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Abstract. A seismic~refraction profile indicates that the crust of 

the earth increases in thickness by as mu~h as 5 km over a horizontal 

dtstance of less than 25 km northeast of Las Vegas, Nevada. This feature 

correla~es wi~h a decr~ase in the Bouguer anomaly and an increase in the 

average surface altitude. 
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Introduction. The u. S. Geological Survey recorded a seismic-

refraction profile from a shot point near Kingman, Arizona, northwest 

across the Las Vegas Valley shear zone (Longwell, 1960) toward the 

Nevada Test Site (NTS) for a distance of 265 km during June 1962 (Fig. 1). 

Seismic waves, generated by 4 chemical explosions that ranged in size 

from 2,000 to 10,000 lbs, were recorded at 24 positions. 

Standard seismic-refraction procedures and wide-band recording on 

both photographic paper and magnetic tape were used in the field (Warrick 

and others, 1961). Recording positions were spaced approximately 10 km 

apart along the profile, and at each position six vertical seismometers 

were spaced 0.5 km apart in a line generally parallel to the line of 

profile. Two horizontal seismometers (radial and transverse) were placed 

beside one of the vertical seismometers. 

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

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

2 



Figure 1.--Index map showing location of Kingman, Ariz., shotpoint, 

seismic-recording positions, and generalized Bouguer 

anomaly map. (Bouguer anomaly map taken from Diment, 

Stewart, and Roller, 1960). 
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The area traversed by the seismic profi le is characterized by a 

series of mountain ranges composed mainly of Paleozoic sedimentary 

rocks and Tertiary volcanic rocks. The ranges are separat ed by alluvial 

basins (Bowyer, Pampeyan, and Longwell, 1958 ) . The profile c ross es a 

major shear zone, the Las Vegas Valley shear zone, north of La s Vegas , 

Nevada (Fig. 1). North of this zone the ranges and many geologic 

feature s strike generally nor th, and the average surface alti t ude is 

significant ly higher than the area sout h of the shear zone , where the 

structural and topographical pat tern is more complex (Longwell, 1960). 

The generalized Bouguer anomaly map (Fig. 1) shows a relatively 

flat, although locally complex, pattern immediately south and east of 

Las Vegas, and a general regional decrease to the north. The Bouguer 

anomaly contours are based on data from stations on Pre-Tertiary 

bedrock. 

This profile approximately reverses a seismic-refraction profile 

that wa s recorded from NTS to Kingman from nuclear explosions in 1957 

and 1958 by t he u. s. Geological Survey (Diment, Stewar t, and Rol ler, 

1961). 

Result s . Results of observations of the previous profile , from 

NTS to Kingman , show that t he crust is about 28 km thick with an 

apparent velocity of 6.15 km/ sec underlain by the mantle with an 

apparent velocity of 7.81 km/ sec (Diment, Stewar t, and Ro ller, 1961). 
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These data were ba&ed on first-arrival direct waves (Pg) through the 

crust from NTS to near Boulder City 9 Nevada, and on first-arrival waves 

refracted along the mantle from Boulder City to near Kingman. The 

reversed profile from Kingman toward NTS indicates a thin surface layer 

with an apparent veloc~ty of 5.2 km/sec overlying a crustal layer with 

an apparent velocity of 6.1 km/sec (Fig. 2). 

The seismic waves that are refracted from the mantle (Pn) south 

of t~e Las Vegas Val l ey shear zone fit a line wi t h an apparent velocity 

of 7.8 km/sec, and indicate t ha t the crus t is 27 km thick. Pn waves 

that are refracted from the mantle north of the shear zone are delayed 

0.55 sec with r~spect to those south of tqe shear zone, and indicat e a 

crustal thickness of 32 km. The change in thickness occurs within a 

horizontal distance of 25 km or less, and may even be a vertical or 

near-vertical displacement. The Pn arrivals at Q-3 and possibly at 

P-3 (Fig. 1) that produce the apparent slope in the flexure (Fig. 2) 

could actually be dif f racted waves from a fault-type struc ture (Hei larid, 

1956). The delayed arrivals may be related in part t o the t hickening of 

Paleozoic sedimentary rocks nor thwest of Lake Mead. The seismic profile 

crosses the La s Vegas Valley shear zone in the same general area that the 

Paleozoic section increases in thicknes s (Bowyer, Pampeyan , and Longwell, 

1958). 

The above crustal models were computed assuming flat layers with 

constant veloc ities. The ve locity in the crust probably increases with 
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for the se ismic crusta l model, and a crustal model compu ted from seismic refraction 
data. 



d~pth, as shown by several authors (Berg and others, 1960; Healy, 1963; 

aqd Ryall and Stuart, 1963), so these depths are minimums. The relative 

depths sh9uld be correct, however. 

The fir-st~arriv~l times (Fig. 2) that define the 5.2 km/sec line 

and the 6.1 km/sec line are th~ uncorrected observed times. Arrival 

ti~es that define the Pn lines have been corrected for low-velocity 

material near the surface, either from gravity and seismic data, or by 

estimatiqg the thickness of these low-velocity sediments from the 

geologic environment of the recording positions. The seismograms also 

contain many secondary arrivals, the discussion of which is beyond the 

scope of this short paper. 

The observe9 Bouguer anomaly profile (Fig. 2) shows a general 

regiopal correlation with t~e crustal cross-section, as computed from 

a delay-time analysis of the seismic-refraction data (Pakiser and Black, 

1957). An area of relatively high Bouguer gravity is observed over the 

thinner crust and an ~rea of lower gravity is observed over the thicker 

crust. 

Two theoretical Bouguer anomaly curves using assumed density 

contrasts between the crust and mantle of 0.4 g/cc and 0.5 g/cc were 

computed (Fig. 2). Assuming a density of 3.3 g/cc for the mantle, which 

corresponds with a compressional~wave velocity of 7.8 km/sec (Talwani, 

Sutton, and Worzel, 1959), the density contrast of 0.5 g/cc gives a 

crustal density of 2.8 g/cc, which corresponds with the observed Pg 
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velocity o f 6 . 1 km/sec . The densi ty contrast of 0. 4 g/ cc corresponds 

with a compress ional-wave ve l oc ity of 6.5 km/sec and a density of 2. 9 

g/cc . The theoretical curve using a dens ity contrast of 0.4 fi ts the 

observed cur ve wi thin 10 mgal s. Th i s may i ndicate an increase in 

crustal velocity wi t h depth. 

The most signi ficant difference bet ween t he theor e tical and the 

observed Bouguer anomalie s is that t he grad i ent on the observed curve 

is steeper, which indicates t hat only part of this gradient can be 

attributed t o the cr ust -mantle boundary , and part must be at t ributed 

to density contrasts wi th in t he cr ust . Immedia te ly east of Las Vegas, 

the trends of t he gravity contours deviate nor t hward from t he shear 

zone and generally follow a line between predominant l y Paleozoi c 

ou t crops t o the northwest and Pre-Cambrian outcrops to the southeast. 

The surface a lt itude of the area also shows a general correlation 

with t he seismic and gravity data (Mabey 9 1960) . South o f the shear 

zone t he average altitude i s less than 1 km above sea level and t he 

Bouguer anoma l y i s about - 100 mga l s . North of the shear zo~e the 

altitude above sea leve l aver age s about 1 ~1/ 2 km and the Bouguer 

anoma ly decr ea ses to - 160 mgals at station H- 3. 

Three maj or implications can be drawn f rom t hese data : maj or 

fractur e zones may extend to the Mohor ovicic discont inuit y a~d probably 

penetr ate the mant l e ; the Mohorovicic discontinui t y is ~o t a flat surface 

but may include maj or flexure s over r ela t ive ly shor t hor izontal distances; 

and in this area ther e i s a r e g io~a l correlation be t ween th i ckness of the 

crus t . Bouguer gravity anomaly. and average sur face a ltitude . 

8 



REFERENCES 

Be~g, J. W., Jr., K. L. Cook, H. D. Narans, and W. M. Dolan , Seismic 

investigations of crustal structure in the eastern part of the 

Basin and Range Province: Bull. Seism. Soc. Am., 50 , 511-536, 

1960. 

Bowyer, Ben, E. H. Pampeyan, and C. R. Longwell, Geologic Map of Clark 

County, Nevada, U. S. Geol. Survey Mineral Inv. Map MF-138 , 1958. 

Diment, W. a., S. W. Stewart, and J. C. Roller, Crustal s tructure from 

the Nevada Test Site to Kingman , Arizona , from seismic and gravity 

observations: J. Geophys. Research, 66, 201-214, 1961. 

Healy, J. H., Crustal structure along the coast of California from 

seismic-refraction measurements : J. Geophys. Research, 68 , 

(in press), 1963. 

Heiland, C. A., Geophysical Exploration, Prentice-Hall , New York, 

514-521, 1946. 

Longwell, C. R., Pos s ible explanation of diverse s tructural patterns 

in southern Neva da : Am. J . Sci., 258-A , 192- 203 , 1960. 

Mabey, D. R. , Regional gravity survey of Nevada: U. S. Geol. Survey 

Prof. Paper 400-B, 283-285, 1960. 

Pakiser, L. C. , and R. A. Black , Exploring for ancient channels with 

the refraction seismograph : Geophysics , v. 22, 32-47, 1957. 

Ryall, Alan, and D. J. Stuar t, Trave l times and amplitudes from nuc lear 

explosions : Nevada Test Site to Ordway, Colorado: J . Geophys. 

Research, 68, (in press), 1963 , 

9 



REFERENCES (Continued) 

Talwani, Manik, G. H. Sutton, and S. L. Worzel, A crustal section 

across the Puerto Rico trench: J.Geophys. Research, 64, No, 10 , 

1545-1555, 1959. 

Warrick, R. E., D. B. Hoover, W. H. Jackson, L. C. Pakiser, and J. C. 

Roller, The specification and testing of a seismic-refraction 

system for crustal studies: Geophysics, 26, 820-824, 1961, 

10 


	Cover 1
	Title page
	Abstract
	Introduction
	Figure 1.

	Results
	Figure 2.

	References

