermedi at e shotpoints at Lida Junction and Lathrop 

Wells , Nevada . Both Mono Lake and. Lake Mead are classified as good 

shotpoints; Lat hrop Wells is classified as poor; and Lida Junction 

as very poor . The profiles f rom Mono Lake and Lake Mead show typical 

33 



G Shasta 

Mo no G 

l nd ependence(V 

Lido 

• 

Lothrop 

Chin a G 

G Strike 

G Mountain 
City 

G Elko 

G Eu reka 

G Hiko 

~ 
N. T. S. 

I 
Barstow I 

Mojave G G 0 

Location of shotpoi nts and refra tion profiles f or Figure 9· 

uz• oo' 44"00' 

Na va j o 

G 

GPO 859889 



0 100 200 

40 Distance (km) 40 

\c,'l::,/ 
~~ .. / -

tO / c, 
30 ~· ---~ c-:,0 30 

;;//'f.~ 
/1 tO ,/" . ... 

/ 
/ r 

Q) ~---
E 20 /:;7 20 
I- / 

/ 

;;:( 
/ ' 0(, 

10 / \ c:, 10 //~~ 
/Q 

0 
//~· 

/ 

? 100 200 

Ludlow 
Figure 9, Ti.me -Distance Profile, Ludlow-N.T.S 



(!) Shasta 

(!)Strike 

(!)Mountain 
City 

(!) Elko 

(!) Eureka 

(!) Hiko 

Independence (!) 

@ N. T. S. 

Lathrop~ 

China (!) 

Mojave (!) 
Barstow 

0 0 

112" oo' 44"00' 

Navajo 

0 

Location of shotpoints and refraction pr ofile for Figure 10. 

35 

GPO 859889 



Q) 

E 
1-

0 

50 

40 

30 

20 

10 

0 

Mono 

100 200 300 400 
Distance ( km) 

_/ 50 ~9~ ,c.,r ....__, ~!)-;/. 
- s~ ~--

- c 1<o" ....... • / 
/ 

40 

/ 

30 

20 

10 

\ 

100 200 400 

Lido Lathrop Mead 
Figure 10, Time-Distance Profile, Mono-Mead 



Basin and Range time-distance curves. The recordings from both 

shotpoints can be fitted with two lines, a Pg velocity slightly over 

6 km/sec and a Pn velocity of 7.8 to 7.9 km/sec. 

The informat ion gained from t he i ntermedi a t e shotpoints is very 

limited due t o poor shot~point efficiency. 

Mono Lake t o Lake Mead ~ ~ An apparent Pg vel oci ty of 6. 05 km/sec 

is well defined by ten fai r-t o-good r ecor dings for a distance of 

16o km. The scatter shown by these recordings is small ; all but one 

fall within 0.1 second of the l:i..ne. Beyond 16o km, an apparent Pn 

velocity of 7.8 km is defined by 12 r ecordings . Al~~o~h some scatter 

is present, 7 of the 12 recordings fall with 0.2 sec of t he line and 

all recordings are within 0.4 second. 

lake Mead to Mono lake ~- A P g line with an apparent velocity 

of 6.3 km/sec is defined by 15 r ecordings for a ~istance of 180 km. 

Several of the f i rst ar r i vals plot l ater t han t he line , but these are 

all from weak and noisy records where the true first arrivals are 

probably obscured by noise. Beyond 180 km a Pn l ine with an apparent 

velocity of 7.95 km/sec is defined by s ix of t wel ve arri~~ls that 

fall within 0.1 seconds of the l ine. Most of t he delayed arrivals are 

thought to be secondary, and not true f i rst arrivals. 

Int ermedi at e shotpoints -- Most of the r ecordings f rom Lida 

Junction and many f r om Lathrop Wells were very poor, and the first 

arrivals could not be det ermined. 

From Lathrop a Pg velocity of 6.0 km/sec i s shown t owards Lake 

Mead, and a Pg vel ocity of 6.2 km/sec towards Mono Lake . 



' I 

First arrivals could be detennined on only four recordings 

from Lida Junct ion, and no attempt has been made to assign a 

velocity t o t hese data . 

Profile f r om Kingman t o NTS - - This profile (Fig. 11) extending 

northwest f r om Kingman, Arizona, was made to reverse a pr ofil e that 

was made by the Geological Survey in 1958. (Diment, Stewart, and 

Roll er, 1961) . The Kingman shot point is classified as good; however~ 

several of the long~range records were very· poor as t hey wer e 

r ecorded on the Nevada Test Site and the arrivals were obscured by 

man-made noise. 

A P vel ocity of 6. 0 km/sec is defined 'by twelve fair- to- good 
g 

.. 

recordings t hat show very little scatter . Beyond the Pg-Pn crossover 

at 155 km, seven poor t o fair r ecord.ings define a Pn line with an 

appar ent velocity of 7. 6 ki:n/ sec . This velocity i s lower tha!a the 

7.81 km/ sec Pn velocity r eported by Dime?tp St ewartp and Roller (1961 ) 

i n their previous survey from NTS to Kingman. 

Two firs t arrivals near the crossover fall bel ow the P g and Pn 

lines and could r epresent arrivals from an i ntermediat e crustal l ayer . 

Profile from Navajo Lake to NTS -- This pr ofil e (Fig. 12 ) was 

an at tempt t o r everse a profile, extendi ng eastward f r om the Nevada 

Test Site throug.h Uta...h. and into Col orado, t hat was mad.e by the 

Geological Survey f :rom nuclear e:Jq?losio:ns . Unfortunat ely, the 

efficiency of the Navajo Lake shotpoint ·was very poor, and no Pn 

arri vals wer e recorded. The Pg velocity is well defined as 6.1 km/sec 
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near the shotpoint. Beyond 75 km, most of the recordings were very 

poor. The late arrivals shown on the time-distance curve are 

undoubtedly secondary arrivals. No arrivals can be seen that precede 

the Pg line. 

STATISTICAL PRESENTATION OF DATA 

Table 4 summarizes the first arrival times recorded during the 

1962 field season at 50~km intervals. The average time is shown with 

the mean deviati.on, range of times, and m.a.ximum. d.eviation at each 

distance. The mean deviation increases from 0.28 sec at 50 km to 

1.29 sec at 250 km. The maximum deviation increases from 0.6 at 

50 km to 2.6 at 250 km. The deviations out to approximately 160 .km 

are mainly caused by the variations in the thickness and velocity of 

the near-surface material. The large deviations, especially the 

2.6-second maximum deviation at 250 km., is caused by the fact that 

part of the first arrivals at this distance are Pg or intermediat e 

arrivals and part are Pn arri vals . 

Tabl e 5 presents the time-distance curves in t erms of intercept 

times and appar~nt velocities . Pg was r ecorded on 29 profiles. The 

value of the appar ent Pg velocity ranges from 5. 0 km/sec to 6. 5 

km/sec ; .h owever, by disregarding only three profiles (Boise t o Mountain 

City, Mou.D.tain City to Boise, and Shasta lake t o Mono lake ) this 

range can be reduced to 5.6 to 6.3 km/sec. The average value of Pg 

on all 29 profiles is 5.96 km/sec . The apparent Pg velociti.es are 

shown on the map in Figure 13. Tne Pg velocities in no:rtheastern 
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Table 4 -- Statistical summary of first arrival data 

Dist ance in Km 

Profile 50 100 150 200 250 300 350 400 
. Time in Seconds 

Ludlow t o NTS 9·3 17.6 25.0 31.4 

Navajo t o NTS 9·5 17.6 25 .8 34.0 42.2 

Mead to Eureka 8.7 16.8 24.9 32. 3 38.6 45.0 
. .. 

Eureka t o Mead 8.7 16.8 24.9 32.4 39.2 45.5 50.7 

Hiko t o Eureka 9.6 

Hi ko t o Mead 9.2 18.1 27. 0 

Ludlow to -Mojave 9.4 17.5 25.1 31.2 37.2 

Mojave- to'- Ludlow 9.0 17.3 25.6 33·9 42-3 

Barstow to Mojave 8.8 17.2 25.5 

Barstow to Ludlow 9.2 18.0 26.9 

Mono to Mead 9.6 17·9 26.2 33.0 39.4 45. 8 52.2 

Mead to Mono 9.1 17.0 24.9 32 . 3 38.6 44.8 51.1 

1a throp to Mono 9.4 17.4 
-

Lathrop to Mead 9.1 17. 5 

Mono to Shas ta. 9·7 17.8 25 .8 33· 7 40.4 46. 8 53-3 

Shasta to Mono 8.7 16.4 24.1 31. 7 39.4 46.1 52.4 58.8 
--- '---



Table 4 -- Statistical summary of first arrival data (continued) 

Distance in Km 

Profile 50 100 150 200 250 300 350 400 
Time in Seconds 

Mtn City to Boise 9-5 17.3 24.7 32.2 

Boise to Mtn City 9·5 17. 0 24.5 32.0 38.8 

Mtn City to Str~ke 9·5 17-3 24.7 

Strike to Mtn City 9·5 17.6 25·7 33.0 40.7 

Boise to Strike 9·5 

Strike to Boise 10.0 

Eureka to Mtn City 8.9 17.5 25.4 31.7 38.1 

Mtn City to Eureka 9.0 17.9 25.9 32.3 38.6 

ElkotoEureka 9.2 17·5 

Elko to Mtn City 9.2 17.6 25-3 32 .6 39·9 47.2 

Kingman t o NTS 8.7 17.1 25.4 32 .2 38.7 45.3 

Mono to China 9·7 17.8 26.0 34.2 42-3 

China to Mono 9·3 17.6 25.8 34 .0 42-3 

Independence to Mono 9.1 17.4 25.6 

Independence to China 9.1 18.0 

Average 9-3 17.5 25·5 32.7 39.8 45.8 51.9 

-



Table 4 -- Statistical summary of first arrival data (continued ) 

' Distance in Kin 

Profile 50 100 150 200 250 300 350 400 
Time in Seconds 

Mean Deviation .28 .45 .47 .81 1.29 .55 .84 

Total Range 8. 7-10.0 16.~-18.1 24.1-27.0 31.2-34.2 37·2-42. 3 44 . 8-47.2 50.7-53·3 

Maximum Deviation .60 ·9 1.5 1.5 2.6 1.4 1.4 



Table 5 Time-distance data in terms of intercept times 

p 
Profile se§ 

Eureka to Mountain City 0.3 + ~/5.9 

Mountain City to Eureka 0.2 + ~/5.9 

Elko to Mountain City 0.8 + ~/5.9 

Mono to Shasta 

Shasta to Mono 

Kingman to NTS 

Mono to Mead 

Mead to Mono 

Ludlow to NTS 

Ludlow to Mojave 

Mojave t o Ludlow 

Barstow to Ludlow 

Navajo to NTS 

Mead to Eureka 

Eureka to Mead 

Mono to China 

China to Mono 

Mountain City to Boise 

Boise to Mountain City 

1. 7 + 6/6.25 

1.0 + ~/6.5 

0.4 + 6 /6. 0 

1.3 + 6/6.05 

1.2 + f::./6.3 

1.0 + 6/6.3 

1.4 + 6/6.15 

0.7 + ~/6.0 

0.5 + ~/5. 7 

1.3 + 6j6.l 

0.6 + 6/6.2 

0. 7 + 6/6.2 

1.5 + 6j6.l 

1.1 + 6/6.1 

0.1 + 6/5.4 

o.o + ~/5 .0 
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Intermediate 

3-5 + 6 /6.85 

Pn 
sec 

5·5 + 6/7·9 

6.9 + 6/7-9 

No velocity higher 
than 6.85 recorded 
as firs t breaks . 

8.3 + 6/7. 8 

8.0 + 6/7-9 

5·9 + 6/7. 6 

7.4 + 6/7.8 

7.4 + /:::J7 -95 

5-7+ 6/7.8 

6.9 + 6/8.25 

5.6 + 6/7-7 

Higher velocity recorded but not 
enough points to establish a 
velocity. 

No higher velocity de·eermined due 
to weak arrivals. 

4 .• 7 + !:::. /7.2 
(Determined 
from only 3 
points) 

7-1 + 6/7-9 

7· 7 + 6./7-9 

No higher vel )City r.ecorded. 

Do. 

2.6 + 6/6.8 

2.1 + 6j6. 7 



Table 5 -- Time-distance data in terms of intercept times (continued ) 

Profile s!~ J Intermediate I 
(The following profiles are from intenuediate shotpoints and the profiles 

were not intended to be long enough to record arrivals other than Pg) 

Elko to Eureka 

Lathrop to Mead 

Lathrop to Mono 

Lida to Mono 

Barst~w to Mojave 

Hiko to Mead 

Hiko to Eureka 

Independence to Mono 

Independence t o China 

Strike to Mountain City 

Strike to Boise 

. 0.9 + 6/6.0 

0.8 + 6/6.0 

1.4 + 6/6.2 

Not sufficient number of points o 
verif'y velocity 

0.5 + 6/6.0 

0.3 + 6/5.6 

0.6 + 6./5.6 

0.8 + A/6.o 

0.6 + l:::./5-9 

1.6+ b./5·9 

1.3+ 6/5.6 
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Figure 13 -- Pg velocities recor ded during the 1962 field season. 

46 

GPO 859889 



Nevada and interior Idaho from the Hike shotpoint north to Boise 

average 5.6 km/sec, and the Pg velocities for the rest of Nevada and 

California area average 6~1. 

Pn was r ecorded on t welve profiles. The value of Pn appar ent 

velocity ranges f r om 7.6 to 8.25. The 8.25 apparent velocity is 

from Ludlow to Mojave; although it is not well defined, the apparent 

velocity from Mojave t o Ludlow i s approximately 7.7 km/sec, which 

would give a true velocity of about 7. 95 krri/ sec. Therefore, disregarding 

this high velocity~ the range in Pn velocities is 7.6 km/sec to 

7.95 km/sec . The average Pn velocity for all twelve profiles is 

7.87 km/sec . 

By using only the profi les t hat have been reversed, and comput ing 

the true Pn veloci t y, the values range only from 7.85 t o 7-95 km/sec 

and average 7.90 km/sec . The variation in t he velocity of Pn in this 

area is smaller than t he variation in the velocity of Pg• 

MAJOR ACCOMPLI SHMENTS 

Bel ow are the maj or objec·tives that were satisfi ed by the 1962 

field season. 

1. Seismograms wer e recorded along 10 pr ofil es i n the western 

part of the United States . 

2. Enough data has now been obtai ned to make a very good start 

on a crustal and mantle vel ocity map of a large ar ea. 

3. I t has been demonstrated that variat ions in arr ival times 

of seismi c energy over a large area are suffi cient ly large 



to require detailed knowledge of crustal structure for a 

seismic-detection system based on location of seismic events. 

4. It has demonstrated that the configuration of the crust and 

the arrival times of seismic ener gy can vary by a large 

amount over a r elatively short distance . Two examples of 

this are the difference between the Basin and Range province 

and the Snake River Plain, and also the difference in t he 

Basin and Range province and t he Sierra Ne,mda. 

5. From the data collected on t he Mono Lake-Shasta Lake line, 

the depth of the r oot of the Sierra Nevada can now be 

comput ed. 

6. Many refinements in crustal studies field procedures and 

data-processing methods have been made. 
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APPENDIX A -- DRILLING 

General -- The shot-hole drilling was initiated by three two-man 

teams (driller and helper), using truck-mounted Mayhew 1000 rotary 

drills. Each drill was accompanied by a water truck with a 1000-gallon 

capacity, and a l/2-ton pickup truck f or transportation of personnel 

and supplies. 

Thirteen shot-point locations required drill holes : 

(l) Lida, near Lida Junction, Nevada 

(2) Lathrop, near Lathrop Wells, Nevada 

(3) Kin~An, near Kingman, Arizona 

(4) Navajo Lake, near Cedar City, Utah 

(5) Hiko, near Hiko, Nevada 

(6) Eureka, in Newark Valley near Eureka, Nevada 

(7) Elko, near Elko, Nevada 

(8) Mountain City, near Mountain City, Nevada 

(9) China Lake, on the Naval Ordnance Test Station, China Lake, 

California 

(10 ) Independence, near Independence, California 

(11) Mojave, near Mojave, California 

(12) Barstow, near Barstow, California 

(13) Ludlow, near Ludlow1 California 

Drilling Conditions -- The majority of the drill-holes were 

difficult to drill. In the early stages of the drilling program, the 

difficulties encountered at the Lida Jlli~ction and Lathrop Wells 
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shotpoints made obvious the inadequacies of the Mayhew 1000 drill. 

Arrangements weremade to replace two of the drills with larger, 

heavier drill units. Under nurmal shot-hole drilling conditions, 

the depth of hole and hole diameter required, pose no problem for 

the Mayhew 1000 drill. However~ the r equirements of 6-l/2•inch and 

11-inch hole diamet ers, in most instances drilled into extremely hard 

and/or bouldery formations, pointed out the following inadequacies of 

the drill: 

(1) Insufficient pump pr essure to remove cuttings adequately 

at depth of 100 feet or more. 

(2) Insufficient pull~down for an_adequate rate of production. 

(3) A general weakness of draw-works. 

(4) A lack of air compressors for combination air-water drilling. 

One Mayhew 1000 drill unit was retained for the drilling of the 

' intermediate shotpoints, which r equired approximately one-half the 

number of holes usually needed f or shotpoints at the terminal ends of 

the measUred lines. The performance of this unit proved to be completely 

satisfactory in drilling the 6-1/2-inch diameter holes. 

Drilling conditi ons for the particularly difficult shotpoints 

were as follows : 

(1) Kingman -- Extr emely hard, metamorphosed granitic r ocks 

were encountered at 60 feet below the over lying, unconsolidated, 

bouldery, clastic mat erial. The initial drilling with a Mayhew 1000 

was slow, often done at a rate of no more t han 6 inches per hour , and 
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the drill-bit consumption was prohibit i ve. On one occasion the drill 

st em "t wist ed off," resulting in t he l oss of two lengths of drill 

collar, dr ill bit, sub-joint, and 105 fee t of drill stem, none of 

which was recovered. 

(2) Lida Junction and Lathrop Wells - - Dr i lling 6-1/2-inch 

holes t hrough 100 to 200 f eet of unconsol i dat ed, bouldery (volcanic) , 

clastic mat erial was especially difficult . Not onl y was the r at e of 

pr oducti on decreased because of the har dness of t he boulders, but 

also t he stri ng of drill stem oft en became stuck i n t he hol e because 

of the loose material falling in behind the bit and dr ill col lars. 

On one occasi on, att empt s t o l oosen t he dr ill stem r esulted i n b r eak­

down of the drill dr aw-wor ks , but no equi pment was lost in t he hole. 

(3 ) Navaj o Lake - - The rat e of drilling 11-inch hol es t hrough 

limest one was adequat e , although on several occasions "loss of 

circulation" i n soluti on cavities necessitated moving onto a new 

drill s i t e. Some l oss i n hole depth, af t er drilling, was caused by 

t he caving of t he loose to moderately~indurated sands under lying 

the l i mestone. 

(4 ) Mountain Ci t y ~ - The grani tic mass east of Mountain Ci t y, 

Nevada , pr oved t o be a diffi cult drilling medi um. Because of the 

urgency in obtaining drill holes and t he pr obability of eas ier 

drilling conditions, t he shot~point loca t i on was moved t o t he south, 

i nto a water~saturated fault zone. Dr ill ing l l=i nch hol es i n t he wet 

fault gouge was r elatively easy . Tne r at e of production ranged f r om 

100 to 200 f eet an hour . 
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(5) Independence -- Dr illing 6-1/2- inch holes, 240 feet deep, 

in the bouldery talus f ·onnat ion on t he east flank of the Sierra 

Nevada mountains pr oved t o be extremely difficult for the Mayhew 

1000 drill. On one occasion.<> as the hole was being "washed out" 

prior to charge-loading::> the hole collapsed above the drill collars . 

Ineffectual attempts were made to recover the string of drill stem 

by ''shooting off " the drlll bit by means of small . charges lowered 

into the hollow drill stem. Drill bitp sub- jointp drill collars and 

105 feet of drill stem were lost in t he hole . One of the larger 

drill units was brought in to complete the drilling of the shot 

hol es. 

(6) Mojave and Barstow -~ In both areas, hard crystalline 

formations wer e encounter ed at 35 feet below the surface. At the 

Mojave shot point the P~rd formation was a coarse-grained granite 3 

overlain by 20 t o 25 f eet of decomposed granite. Air-drilling t o 

120 feet was accomplished by the la:r.gerp heavier drill uni t 'W·ith 

relative ease. At Barst ow3 the hard formation was a hig_ly~ 

metamorphosed granitic rock.<> encountered at 40 feet, overlain by 

unconsolidated cl astic ma .,erial composed mainly of variable-sized 

gra.ni t e and volcan:i.c boul ders . The Mayhew 1000 drilled 6-l/2~inch 

holes satisfactorily, although slowly.~> with high~density a...nd. high~ 

viscosit y drill:i.ng fluid. A larger rig capable of dri lling ll~inch 

holes was brought in to expedi·te necessary hole pr oduction . 
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The drilling media at the other five drill-hole shotpoints were 

lar gel y unconsoli dat ed sands and gravels with several intercalated 

cl ay · stringers. At these locati ons there were no drilling difficulties 

ot her than t hat of maintaining "hole-wall cake" to prevent hole loss 

due to ravelling and caving. 

Local water tables were encountered at the Eureka~ Elko, and 

Ludlow shotpoints and the drill holes were bottomed in the water~ 

saturated sands and gravels. 



APPENDIX B -- SHOTPOINT REFRACTION PROFILES 

Ninety-f ive short refraction spreads were recorded at eleven 

t erminal shotpoints for the purpose of determining correction data 

for reducing observed long- range refraction: times to a common 
I 

datum. 

The number of spreads recorded by the United GeopP~sical 

Company recording units for each shot-point location varied from 

a single spread at Kingman to fourteen spreads at Mono lake, 

largely dependent o the number of shots r equired at each shot point 

to carry out the main project . 

Profile s with sparse spread coverage were supplemented with 

the data, from regular recording units located near the r espective 

shotpoint . Because traveltimes through the overburden near t he 

shot-point l ocations were of primary importance, most of the spreads 

wer e laid out a s close to the shot=point site as practi cable. The 

remainder of the spreads wer e spaced about four, seven, and ten 

kilometers from the shotpoints t o give an approximate indication 

of the basement cont act . 

The r esults are beli eved to be generally satisfactory and seem 

to fulfill the obj ectives of the survey. Lar ge differ ences in 

·· formation velocities and t otal se~tion thicknesses were found . The 

extreme values for near- surface vel ocity were observed at t he 

Ludlow shotpoint (.1,400 m/s or lower) and at the Boise shotpoint 

(3,700 m/s ) . The thinnest sediment ary cover was measured at the 

Mountain City shotpo:i.nt site (220 m) a..11d the thickest at the Navajo 

shot-point locat ion (2,910 m). 
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The first arrivals were reduced to datum for each trace by 

adding the difference in elevation between the shotpoint and datum 

plane and between geophone and datum plane and dividing the sum by 

the correctional velocity. 

Table 6 listsp for each shotpoint, the velocities of the 

basement and overlying material» the mean sea level of the 

reference datum, the datum t o basement thickness in both time and 

depth. 



Table 6 -- Velocity data at the shotpoints 

v Reference Tc Depth t o 
vo vintermediate basement Dat um Corrected Basement 

(meters Time=Datum (below datum) 
Shotpoint (m/s) (m/s ) (m/s) MSL) to Basement (meters) 

Boise 3700 3700 5750 870 0.095 350 

Mountain City 2850 2850 6000 18oO 0.056 160 

China 1500'? 2350 
3500 6000 6oo 0.61~· 1760 

Eureka 1900 1900 6000 1740 0.308 585 

Kingman 3500 3500 6100 1150 o.o4o 140 

Ludlow 1400'? 2700 
3100 6000'? 360 0 .450 1180 

Mead 2800 2800 6000 300 0.232 650 

Mojave 3200 4200 6000 730 0.264 1060 

Mono 2120 4000 6000 1940 0.560 1600 

Navajo 3450 3450 5800'? 2850 0 . 826 2800 

Shasta 2000 2000 6000 1150 0.345 690 
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