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BEOWAWE AREA SHALLOW SEISMIC REFLECTION SURVEY 

LANDER COUNTY, NEVADA 

I, Introduction 

During the period from May 13 through September 1, 1975. a 
shallow seismic reflection survey was carried out in the 
southwest part of the Whirlwind Valley, Lander County, Nevada, 
near the small town of Beowawe (see Figure No. 1, Location 
Map).Approximately 17.5 miles of data were recorded, consisting 
of four northeast-southwest lines (Lines BW-1 through BW-4) 
and four northwest-southeast lines (Lines BW-5 through BW-8). 
The purpose of the survey was to investigate the geologic 
structure, especially faulting, as an aid to continued ex
ploration for geothermal steam in the area. 

II. Technique 

Line positions in the field were established by reference to 
topographic features, as the magnetic compass tended to be 
sometimes erratic in the presence of so much magnetite-bearing 
lava. After the position of a given line was established, 
stations were located along it at intervals of I65 ft. (50K) 
by chaining with a measured drag rope I65 feet long. Difficult 
terrain made it necessary for parts of lines BW-3, BW-6 and 
BW-7 to depart from the program positions. 

The seismic source used for the first two lines recorded 
(Line BW-1 and Line BW-6) was a 30O lb. steel weight dropped 
free-fall a distance of 3i feet for approximately 1000 ft. lbs. 
of energy per drop. Three drops per station on the average 
were made and summed in the field. Detection was by means 
of a receiver array of 12 digital grade 10 Hz geophones 
inline spaced 12 feet apart. Where possible, the source weight 
was dropped one or two times at each of two locations 
beside the one-third positions of the receiver array and 
offset about 8 feet laterally (see sketch below). 
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Recording was done by a Seaman Nuclear Corporation engineering 
type single-channel seismograph (with summing digital memory) 
modified to include frequency filters, programmed gain 
expansion, a paper strip chart recorder, and a magnetic 
cassette digital recorder. A recording length of O.5 second 
after weight impact was used. As successive drops were 
recorded at each station, the summed results were viewed by 
the operator on a cathode ray tube. V/hen the operator judged 
that enough thumps had been recorded (the number varied from 
one to six) the summed data were recorded on paper and 
magnetic tape and the crew moved on to the next station. 
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During the recording of BW-1 and BW-6 it became evident that 
though the data in the top 1,000 feet were good, the rate of 
energy decay with depth was unusually great. As a result, 
the operation was suspended in late May and the equipment 
returned to Albuquerque for modifications. A new and larger 
weight drop system using a 700 pound steel weight which could 
be dropped as much as 6i feet was built, and the type of 
programmed gain expansion was changed to allow far greater 
range in rate of gain increase with time. When the modifications 
were coraplete and field-tested, the crew returned to the 
Beowawe area, renewing work July 21, 1975. The remaining 
lines of the project (BW-2 through BW-5 and BW-7 through BW-8) 
were recorded dropping the 700 lb. weight about 5 3/^ feet 
free-fall for about 4-000 ft. lbs. of energy per drop. This 
increased source energy plus the improved available gain 
increase allowed the recording of 1.0 second as opposed to 
the previous 0.5 second. Practical depth of penetration was 
increased frora about 1,000 feet to about 2,500-3,000 feet, 
which considerably improved ability to detect faults. The 
change, however, was not all favourable; the quality of data 
in the top 1,000 feet was noticeable reduced, as shown by a 
comparison recorded on Line BW-1. Consequently, after 
completion of the Beowawe survey and before initiation of 
the next (Hot Springs Point) survey, experimental work was 
done in an attempt to find an energy input level which would 
provide penetration deeper than 1,000 feet but without 
sacrificing detail or quality in the top 1,000 feet. In this 
expeimentation it was found that dropping the 700 lb. weight 
32 feet (for about 2,500 ft. lbs. of energy) greatly improved 
the data in the top 1,000 feet while sacrificing little in 
the way of depth penetration. It is therefore recommended that 
in any future shallow reflection work in the Beowawe area 
this level of energy input be used. 

After each day's field work, the records made during the day 
were corrected to a reference plane of +5000 feet using a 
correction velocity of 3.000 feet per second (determined at 
the start of the survey by refraction probes recorded on Line 
BW-1 near the Chevron Ginn No. 1-13 well). The paper records 
were then colored, trimmed and combined to form corrected 
variable area/wiggle trace record sections (see Enclosures 
Nos. 1 through 8). These record sections were then studied 
and picked, with an attempt being made to recognize both 
reflections and diffractions, the latter for their value in 
fault detection (see Enclosures Nos. 9 through l6). The timed 
events were then converted to depth using a velocity function 
fitted to the pseudo-sonic log data from the Chevron Ginn 
No. 1-13 well, located within the prospect (see Table No. 1). 
Migrated depth sections were next raade using the point-arc 
method (see Enclosures Nos. 17 through Z k ) . In this method, 
-which is well suited to shallow single-channel recording, 
for each event picked on the record section a circular arc 
is swung from each station at which the event is picked. 
This arc has its center at the station position (at reference 
plane elevation) and its radius equal to the depth calculated 
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Ibr the event at that station. A curve is then drawn tangent 
SD each of the arcs representing a given event at successive 
itations. If the velocity function is accurate such curves 
are a good representation of the corresponding reflectors. 
In cases where three or more arcs from a single event intersect 
^ a single point, the event is probably a diffraction. 
luch apparent diffraction centers are indicated on the 
migrated sections and are often helpful in fault interpretation. -

M'ter completion of field recording in the Beowawe area, 
•the locations of 12 of the l6 line intersections were 
fetermined by plane-table triangulation from three known 
fositions (see map, Enclosure No. 25). In cases where a 
p.ven point could be shot from all three triangulation stations, 
Uie apparent error indicated was less than 30 feet, so that 
these intersections can be regarded as very accurately located. 
2he four intersections involving Line BW-4, unfortunately, 
sDuld not be shot in from the triangulation stations, and are 
consequently less certain in location. However, even these 
xre probably actually located v/ithin 100-200 feet of their 
raapped positions. 

III. Results 

fhe seismic results obtained in the Beowawe area are generally 
mf poor quality. Experience elsewhere, however, suggests 
that in this complexly-faulted area the data are almost 
certainly superior to data which might be obtained by more 
sonventional seismic techniques. In hindsight, it appears 
that the improvement gained by using 50 meter (I65 feet) 
spacing rather than 100 meter (330 feet) spacing as in other 
grospects was probably not worth the additional cost (almost 
twice as much per mile). However, the Beowawe area, because 
af its complexity, was a particularly good test example to 
ietermine if the closer spacing is worth the additional cost 
ih exploration of this type. 

fhe writer's interpretation of the structure of the project 
area is shown by the Structure Contour Kap, Enclosure No. 25. 
This map is drawn on a seismic phantom which it is hoped may be at 
approximately the same stratigraphic position throughout tlie 
area. Because of the difficulty of correlating from one 
fault block to another, however, the likelihood of its 
being the same horizon everywhere is not good. The general 
structural form shown, however, is probably reasonably 
accurate. 

i^lding in general appears to be of much less importance than 
fiaulting. Only one fold, the east-plunging anticlinal nose 
in Section 14, seems to suggest that it may have formed 
independently of and prior to the present fault system. 

Only faults judged to be of importance are shown. Many lesser 
faults are indicated by the seismic data. The faults considered 
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to be of greatest significance are those shown on the map by 
heavier green lines. Two faults in particular are believed 
worthy of notice. These are (1) the arcuate fault at the foot 
of the Malpais Range (extreme southeast margin of the survey 
area) and (2) the opposing subparallel fault near the north
west edge of the survey area (and cutting Line BW-1 at Stations 
55-5^)» Between these two major faults there appears to be 
a significant graben trending northeast-southwest and creating 
the smaller southwest extension of Whirlwind Valley which is 
the survey area. About 2/3 of a mile northwest of the main 
Malpais Range frontal fault is another fault set, also down 
to the northwest. Between these step faults and the main 
Malpais Range frontal fault is a fault block intermediate in 
depth between the valley graben and the Malpais Range. Its 
most obvious manifestation is the large hill in the south 
half of Section 18. The remaining fault considered of major 
importance crosses the valley graben north-northwesterly in 
the east half of section 13. This fault may not be of great 
throw, but it does appear to mark a major dip reversal in 
the graben and cause the northwest quarter of Section 13 to 
be the lowest point in the graben. It (the fault) was 
probably penetrated at shallow depth in the Chevron Ginn 1-13 
well (SE/SE Sec. I3). 

A few faults are shown which are not believed to be of great 
importance, at least in the survey area proper. Of particular 
interest is a set of faults encountered along the northeast 
side of the survey. These faults appear to strike a few 
degrees north of east and evidently die out westward near 
the position of Line BW-2. Those faults of this set which 
lie southeast of the center of the southeast quarter of 
Section 12 are apparently downthrown to the north; those 
farther northwest are apparently downthrown to the south. 
It seems likely that these faults are the west ends of a 
step fault system forming the main Whirlwind Valley graben 
to the east. If this is true, it would appear that the 
deepest downthrown part of the main Whirlwind Valley graben 
to the east lies about 3/^ of a mile north of the Malpais 
Range front, making the Whirlwind Valley graben highly 
assymetric. 

Seismic evidence regarding the attitudes of the major faults 
in the survey area can be seen in several places. On Lines 
BW-1 and BW-4, the main Malpais Range frontal fault appears 
to dip about 70 degrees northwest (corrected for line angle 
on BW-4). The large step fault system about 2/3 mile north
west of the main Malpais Range frontal fault evidently dips 
about 60 degrees northwest on Line BW-2, and about 15 degrees 
on Lines BW-1, BW-3, and BW-4. The large cross-graben 
fault in the east half of Section 13 is apparently nearly 
vertical, but does dip southeast, as seen on Lines BW-1, BV/-6, 
and BW-7. The large fault on the northwest side of the 
survey area graben also appears to be nearly vertical but 
does evidently dip southeast (see Line BW-2 especially). 
In summary, all the major faults appear to be normal faults, 
with dips ranging from about 60 degrees to nearly vertical. 
Only one or two doubtful cases of possible minor high-angle 
reverse faults were observed. 
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On some of the seismic lines the nearest reflector to the 
mapped phantom shows a large number of diffraction points 
(see especially Lines BW-2 and BW-8). This may indicate that 
the horizon is an unconformity with a great deal of irregularity 
(not strange in a volcanic sequence) or is perhaps a thick, 
competent unit subject to a great deal of small faulting 
and fracturing. 

IV. Conclusions 

A. The survey area appears to be basically a smaller graben 
extending southwestward from the main Whirlwind Valley graben. 
B. Folding in the area seems to be very minor compared to 
faulting. 
C. All the major faults as interpreted are evidently normal 
faults, with dips in the range frora 60 degrees to nearly 
vertical. 
D. The seismic reflection method seems to be clearly applicable 
to exploration of this type, despite the complex faulting 
present. 

V. Recommendations 

A. To penetrate the main Malpais Range frontal fault at 
about 4-000 ft. depth. Wells should be located on the down-
thrown side about 1200 feet from the fault as mapped, 

B. In future investigations of this type, close station 
spacing (I65 feet or 50M) should be reserved for cases where 
increased detail is needed, and normal station spacing 
(330 feet or lOOM) should be the standard, for reasons of 
economy. 

1 Figure 
1 Table 
ZS Enclosures 

Respectfully submitted, 

Charles B. Reynolds 
Registered Geophysicist (Calif.) 
Certified Professional Geologist 
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CHEVRON GINN I-I3 VELOCITY FUNCTION 

LANDER COUNTY, NEVADA 
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