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1. 

The energy shortage has led to accelerated exploration of possible 
alternatives to US dependence on fossil fuel reserves, and as part of this 
effort a nunJ3er of exploratory projects are under way to assess technological 
and environmental aspects of constructing and operating geothermal F e r  plants. 
Of the environmental problems that might be associated with the utilization of 
geotheml resources, the possibility of affecting seismicity has been of 
particular ccncern 

The possibility of triggering earthquake activity by the reinjection of 
geotherrml fluids into deep wells is based on knawn cases of changes in 
seismicity associated with fluid injection or reservoir luading. For example, 
Evans (1966) shcrwed that -es near Denver, colorado, were linked to 
injection of waste fluid into basement rocks beneath the Army's r(0dkY k u n t a i n  
Arsenal, and Raleigh and others (1972) carried out experiments to determine the 
reservoir pressure threshold needed to trigger -akes in an oil field near 
Rangely, Colorado. There have also been numerous cases of earthquakes 
associated with the inpoundrent of water in large reservoirs: six of these 
earthqudkes had magnitude 5-6.5 (SimpSon, 1976) SimpSon concluded that the 
potential for induced seismicity a w s  to be highest in areas of strike-slip 
or nom1 faulting and areas of at least mderate strain accumulation. Most 
reservoir sites where major changes in seismicity have occurred (rniba, -8 

Hsinfengkiang, Hoover and Oroville) are close to areas of high seismicity or had 
law-level seismicity near the reservoir before impounament. Areas of law strain 
acmlation or areas characterized by horizontal conpression (thrust faulting) 
appear to have lowest potential for induced seismicity. 

The relationship between induced 'seismicity and porepressure change has 
been clearly shrrwn for earthquake activity associated with high-pressure fluid 
injection (Healy et all 1968; Raleigh et al, 1976; Fletcher and ~ykes, 1976). 
The effect of pore pressure on seismicity has been tentatively explained by the 
work of Hubbert and Rubey (1959), who shmed that the fracture strength of ruck 
is proportional to the difference between total m m l  stress across the 
fracture and the pressure of pore fluids Within the rock. SimpSon (1976) mtes 
that increases in pore pressure ih the case of fluid injection (a fewhundred 
bars) are mch higher than those (a few tens of bars) created by a deep 
reservoir. In cases Where fluid injection has triggered earthquake activity 
(Denver, mgely, Matsushiro, &le) injection has taken place into, or very near 
a fault zone. 

In recent years# Dixie Valley, north-tral Nevada, has been the focus of 
geothermal exploration involving surface and drilling investigations by a nurrber 
of oil v i e s .  The area of m t  intensive study is between Dixie €lot Springs 
on the south and Sou or Seven Devils Hot Springs on the north. mis area is a 
graben, capped by a gabbroic intrusive at a depth varying fran approximtely 
1,500 to 2,OOO feet. The investigation was intended to integrate industrial and 
academic research efforts to produce a cunprehensive geothermal reservoir 
assessment of the central part of Dixie Valley. 
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Based on SimpSon's (1976) criteria, Dixie Valley would have relatively high 
potential for induced seismicity should geothermal development of the area lead 
eventually to injection of geothermal fluids into deep wells. Features that 
make the area favorable for induced earthquakes are the follawing: 

The Dixie and Sou hot springs are on the surface trace of the Dixie 
Valley fault zone (Trexler et al, 1978). 

0 Significant movement, in a normal faulting sense, occurred on this 
in 1954 ( S l m n s ,  1957). 

8 The area of interest is just south of a m e  that Wallace (1978) believes 
is a "seismic gap, " that could be filled by a single ML 7.4 earthquake. 

0 The area of interest is at the nom end of the aftershock zone of the 
1954 Fairview Peak-Dixie Valley earthquakes, a zone characterized by 
mderate-to-high seismicity (Ryall, 1977). 

Recause of the high potential for induced seismicity, a detailed 
microearthquake study was undertaken by the University of Nevada in parallel 
w i t h  ather studies in the Dixie Valley area. The primry objective of this 
study was to provide a baseline for assessnent of changes in seismicity 
associated w i t h  future injection of geothermal fluid into deep wells if the 
geothermal field is developed ccmmrcially. Primary objectives of the 
investigation were to operate a netwark of seismic stations in Dixie Valley, and 
to analyze and interpret the network data. The DOE contract supporthg this 
study began on 16 August 1979 and was initially written to cover a one-year 
effort. The Seimlogical Laboratory installed ten seismic stations in and 
around Dixie Valley in December 1979, and the network began full  operation in 
January 1980. Primarily because of high equipnent reliability and very lm 
seismicity the rate of expenditure on t h i s  project was l&er than originally 
anticipated, and the period of perfomce was extended from 12 to 27 mths at 
no additional cost to DOE. 

zone 
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SEISMIC CYCW IN THE WESTERN GREAT BASIJY 

A nuTTsser of papers have been publish& treating various aspects of the 
seismic risk problem in Nevada. Slexmxxs et al (1965) wiled a catalog of 
earthquakes for the Nevada region for the period 1852-1960. (1966) 
studied seismicity of the western United States based on earthqudke catalogs for 
various regions. Slenmxls (1967) used photogramnetric methods to mp Pliocene 
and Quaternary faults within the Great Basin province, and grouped the faults 
according to degree of weathering and other age-related parameters. Ryall et al 
(1974) studied microearthqmke activity for 1970 and 19718 and capred the 
distribution of these events w i t h  locations of large historic earthqudkes and 
active faults. Ibuglas and Ryal l  (1975) used ewthq@ce recurrence statistics 
for 1932-1969 to determine average acceleration return periods fran calculations 
involving distance to the causative fault and mgnitude. Wallace (1977, 1978) 
studied the mxphology of young fault scarps in north-central Nevada to estimate 
average recurrence times i n  that region. -11 (1977) reanalyzed historic and 
current seismicity patterns to determine the Wacter  of the seismic cycle, as 
well as foreshock and aftershodc sequences i n  western Nevada. VanWonner and 
-11 (1980) and Ryall a d  VanWormr (1980) related earthquake hazard and 
maximum mgnitude to structure and active tectonic processes along the Sierra 
Nevada-Great Basin boundary zone, and recoermended changes i n  seismic zonation 
for the western Great Basin. 

Larqe Historic Earthqwk es 

l?yall et  a l  

During the historic period since about 1840, five major (M > 7) -es 
have occurred i n  the western Basin and Range province. Approxhte rupture 
zones for these events are shclwn on Figure 1, arad descriptions are given belcrw. 

B) 1845(?) Stillwater area(?). A t  the t ime of the 1869 Virginia C i t y  
earthquake the Gold H i l l  News reported that a Washoe Lake Piute aged abart 
30 years stated that there had been a great earthquake when he was a little 
boy, while Indians fran the Walker, Carson and Trudkee Rivers were fishing 
at the Carsan Sink. The shock knocked people dawn, river banks were shaken 
dawn i n  the vicinity of Stillwater, and the river changed its course. 
Slemnons et al (1965) placed this event farther to' the West8 near Fyramid 
Lake, and gave it a date of 1852(?) based on an 1865 Indian report of ground 
failure in the Pyramid Lake area and landsliding along the Sierra Nevada 
near Reno. 

- March 26, 1872, Qens Valley, California. In h e  Pine, out of a total 
population of 250-3008 23 were killed and 60 injured: 52 out of 59houses 
(mainly adobe) were destroyed. Faulting along the east side of the Owens 
Valley extended for a t  least 70 k m 8  w i t h  scarps up to 7 meters hi#. 'Ihe 
earthquake was felt over 640,000 sq miles, which according to  Oakeshott et 
a1 (1972) W d  correspond to magnitude around 8. 

October 28 19158 Pleasant Valley. This earthguake was accoTlpanied by 
faulting for a distance of 30-40 miles along the western face of the Saxmna 
Range, with scarps 2-4 mhigh. Damge was greatest a t  Kennedy, where every 
hilding was destroyed: in W i n n e m c c a  nearly every dhirrmey was topled, 
walls were cracked and a few thrclwn dawn. The shock was felt over 500,000 
sq miles. Richter (1958) es th ted  that it had rngnitt.de 7.6. 

i 

http://rngnitt.de
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Figure 1. Generalized map of late Cenozoic structural features 
of the western Great Basin (Wright, 1976), together with epi- 
centers of earthquakes for the period 1969-1978 (dots) and ap- 
proximate rupture zones of major historic earthquakes (stippled t 
areas, with year of the main shock) . 
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I 
0 December 20, 1932, Cedar Mountains. The Cedar Mountains earthqudke had 
magnitude 7.3 (Richter, 1958) and was felt throughout Nevada, California and 
Utah. Faulting consisted mainly of fissures with occasional evidence of 
vertical or lateral slip (Gianella and cdllacjhan, 1934). Vertical scarps 
were small8 usually only a few inches; the zone of surface rupture extended 
for about 60 km in a northwest-southeast direction, and was 6-14 km wide. 

ekceniber 16, 1954, FaiMew Peak-Dixie Valley, In this sequence, a 
mgnitude 7.1 shock at Fairview Peak was follcrwed 4 minutes later by a 
mgnitude 6.8 event about 55 km to the north in Dixie Valley (bmey, 1957). 
These -es were acaxpanied by surface ruptures in tsm zones tr-g 
slightly east of north. The southern zone, associated with the Fairview 
Peak shock8 was 50 km long and 10 km wide; the Dixie Valley rupture zone to 
the north was about 40 km long and 5 h wide. The Dixie Valley zone had 
mre than 2 m of dip-slip nmwment8 while the Fairview Peak zone had abaut 4 
m each of vertical and horizontal m v m t .  The two shocks did little 
damage because the region of maximum shaking was very sparsely populated; 
hawever, they were felt over 2208000 sq miles in eastern Oregon, -8 

Utah, California and northwest Arizona. The m e s  in Decerrtber 
followed by only a few mnths the Fallon-Stillwater earthquakes of July 6 
and August 23, 1954. The first of these, with magnitude 6.6, caused damage 
at Fallon; the second had magnitude 6.8. The cabin& rupture zcne of the 
two events had length 40 km and was a few )an wide; it was parallel to and 
about 30 )an west of the Dixie Valley zone. 

Active Faults. 

Fran the geologic literature, active faulting in the western Great Basin is 
distributed rather evenly over mch of the region and not confined to a single 
beltanalogoustotheSanAndreas Zaneincalifda. Figure 2, based on a 
paper by s1-s (1967), shuws faults in late -ternary alluvium, M e  
sediments of the playa, Barneville or Lahonton type8 or glacial deposits. 
Appmximately a thousand faults are sham on the figure, ranging in length fran 
about 1 to mre than 100 h. Presumably faults shuwn as continuous for several 
tens of kilaneters on the figure were so mapped because they had fresh, 
continuous scarps that could be clearly identified on aerial photographs. 
Faulting associated With the 1915 Pleasant Valley and 1954 Dixie Valley-Fairview 
Peak earthqudkes appears in the center of the figure as an amst COntinllOUS8 
200-IUR long zone; in contrast8 the 1932 Cedar Mountains rupture, just south of 
the 1954 m e 8  consists of about 20 -11 faults or fissures8 m e  of which is 
m r e  than a few kilaters in length. 

estimted 
the mst recent age of displacement for 19 clusters of faults in an area of 
17,000 sq km in north-central Nevada. He concluded that no m e  than seven 
major events occurred in this area in Holocene time8 leadingtoaverage 
re-rupture times of 4#000-308000 years for the various rupture zones in the 
study, based on the assuption that a typical rupture mne has area of ,abaut 
1,000 sq km, and that such rupture zones caprise the entire 2258000 sq km 
region containing Holocene scarps in thewesternGreat Bash. Wallacealso 
observed that fault-scarp mrphology in the rupture zones of major historic 
earthquakes does not suggest faulting at a greater rate than in surruuding 
areas . 

In recent studies of fault-scarp mrphology, Wallace (1977,1978) 
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In the Dixie Valley area, Wallace (1981, personal cammication) has 
concluded that the 1954 earthquake was preceded by faulting concentrated in the 
nom end of the rupture zone, and that this area acted as a nucleation point 
from which the rupture propagated to the south at the time of the min shock. 
In support of this conclusion he observes t3at a series of 4-5 scarps in the 
vicinity of Dixie Hot Springs had recurrent m e m n t  during Holocene the, while 
scarps to the south did not, that the 1954 shock produced only small 
displac-nt in the northern part of the valley and large displacements to the 
south, and that Ranney's (1957) epicenter for the Dixie Valley earthwe was at 
Dixie Hot Springs (39.8 deg N, 118.1 deg W, depth about 40 km) . 

Wallace (1978) has also identified a seismic gap, between the 1915 and 1954 
rupture zones, Which he describes as follms: 

Wetween the southern end of the 1915 Pleasant Valley scarp and the 
northern end of the 1954 Dixie Valley scarp is a segment of fault-generated 
range front which has not broken in historic time. The gap is about 40 Ian 
long, and includes the precipitous east flank of the northern end of the 
Stillwater Range. " 

"This precipitous seyent of range front is about 20 km long and rises 
approximately 1,000 m from the floor of Dixie Valley. A slope of between 
30 and 35 degrees is maintained over much of the scarp height. The 
steepness of this scarp suggests a rate of uplift much hitjher than the 
regional average and thus accelerated uplift in the last few million years. 
If uplift of 1,000 m is assumed to have occurred in 2 million years, the 
rate of uplift is 0.5 m per 1,000 years. If a 31n displacemnt event 
produces an M7 event, the average interval of time between such events 
wxld be 6,000 years, discounting the effect of -11 events and tectonic 
creep 'I 

"The age of the latest scarp at the base of the east flarik of the 
Stillwater Range is not well determined, but a preliminary analysis of its 
mrphology suggests that the latest displacement is no older than about 
12,000 years (Holocene). The basal part of the scarp, whi& probably was 
produced in a single event, is approximately 8 m h i g h  and, corrected for 
erosion, represents displacemnt of approximately 5-6 m." 

"If the 40 *long gap were to be filled by a single fault event 
having an average displacement of 5 m, an earthquake of approximately 7.4 
ML could be generated. I' 

. .  

Rates fran Instnnental w. 
The results of Wallace and Pease provide an opportunity to carpare 

recurrence rates determined from pleoseismic studies with those obtained from 
lists of instrumentally recorded earthquakes. -11 (1977) gives a recurrence 
rate of 

7- 

log N =  4.85 - 0.784 M 
based on 2,000 earthquakes recorded in the entire Nevada region fran 1970 to 
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1974. For the period 1932 to 1969, Douglas and Ryall (1975) give a recurrence 
rate of 

log N = 6.48 - 0.91 M 
for the western Great Basin. Assuming that the rupture m e  for a typical large 
earthqudke has an area of about 1,OOO sq km and that such rupture zones carprise 
the entire 225,000 sq km in which Holocene faulting has occurred, these 
recurrence rates lead to re-rupture times of 7,000-10,000 years. 

Foreshocks afid Aftershocks. 
With regard to foreshocks, a search of 13 northern Nevada newspapers for 

the historic period prior to 1917 (Z+pndix A) and instrumental recordings after 
that t im (Appendix B) indicates that both the 1915 Pleasant Valley and 1954 
Dixie Valley-Fairview Peak earthquakes were preceded by mderate seismicity for 
at least several decades prior to the main slmdc. A -ison of reported 
intensities for cumumities a r d  the meizoseisml area of these events 
indicates that at least eight earthquakes with k! = 4.0-4.5 occurred in the 
Pleasant Valley area during a 43year period prior to 1915, and five shodks with 
M = 4.5-5.5 were located in *e Dixie Valley area during an 82year  period prior 
to 1954. The level of activity for the t w o  zones was similar: each had a 
return period of 5 to 6 years for events with M > 4. Taking into account 
differences in area of the rupture zone of a great earthquake and area of the 
regia cmtaining Quaternary faulting, this indicates a rate of foreshodk 
activity several times higher than the average rate of occurrence of events with 
M > 4 in the Nevada region during the 1970's. 

As observed in other regions, large shocks in the Great Basin may also be 
preceded by a period of quiescence follawing the general increase in derate 
seismicity mtioned above. This is illustrated by Figures 3 and 4, which shm 
the distribution, respectively, of individual earthqdces with M > 4 and of 
energy released in the Dixie Valley-Fairview Peak area before 1954. cx1 Figure 
3, earthqudke activity in central Nevada (area bounded by latitude 38 to 40 deg 
N, longitude 117.5 to 119 deg W) is sham as a function of tim and latitude, 
for the period 1930-1962. The figure is based m locations and magnitudes given 
by Slemmns et a1 (1965) for earfhquakes with M > 4. On the left side of the 
plot, activity during the first half of the 1930's represents 
mainsho&/aftershock activity in the cedar Mountains-Excelsior Muuntains. 
Seidcity in the Fairview Peak area is represented by a few events in the late 
1930's, a 12year period of quiescence fran 1940-1952, a burst of 11 in 
late 1952 (largest M = 4.8) in the vicinity of the 19% main shock, a 19-nonth 
gap, and intense activity before the main shock. 

events 

The sane sort of increase in activity follcrwing a period of quiescence is 
shown by the plot of energy release on Figure 4. This fi- also suggests that 
the increase in seismicity preceding the 1954 earthquakes was distributed over a 
sizeable region, and not sinply concentrated in the imnediate vicinity of the 
inperding main shock. A similar observation, of a period of quiescence follcrwed 
by intense foreshock activity distributed O v e r  a sizeable area, was mde by 
Ryall and Ryall (1981) for the recent Marrmoth Lakes earthquake sequence. For 
the 1915 Pleasant Valley shock, hcwever, the pattern Was SOTLewhat different. As 
indicated by the newspaper accounts in Appendix A, there were reports of six or 
seven earthquakes fran 1872 to 1900 that were probdbly located in Pleasant 
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A2.0 

Figure 4. Energy release as  a function of latitude and time for 
central Nevada. Plot includes same data as Figure 3, but period 
is 1945-1954. A(2.0) is the logarithm of the number of ML 2.0 
earthquakes that wuld be equivalent t o  the to ta l  energy released 
by earthquakes within a 6-km by 75-day grid square. Numbers were 
snoothed with a triangular f i l t e r  before log N(2.0) was calculat- 
ed. Energy was determined from Richter's (1958) formula log E 
(ergs) = 11.8 + 1.5 M. 
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Valley, and no events i n  that area w e r e  reported i n  the period 1901-1914. 
Hawever, the only foreshock activity f o l l d n g  this 15year period of quiescence 
appears to have consisted of two strong foreshocks within s i x  hours of the main 
Shock 

W i t h  regard to aftershocks, Figure 5 shcrws the rate of microearthquake 
activity for 1970-1975 i n  each of the zones that had major earthquakes i n  the 
wes te rn  G r e a t  Basin during the historic period. The ordinate on this figure 
shms the average nmber of earthquakes located i n  each of the rupture zones per 
year, am3 the abscissa is the the i n  years af ter  the main shock. The figure 
clearly indicates that the rate of earthquake occurrence in  these zones is 
inversely proportional to t i m e  after the main shock, and that aftershock 
activity follaWing a typical large earthquake i n  this region decays to a minimum 
level a f te r  about a century. This is amst an order of Fgnitt.de longer than 
the 15year aftershock sequence Fedotov (1968, 1971) found for major earthquakes 
in  the western Pacific (see belcrw),  and i n  general suppo&S the long re-rupture 
times discussed above for f a u l t s  in the G r e a t  Basin. - .  

One final observation about aftershock activity i n  Dixie Valley is 
area as a function 

FollaWing the 
r of the figure, the 
elease, but  also to 
zone is relieved. 

i l lustrated by Figure 6, which s h m  energy released i n  
of latitude and the, for the period 1 July 1954-30 June :;3981. 
main shock, shckln by the large spike i n  the laver left 
seismicity appears not only to decrease in terms of ene 
migrate south as residual stress i n  the northern part o 

Seismic Cycle i n  the Western Great Basin. -- -- 
I .  

Fedotov (1968, 19711, studykg long-term s in the 
western Pacific seismic belt, concluded that rupture zone of a 
typical great earftquake i n  that region there is a I' of activity that 
lasts for a b u t  140 years, and that this cycle ha e parts.  During fhe 
first 15 years after a catastrophic earthquake, of activity -- 
expressed in  equivalent nmber of sma l l  (M es needed to 
achieve the total energy release - decreases by a fact& of 1,000 to scme 
minimum level. FollaWing this aftershock period the activity stabilizes a t  the 
minimum level for mre than a century; during any 5yeartperiod there is high 
probability that the activity w i l l  be within a factor of two of this level. 
During the f inal  10-15 years of the cycle there is a foreshock sequence i n  which 
the activity gradually increases, reaching a level about 2.5 times the minimton 
just  before another great earthquake occurs. 

While tectonic processes in the western Pacific region are different than 
those i n  the G r e a t  Basin, Fedotov's seismic cycle, based as it is on a large 
n&r of mjor earthquakes, provides a @el for conparison with earthquake 
occurrence i n  the Nevada region i n  general, and Dixie Valley in particular. 
Fropn the preceding discussion, we draw the follawing conclusions: 

a The "seismic cycle" in Nevada is of the order of thousands of years long. 
In support of this conclusion we note that no two of the five major 
historic earthquakes i n  the western G r e a t  Basin have occurred in the same 
rupture zone, that fault-scarp mrphology studies i n  northern Nevada 
indicate re-rupture t h s  of thousands of years, and fhat recurrence rates 
based on current seismicity are in  agreement w i t h  long re-rupture times. 

http://Fgnitt.de
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Figure 5. Average nunber N of earthquakes per year for 1970-1975 
Within the rupture zones of large (M > 7) historic earthquake, as a 
function of time T in years after the main shock. 
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Figure 6. Energy release as a function of latitude and time for 
northern Dixie Valley, latitude 39.5-40.2N, for the period 1 July' 
1954 - 30 June 1981.. A(2.0) is the logarithm of the number of ML 
2.0 earthwakes that would I& equivalent t o  the total  energy re- 
leased by earthquakes within a :2-h by .197-day grid square. 
Numbers were smoothed with a triangular f i l t e r  before log N(2.0)  
was calculated. 
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i 
e Atypical large (M > 7) earthquake h the Great Basin is follmed by an 
aftershock sequence lasting about a century, which gradually relieves 
residual stresses in the rupture zone. Seismicity in the rupture zone then 
stabilizes at some minirrann level for a long period of t i m e .  Most of the 
western Great Basin is observed to have a backgroUna level of minor 
seismicity, and the distribution of small earthqudkes is often difficult to 
identify w i t h  particular faults on the surface. 

e Foreshock activity in the Great Basin appears to consist of a derate 
increase in seismicity in the zone of an inpending rupture, occurring over 
a period of at least several decades before the main shock. In the final 
"preparation stage," there may be a period of quiescence lasting for 
several years, follaved by an intense foreshock sequence in the mths 
preceding the min shodk. In the case of the 1915 Pleasant Valley 
earthquake, the main shock was preceded by about 15 years of quiescence, 
which appears to have ended only hours before the large earthquake. 

0 The area of this study, Dixie Valley, was affected by a large shock in 19% 
that generated an average of 2 m displacemnt along nom1 faults in a zone 
40 km long and 5 km wide. after 
the Fairview Peak earthquake, and filled part of a seismic gap between that 
event and the 1915 Pleasant Valley rupture zone. The magnitude given by 
the California Institute of Technology for this earthquake was 6.8, based 
on surface-wave amplitudes. Hawever, Ranney (1957) notes that body-wave 
qlitudes at teleseismic distances were greater for the Dixie Valley shodk 
than for the PI 7.1 event four minutes earlier, and attributes the different 
partitioning of energy between body- and surface-waves to the fact that the 
second event was deeper (40 km) than the first (25 km). 

The Dixie Valley shock occurred 4 minutes 

e Qualitative analysis of activity in the Dixie Valley area since 1954 
indicates a general decrease in energy release appropriate for an 
aftershock sequence. There also appears to have been a migration of 
activity taward the south, presumably as residual stresses in the northern 
part of the valley have been relieved over the last 27 years. 

0 According to Wallace (1978) the area of mst importance to this study - 
northern Dixie Valley between Dixie Hot Springs and the Sou Hills - is a 
seismic gap that has the potential for an earthquake with maximum magnitude 
of about 7 1/2. This 40-km long zone between the 1915 Pleasant Valley and 
1954 Dixie Valley rupture zones is marked by a precipitous segment of range 
front bounded by Holocene scarps up to 8 mhigh; Wallace concludes that 
the average interval between mvements along this zone i s  about 6,000 
years, and that the latest m v m t  is at least several thousand years old. 
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GEDm1c/sTR- SEXTING 

Stations of the Dixie Valley seismic network (DVSN) were located in and 
around Dixie Valley, a typical Basin-Range valley about 100 km long and 20 km 
wide, extending in a "E-SSW direction in central Nevada (Figure 7) .  The valley 
is bounded on the west by the Stillwater Range and on the east by the Clan 
Alpine Mountains. According to Willden and Speed (1974): 

"The Stillwater Range is a mrth-trending horst bounded by high-angle 
faults of large vertical displacement. Nom1 faults of less displacement 
cut the block, and differential displacemnts on the blocks within the 
horst have tilted erosion surfaces in various directions. Sane nom1 
faults in the interior'of the range extend to the flanks and contime as 
range-front faults (Page, 1965). Faulting and earthquakes have occurred at 
a nunher of places in historic time in the vicinity of the Stillwater 
Range. .The range contains several d t s  of deformed Mesozoic rocks 
separated by thrust faults, and is the center of a large complex of mafic 
igneous rocks, and a remarkable succession of volcanic and intrusive rocks 
of probable Cenozoic age. I' 

"The Clan Alpine Mountains trend northward from their southemst 
point at Westgate on US Highway 50 to their intersection on the north with 
the Augusta and New Pass Muntains. The range ins the highest pint 
in Churchill County, Mount Grant, 9,966 feet. sent configuration of 
the Clan Alpine Mountains is a result of block fault-ing, much of which is 
J3olocene. The western mrgin of the range is underlain by Tertiary 
volcanic rocks along mfdh of its length, and these'rodks are dmthram by 
m m ~  faults relative to the muntain range proper 'lying to the east. The 
structure suggests that the west flank of the Clan Alpine Mountains m y  
descend gradually by step faults of relative1 11 displacement taward 
the floor of Dixie Valley. The opposite side Dixie Valley differs 
because Quaternary deposits are faulted directly against a block of 
preddnantly Mesozoic rocks. . The Clan Alpine Mountains expose three 
successions of rocks of Mesozoic age, [and the northern part of the range1 
contains the eastemst exposures of the CJurassicl H-ldt g&broic 
-lex. . The Clan Alpine Ebuntains contain contrasting terranes of 
Tertiary volcanic rocks. The northern part of the range in the Shoshone 
Creek drainage is partly covered by accumulations of rhyolitic ash flaws 
that m y  be as much as 2,000 feet thick." 

According to Whitney (19801, photogealogic analysis indicates that the 
valley is a canplex graben bounded by high-angle Basin and Fbnge faults. The 
main fault system in the area is the Stillwater fault, which bounds the the 
Stillwater Range on the southeast and trends N36E from Dixie Pkadows into 
Pleasant Valley. This zone is marked at the surface by very fresh scarps in 
alluvium and bedrock, and geamrphic features indicate that the zone i s  very 
active. Whitney states that the fault dips 50-60 deg SE in the northern part of 
the valley, and that notion on the fault is prhrily dip-slip, with a minor 
right-lateral slip ccpllponent. South of Dixie Meaduws, Which marked the 
northernmost extent of prhry faulting in December 1954 (Slemmns, 1957), the 
fault trends almst N-S (Figure 7) As illustrated by Figure 8 (from Whitney, 
1980) , Dixie Valley graben is asyntnetric, with a nwber of Nw-dipping step 
faults bounding the southeast side of the valley. 

the 
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Figure 7. Generalized geologic and geo@hysical map of the west 
Hmboldt, Stillwater and Clan Alpine Ranges, Nevada. Subsurface 
structures inferred from geqjhysical data (fm Smith, 1967). 
Hachured area is not referred to in  the present report. Solid 
triangles -- stations installed for this study (Table 1) 
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Figure 8. Three-dimensional model of the northern portion of 
Dixie Valley. Structural relationships among the various tecton- 
ic elements are depicted, with alluvium removed and the bedrock 
surface restored (from Whitrley, 1980). 
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Wallace (1979, 1980) proposes a tectonic d e l  for the Basin and Range that 
involves listric faulting in an upper, brittle crustal plate i n  response to 
regional extension concentrated i n  narm zones of anelastic deformtion or 
intrusion at depth. Diagramnatic cross sections illustrating this We1 for the 
northern G r e a t  Basin are s h w  in Figure 9. In Figure 9a, the model is 
constructed to incorporate (1) eastward t i l t ing  of the ranges (defined by the 
dip of basalt flows that cap mst of the ranges) i (2) first- and second-rder 
relationship of ranges, with some blocks having rotated and sl- off other 
blocks; ( 3 )  146horovicic discontinuity at  depth about 30 Ian; (4) mximum depth 
of seismicity - corresponding to maximum depth of the brittle zone - about 
15-18 km; ( 5 )  narrm zones of extension at  depth; (6) listric form of faults 
i n  the brittle part of the crust; and (7) zone of decoupling to accamdate the 
listric style of faulting. Figure 9b is mre speculative, and includes (1) 
zones of extension possibly invaded by intrusive (A on figure); (2) vertical 
propagation of tension cracks through the listric faults (B on figure); (3)  
cmplexity of the glide blocks (C on figure) incorporating blocks of various 
size and sane unrotated blocks; (4) sequence of events, including earlier 
westward t i l t i n g  of khe H-ldt Range ( D  on figure) and cross-tting of older 
by younger fau l t s ;  and (5) a zone of decoupling that is q l e x  rather than 
sinplle, and includes glide planes biased tcxnmrd westward sliding and taward the 
local zones of extension (E on figure). Wallace notes further that: 

' * '  

"Scarps that developed i n  &loc!ene t h e  (last 12,000 + y e a r s )  appear to  be 
dis t r ibu ted  i n  narrm, elongate belts trending N10-25E (see figure 10). 
The belts cross range blocks, for exarrp?le, the belt produced in (see 
1915, figure 10) crosses four range blocks, and the Western a r tez  belt 
(see W, figure 10) trends at  high angle across the Cortez Range front 
fault trend. Within ather belts such as the Shoshone Range (see SR, figure 
10) belt an the H m b l d t  Fbnge belt (see HR, figure lo), faults of diverse 
trends appear reactivated. "his independence of the belts fm obvious 
surficial structures suggests that the elongate belts of reactivation 
relate to deep s t ruc tures ,  and that the effects are propagated upnmrds and 
become superinposed across upper crustal blocks. Regional extension 
appears to be nom1 to  the long axes of these belts." 

1915 
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Figure 9. 
Wallace (written conrmunication). 

Possible interpretations of fault and tectonic data by 
See text for explanation. 
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Figure 10. 'Figure by Wallace (written comunication) , showing distribution 
of Holocene scarps in narrow, elongate belts. Independence of these belts 
from surficial structures is evidenced by the belts crossing range blocks. 
Wallace suggests that the "belts of reactivation relate to deep structures, 
and that the effects are propagated upwards and become superimposed across 
upper crustal blocks. Regional extension appears to be normal to the long 
axes of these belts." 
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INSTRWE"AT1OJY AND ANALYSIS 

Dixie - Valley Station Sites. 

As shawn on Figure 78 stations of *e D i x i e  V a l l e y  Seismic NettlDrk (IXISEJ) 
were located in and around the valley; station data is listed i n  Table 1, and 
site descriptions are given belw. 

The 3 ~ ~ q p 1 e n t  HYX station was located approximately 150 feet beyond the 
adit to the abandoned Hoyt anthmny m i n e 8  and station BYX was about 50 feet 
insideanabandonedmineneartheBayar Ranch. The remaining stations were 
buried about tm feet deep in soil. The BOX station was buried on a granitic 
outcropping: m8 DIX and CHX were on gabbro; CBX was on basalt: =# BYX and 
SOX were on rhyolite: GFtX was at the upper end of an old alluvial fan: and FPN 
is on rhyolite on the NE side of F a i M e w  Peak8 south of Dixie Valley. In 
addition to the ten stations in and aroud Dixie V a l l e y ,  tm nearby stations of 
the Nevada Seismic Network were used i n  the analysis: Station m 8  55 kmNE: of 
station is i n  a mine tunnel i n  Paleozoic metasedimnts8 and K" is situated 
at  the buttom of a 700-foot deep mine shaft, 18 km SSE of m8 cn rhyolite. 

indicated by Table 1, seven of the DVSN statio; began aperation i n  
early January, 1980. Statiolls at  FPN and CBX were added in  April. The *e 
station near Boyar Ranch was vandalized in h g u s t r  1980, and a l l  capcnents 
except the seismcmeter were stolen: the seismometer and new electroru ' cs were 
installed a t  CHX about a week later. Figure 11 sham the amount of up-time for 
a l l  the stations, and indicates that with the exception of C B X 8  CHX and Hwc the 
stations were in operation m e  than 95% of the 22.5 mths of the experiment. 
Station CBX was dam about a third of the time, Hwc had about 14% dawn time, and 

Was inoperable about 8% Of the t h e  nlid-bbV€?S&er8 1981, Six of the 
stations were remved, leaving DIX, FPN and HYX (together with BMN and KVN of 
the pemen t  netmrk) continuing to' d t o r  activity i n  the Dixie 
Valley-Fairview Peak area. 

Instrurrrentation. 

Seismters. Eight of the stations listed in Table 1 were equipped with 
Teledyne-Geotech d e l  5-13 sei-ters. The 8-13 weighs less than 25 pounds 
and has a 5-kilogram mass: it is designed for use in field operations where a 
small, light-wei@t, short-period, rnoving-oOiltype seismrneter is desired. All 
of the seismmeters had free period of 1.0 second8 and 3,6oQ-ohm output coil. 
The S-13 my be used in either vertical or horizontal configuration, and two of 
the seismmeters were installed as horizontal-cmpment instnnnents a t  station 
HYX. The seismometers used at  FPN, KVN and BM!l were Teledyne-Geatech mdels 
1501 (vertical-ccaoponent) and 1101 (horizontal) Benioff seismonreters. These 
instrumnts have been standard for many netmrks, includingthewOrldwide 
Seismic Station Netmrk (WSN); they have the advantage of hi* sensitivity t;o 
small grarnd mtion, but the disadvantage of being ambersane (about 450 pcxlnds 
and too large for field use). The -off transducer is a balanced, 
variable-reluctance type8 constructed so as to produce a voltage proportianal to 
earth velocity. A l l  of the Benioff instrznnents had period of 1.0 s d ;  
station F" had only a vertical-ent seisrroPneter, and BMN and K" were 
triaxial 
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TABLE 1. STATION DATA, DIXIE VALLEY SEI%IC NEXWORK 

Station 

BMN Battle Mountain 40.4313 117.2217 - - 1454 2040 (2) ,09/02/69 1051 
1020 (E) 
2720 (El) 

BOX Box Canyon 39.6153 118.1763 1283 2380 01/11/80 S13 

BYX Boyer Ranch 39 -9542 

CBX Chocolate Butte' . 39.9741 

CHX Cottonwod Canyon 39.9859 

DIX Dixie Hot Spring9 39.8022 

FPN Fairview Peak 39 . 2028 

GRX Grover Canyon , .  - 39.6355 

HLX Hole-in-the-Wall 39.9337 

HYX Hoyt Mine *" 39 . 7728 
.I' 

117 -9178 

118 . 1557 

117.8674 

118 0820 

118". 1550 

117.9890 

117.6632 

117.7633 

1128 2040 01/11/80 

1439 2720 

1234 2040 

. 1143 ' .I02 01/19/80 

2256 272 04/01/80 

1390 1360 

1219 680 

1661 238012) 01/10/80 
2040 (E) 
1700 [N) 

S13 

S13 

S13 

S13 

1051 

s 13 

S13 

S13 

39 .OS10 118 1000 1829 1360fZ) 01/13/72 1051 KVN Kaiserville 
* '  1700(E) 

680 (N) 

SOX Sou Hot Springs 40.1017 117.71.67 1198 , 

* 

1026 01/-11/80 S13 
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1981 I 1980 
I 

Figure 11. Record of station operation. Station down-time 
is indicated by gaps in bar chart. Time is by weeks, from 
16 December 1979 to 14 November 1981. The VCO, transmitter 
and batteries were stolen from station BYX on 5 August 1980, 
and the station was reinstalled at CHX on 21 August 1980. 
Station CBX was installed on 3 April 1980, but was not oper- 
ational until 6 May'wfien a relay was installed on Tbulon 
Peak. Stations FPN, DIX and HYX are still operating in Jan- 
wry 1982, as single-component stations. 



I 

24. 

Awlifierm's. Stations with S-13 s e i m t e r s  had EIntel d e l  6242 
D ~ W ' S .  These units amlify the seimmter output and mdulatea a. 

voieknge m i e r  frequenc~ to-pe-t mltiplexing of up to ei*t channels of 
informtion on a single data link. The 6242 is a mall, all solid-state, 
1aw-pme.r device capable of hi* anplification lin a field environment. All of 
the preamps were set to -18dB attenuation, equivalent to a voltage gain factor 
of approxirmtely 3,000: W O  center frequencies are given in Table 1. Stations 
FPN and CHX had older type Rnkl mdel 6202 preanp-W's; BMN has Teledyne 
model 4300 W u b e  amplifiers and W e 1  model 6207 W's; KVN has 
preanpm's designed and constructed at the University of Nevada. 

Telemetry. Signals fran m s t  of the stations were transmitted to the Reno 
facility m VHF radio links. Except for CHX the S-13 stations used W t r o n  
model T15 transmitters and R E  receivers - m l l ,  rugged units that are capable 
of 1-r operation. Signals fran HLX, HYX, GRX and DIX were multiplexed on 
one lirik, and signals fran SOX, BYX (or CHX) and BQX on another. All of these 
signals, together with FPN and KVN, were relayed fram Fairview Peak, Where a 
single solar panel was used to charge six lead-acid batteries to run t w o  
ane-watt VHF radios. Signals fran Fairview Peak were received at Slide 
Fbuntain, south of Reno, and then transmitted over telephone lines to the 
University. The CBX signal was telerrpetered to a relay an Toulon Peak, near 
Irovelock, frm there to Virginia Peak, north of Fkno, and fran -re to the 
university. Data f r q n  BMN were transmitted to Reno over telephone lines. 

Recordinq. Atq,.the Seismlogical Laboratoq, the multiplexed seismic 
signals were recorded in direct mode on a Bell and -11 rodel vR-3700B, 1-inch 
tape transport. For, analysis, individual earthquakes were played out fran the 
tape onto a lfj-channel chart recorder (Siemens Oscillanink) , together w i t h  time 
marks f r a n  a chrommter and a WWVB radio- signal (Figure 12) . 

Calibration o_f &e S-13 Stations. Equigmmt at the S-13 stations was new 
when the netmrk was installed. At that time the seismters were 
bench-checked for free period, and the VCO's were chedked for frequency 
and deviation. Step-inpt and frequency response checks were m d e  at only m e  
site, the three-ccnpnent station HYX. Since the results on all three 
canponents were identical, a d  since all the equipat was new, it was assumed 
that aperating characteristics of the other stations wuld be identical to EM[, 
and as a result only step-input calibration was performxl at those stations. 
Results of calibration are sham 081 Figure 13. 

center 

Stations HYX, HEX, GRX, 9oX and DIX were found to be very nearly identical 
in sensitivity. Station BQX had only half the gain of the other stations, 
apparently because of a faulty or mladjusted amplifier. Station CHX, Whidh had 
an older d e l  anplifier after m s t  of the original equipnentwas stolen fran 
BYX, also had only half the gain of the other S-13 sites. Station CBX was not 
calibrated, lxlt appears to be identical to HYx in operation, based on playbacks 
of teleseisrrrs recorded by both stations. 

Analysis. 

-lysis of the WSN data began in Jan-, 1980, follckJing installation of 
the netmrk. Arrival times of crustal @bases Pg, ph and Sg were masured to an 
accuracy of about 0.02 second, together with direction of first mtion, coda 
length, and for sane of the smaller events, maximum qlitude. Calculatim of 
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Figure 12. Example of playback for a small (ML 0.3) event 
in northern Dixie Valley (39.931N, 113.774, depth 7.2 km). 
Time marks are 10 seconds apart. 



26. 

I oe 

IOE 

10' 

10 

1 

I 

Figure 13. System magnification for 3-component station HYX. Pulse cali- 
brations indicated that HYX, GRX, SOX and DIX had essentially identical 
magnification; stations BOX and CHX had one-half the gain indicated on 
this calibration curve. 
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hypocenter mrdinates and magnitude were acqlished using the HYPO71 
algorithm of Iee and Lahr (1975). For the period 1970-1975, mst central Nevada 
ewthqmkes were located using a pragram NEVIDC, mdified from an original 
algorithm described by Ryall and Jones (19641, although some of the 
better-recorded events were analyzed w i t h  the HYPO71 routine. For the period 
1976-1979, mst earthquakes were located using a program NfWLOC2, written by W. 
Pe&n (described in the 1975-1979 and 1980 issues of the Bulletin of the 
Seismlogical Laboratory), but scme events were located using Hypo71. For all 
of these calculations, the crust was assumed to consist of a single layer with 
P- and Swave velocities of 6.0 and 3.5 ~ s e c ,  respectively, and thickness of 
28 Ian. Results of analysis are tabulated in m n d i x  B, and discussed i r i  the 
next section of t h i s  report. In Appendix B, events located using Hypo71 are 
those with quality A, B, Cor D t  events without quality listings were located 
using NEVLDC or -2. 

Maqnitude . 
I Magnitude was, determined from measurements of either maximum trace 

anplitude or mda-:duration. Most magnitudes for 1980 and 1981 were determined 
from coda lengt3 ony,playbacks similar to that an Figure 12. Magnitude for 
events located wit31 NEVLIX were determined from measured trace amplitudes, 
either on Wood-Andekson recordings at Reno or on playbacks of signals recorded 
at m, T e J p (  ) or WCN (Washoe City). Magnitude for events located with 

I I NIWLDC2 for 1 9 were determined either from amplitude or coda 
1 measurements. 1 cases, constants in the magnitude equations as well as 

Sierra Nevada- IWada-Great Basin boundary zone would be consistent With those 
I determined from the Reno Wood-Andersm recordings, or with University of 

i 

I station correct ctors were determined so that magnitudes for events in the 

I California, Berkeley, magnitudes. Descriptions of the two magnitude 
1 calculations are given belm. I 

I 

Awlitudemqhftude. Wirical relations were developed by J. D. Vanwormer 
between masured trace amplitude at stations Battle Mxntain, Tonopah and Washoe 
City, in the form 

(1) ML = C1 + log A + C2, 

where EIL is "local magnitude" (see Appenaix C), C1 is a correction for distance 
and C2 is a station correction factor. Vanwormer found C1 to be 

C1 = 1.268 $. .027 D 
2.492 + .085 D D = 50-400 h 
3.613 + .002 D 

D less than 50 Jun 

D greater than 400 )an. 

In equation (l), A is the m a x h ,  unclipped, peak-to-peak amplitude masured in 
mn on strip-rt recordings like that on Figure 12. To determine the 
correction factor C2 VanWbnner canpared magnitudes determined from Nevada 
netwark recordings w i t h  those of the University of California for 34 events with 
ML in the range 2.7-4.3. Vanwormer's analysis was extended to the Dixie Valley 
network by aomparing coda- and amplitudelMgnitudest station correction factors 
C2 are listed in Table 2a. 
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TABLE 2. STATION CORRECTION FACTORS FOR MAGNITUDE DETERMINATION. 

STATION A. CORRECTION FACTOR FOR B. CORRECTION FACTOR FOR 
AMPLITUDE-MAGNITUDE DURATION-MAGNITUDE 

BMN 
BOX 
BYX 
CHX 
DIX 
FPN 
GRX 
HLX 
HYX 
sox 

-2.75 f 046 
-2.17 * -50 
-2.46 i 046 
-2.75 f 058 
-2.56 f 044 

-2.52 f -47 
-2.41 f 034 
-2.62 f 050 
-2.73 f -26 

009 f 020 
-.32 f 023 

.21 f -28 
-68 f .19 
045 f 037 
020 f 024 
-04 f 022 
.50 * .21 

I 
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wa-masnitude. The codamgnitude relation for short-period vertical 
instruments of the Nevada network is 

ML = -1.2 + 2.65 log T + 0.0013 D, (2) 

where T is coda duration i n  seconds, as defined by Lee and Lahr (1975), and D is 
epicentral distance in kilmters. The relation is based on a set of 12 events 
with Berkeley mgnitude ML = 3.0-5.7, that occurred along the Sierra 
NevadaGreat Basin boundary zone. The standard deviation between E3RK and UNR 
for these events is 0.09 ML. Duration data for nine Benioff stations and 21 
other stations of the permanent network were analyzed separately, The 
coefficients of the mda duration and distance terms were found to be the sane 
for the two sets of stations. The Oodamgnitude calculation was extended to 

Lakes 
w i t h  knuwn mgnitudes i n  the range ML = 3.14.9; station axrections used i n  
this study are listed in Table 2b. 

the Dixie Valley network by coanparing magnitudes for.25 events at ?lamnth 

3 s  
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l"mA'I'I0N AND DISCUSSION 

pistribution gf Earthquakes in Space and T h .  

The spatial distribution of earthquakes in the Dixie Valley-Fairview Peak 
area is s h m  on several figures. Figure 14 shows the- location of 1,128 
eartliquakes analyzed by the University of Nevada for the period 1 1970 
to 30 June 1981, within the area 38.8-40.50N, 117.3-118.7OW. Clusters in the 
laver part of the figure (latitude about 38.90N) are in the northern end of the 
1932 Cedar Mountains rupture zone. The dense cluster in the center of the 
figure (latitude 39.0-39.5aN) is in the southern (Fairview Peak) part of the 
1954 rupture zone, and activity in Dixie Valley (latitude 39.5-39.8oN) is in the 
northern part of the zone. Scattered epicenters in the upper right part of the 
figure are in the 1915 Pleasant Valley rupture zone, and the long cluster of 
events west of about 118.3OW is in the aftershock zone of two magnitude 6.8 
shocks in July and August, 1954 (Rainbow Mountain, Stillwater earth-es). In 
general, this figure indicates that aftershocks of the Dixie Valley-Fairview 
Peak earthquakes are distributed in a 90 la-long, 20 lun-wide zone trending 
almost N-S. In the area of particular interest to this investigation --between 
Dixie Meadm and Sou Hot Springs (DIX and SOX on the figure) only 11 events 
were detected for the entire 11.5-year period. Five of these -With mgnitudes 
in the range 0.1-1.6 --were recorded by tihe DVSN in 1980 and*1981; the largest 
event in this area, in 1973, had ML 3.0. 

January 

Figures 15-18 show the distribution of events for four three-year periods -- 1970-72, 1973-75, 1976-78 and 1979-81 -- with nmbers of events, 
respectively, 415, 392, 307 and 143. Although part of this decrease in annual 
nuniber of events is an artifact of a fluctuating network detection threshold, 
there does appear to have been a real change in seismicity, starting in 1977 and 
continuing through 1981. This is illustrated by Figure 19, which shms the 
distribution of 447 events in the Dixie Valley-Fairview Peak zone as a function 
of time and latitude, and includes only earthqudkes with E1L greater than 2.0. 
On this figure the change in seismicity is particularly apparent in the southern 
part of the zone, where a change in density of the symbols corresponds to a 
change in the rate of activity: the average nunber of ML 2+ events in the 
southern part of the zone (30.0-39.150N) was 29/year from 1970 to 1976, and only 
6/year for the 4 1/2-year period 1/1/1977-6/30/1981. 

A similar pattern of decreasing seismicity was reported by VanWomr and 
-11 for the Sierra Nevada-Great Basin boundary zone in 1977 and 1978. 
This period of quiescence was follaved by "a burst of sizeable earthquakes, 
aftershocks and swarms in all parts of the zone in late 1978 and 1979." As noted 
by Flyall and Ryall (1981), the increased activity in 1979 was mst intense in 
the Marrmoth Lakes area, culminating with several magnitude 6+ earthquakes on 25 
and 27 May, 1980. Camparing several characteristics of the lrhmnoth Ldkes 
sequence with behavior that various authors have tentatively identified as 
precursory to large earthquakes, Ryall and Ryall concluded that "precursory 
phenomena reported in the literature may, at least in some cases, have been the 
result of regional, rather than local stress changes. If so, such changes could 
create favorable mnditions for large earthquakes to occur anywhere within a 
sizeable region, rather than in the inmediate vicinity of some particular 
anarnalous observation." The decrease in seismicity within the Fairview 
Peak-Dixie Valley aftershock zone was generally synchronous with that in the 

(1980) 
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Figure 14. Earthquakes in the Dixie Valley-Fairview Peak area, 
1970-1981 . 
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Figure 15. Earthquakes in the Dixie Valley-Fairview Peak area, 
1970-1972. Area is same as Figure 14. 
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Figure 17. Earthquakes in the Dixie Valley-Fairview Peak area, 
1976-1978. Area is same as Figure 14. 
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Sierran frontal fault zone, supporting the idea that major changes in seismicity 
may occur on a regional scale. 

Inspection of Figures 15-18 suggests that the Fairview Peak-Dixie Valley 
This pattern zone may be made up of a n&r of NW- and NE-trending fractures. 

was observed previously by wall and &done (1971) 8 wfvo stated that 

"The over-all trend of the Dixie Valley and Fairview Peak zones is about 
NO70 E, wfiidh agrees well with the strike of N W E  given by Savage and 
Hastie (1969) for a dislocation model based on geodetic changes that 
accompanied the 1954 Fairview Peak earthquake. Elmever, ourresults 
indicate that this zone is made up of a zigzag. series of northwest- and 
northeast-striking fractures very m c h  like the pattern of 
mrthwest-trending compression ridges and northeast-striking tensional 
cracks found by Larson (1957) in a study of minor features of the 1954 
fault zone. 'he main Fairview Peak zone strikes about N l m ,  and the sense 
of m i o n  in t h i s  zone i s  right-lateral oblique slip, the east side mwing 
southeast anddcrwn. At the southem terminus of the main zone is a 
southwest-trending line of fractures, and north of the main zone there 
appears to be an en-echelon series of northeast-striking faults." 

Figure 20 shaws all events f r a n  1974 to 1981 for which the quality of the 
Hypo71 hypocenter determination was A or B ( h e  and Lahr, 1975). Of the 42 
events shown, 36 are in the 1954 rupture zone, and these appear to fall in three 
areas -- a N-S main m e  about 60 lan long, arrd terminal fractures at the north 
and south ends of the main zone that trend N30-400E. An average trend for ,all 
the events is about N W E ,  in agreement w i t h  Savage and Hastie's (1969) estimate 
of the trend of the 1954 dislocation surface. 

One other point worth mentioning is that Figure 19 clearly indicates a 
general la& of activity in northern Dixie Valley, the area of mst interest to 
geothermal exploration. On the figure, the 1954 rupture zone is south of the 
dashed line at about 39.770Nr 443 of the events sham on the figure are located 
south of the line, and only 4 are north of it. Thus, for the last decade the 
zone which Wallace (1978) identified as a seismic gap has been almost qletely 
quiescent. 

Focal Depth. - 
In a previous study, Ryall and Savage (1969) conpared focal depths for a 

n-r of natural earthquake sequences in the western Great Basin, and concluded 
that average focal depth appears to correlate with the magnitude of the mh 
shock: ''the 1954 Fairview Peak earthquake, with magnitude about 7, had 
aftershock activity in the depth range 12-14 km along the main fault zone and 
8-13 km in a terminal cross-fault: recent earthquake swarms with m a x h  
magnitude 5.5-6.0 in southern Oregon and southeast Nevada had focal depths 
concentrated in the range 5-10 km, and the shallmest natural earVqmke 
sequence observed so far in the <Nevada region was the Truckee, California, 
series, with magnitude of the main shock about 5.3 and concentration of.foca1 
depths in the range 3-7 km." 

In the present investigation, focal depths were ccmpared for 217 
earthquakes with location quality of C or better (Lee and Lahr, 1975) for the 
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period 1974-1981. The epicentral distribution of these events is shawn on 
Figure 21, and the distribution of events as a function of depth is sham by the 
histogram on Figure 22. Analysis of 207 events with depth in the range 3-22 km 
gave a mean depth of 11.3 h and standard deviation of + 3.22 km. As Figure 22 
indicates, the earthquakes are not evenly distributed but tend to cluster at 
depths of 10-12 km: this clustering is well approximated by a n o m 1  
distribution. A h i s t o g r a m  for 42 events with B-quality solutions shaved less 
concentration in the 10-12 krn range (shaded part of Figure 22), but the man 
value of 10.2 + 2.9 hwas not significantly different than that for the larger 
sanple. For 34 events in the min Fairview Peak zone, 39.15-39.550N, mean depth 
was 12.8 + 4.0 km, in agreement with the observation by Ryall and Savage that 
events in fhis part of the rupture zone were slightly deeper than at the ends. 

On Figure 23, the location of events in different depth ranges is shawn by 
outlines of different types. The figure supports the observation that 
seismicity in the 1954 rupture zone occurs in three areas -- a N-S central zone 
and tednal zones that trend NE-SW. Dip directions cannot be ascertained from 
the plot. The figure also indicates the orientation of t w  cross-sections shmn 
on Figures 24 and 25. 

On Figure 24, depths are sham for 131 events with quality of C or better 
in the southern part of the area studied, on a cross-section viewed in the 
direction N36E. Thecluster on the right side of the figure is in the norlfhern 
part of the 1932 Cedar MMlntains earthquake: the dip of this zone is 5WSE and 
the largest focal depth is about 16.5 km. The cluster on the left side of the 
figure consists of events in the southem part of the 1954 rupture zone: man 
depth in that area is 10.6 + 2.8 km, and mst events are in the range 7-15 la. 
No dip can be seen for this part of the rupture zone. 

Figure 25 is a cross-section Viewed in the direction NO80 W, approxhtely 
the direction given by Savage and Hastie (1969) for the trend of the 1954 
dislocation surface, and the figure contains only events for which the location 
quality was A or 8. The figure would appear to rule out listric faulting in the 
main part of the 1954 rupture zone -- a dip of 59OE fits the points on the left 
(W) side of the figure, dam to m a x h  depth of almost 17 h, and no flattening 
of the zone can be seen. On the right (E) side of the figure, two points 
suggest a possible dip of 50-6ooW, and a cluster of points in the center of the 
figure could have a similar dip. 

In the northerntmst part of Dixie Valley, only five events were large 
enough to be analyzed, and these had depth of 7.2 lun or less. A plot of these 
earthquakes viewed in the direction N40E suggests flattening of the fault With 
depth (Figure 26) 8 but mch mre data wuld be needed to Substantiate such a 
conclusion. 

Recurrence Rates. 

Recurrence curves shcrWing the cumulative n W r  of earthquakes as a 
function of mgnitude areauseful in axparing the seismicity of one area w i t h  
another. Such a plot for the Dixie Valley area for 1.974-1981 is sham on Figure 
27, w i t h  mgnitude restricted to 2.5 or greater: the figure also shws all 
western Great &sin earthquakes outside the Mamnoth Lakes area for 1980, with 
magnitude ML 2.3 or greater. The straight-line portion of a recurrence curve 
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Figure 22. Histograms showing depth distribution for 217 
events with quality C or better (unshaded area) and 42 
events with quality A or B (shaded area). Smooth curve i s  
normal distribution for mean depth 11.3 km, standard devia- 
tion f 3.22 km. 
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Figure 24. Cross-section viewed in direction N36E for 
southern part of Fairview Peak and northern part of Cedar 
Mountains rupture zones. Symbols are not scaled to magni- 
tude. Plot includes 
131 events with location quality of C or better. 
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Figure 25. Cross-section viewed in direction N08E for main 
part of 1954 rupture zone. Plot shows 37 events with loca- 
tion quality of A or B. Dip of 59 deg SE for points on left 
of figure is in good agreement with dip found by Savage and 
Hastie (1969) . for theoretical dislocation surface for the 
1954 shocks. 
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Figure 26: Cross-section for events in Dixie Valley north 
of the 1954 rupture zone, viewed,.h the direction N40E. 
Only events with location quality of C or better are shown. 
There is a vague suggestion of listric faulting indicated by 
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Figure 27. Recurrence curves for the Dixie Valley-Fairview 
Peak area, 1970-1981 (dots), and for all non-Mamnoth Lakes 
events in 1980 (squares). N is the cumulative number of 
events with ML equal to or greater than the specified value. 
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can be represented by the equation 

logN=a-bM, 

Where N is the nunber of events with magnitude equal to or greater than M, a is 
an intercept that depends on the time period and area considered, and b is a 
constant that is thought to characterize seismicity in a given region (Gutehrg 
and Richter, 1954). B-values for the Dixie Valley and western Great Basin 
samples sham on the figure were determined by a mxknum likelihood calculation 
(ai, 1965) to be 1.29 and 0.60, respectively. 

In general, relatively hi* b-values are found to be characteristic of 
aftershock sequences, earthquake swarms, and volcanic earthquakes (Mcgi, 1966; 
Utsu, 1971; Hamilton et al, 1971; Wyss, 1973). A nunber of investigators 
(Eaton et al, 1970; Butovskays and Kuznetsova, 1971; Hamilton, 1972) found b 
to decrease with increasing focal depth, and Healy et a1 (1968) found it to 
increase with pore pressure for earthquakes associated with fluid injection. In 
the laboratory, Scholz (1968) observed different b-values for different rock 
types and found that b decreased with increasing stress in all cases. 
Explanations of the various sets of observations are in terms of an inverse 
dependence of b on applied stress,(Scholz, 1968; autovskaya and Kuznetsova, 
1971; Wyss, 1973); moreover, the various authors concluded that higher 
b-values should be observed in regions for at depths in the crust) Where the 
n-r of inhqeneities per unit volume is relatively large. In the Dixie 
Valley-Fairview Peak area, the relatively high average b-value muld be expected 
in connection with ongoing aftershock activity foll&g the large earthquakes 
there in 1954. 

On Figure 28, the slope of the recurrence curve is sham as a function of 
t h  for the period 1970-1981. The h-values on this plot were determined for 
overlapping groups of 100 events ea&, with minimum magnitude in all cases taken 
as E.% 2.0. The plot indicates thatb increased from .80 in 1970 to 1.18 in 
1972; in 1974 it began to gradually decrease, reaching a m i n b  value of 0.68 
in 1978. Since that time fewer than 100 events with ML 2.0 or greater have 
occurred, so the value plotted in mid-1978 is the latest one we could calculate. 

In a study of the 1980 Lakes earthquake sequence, Ryall and Ryall 
(1981) that the b-value for earthquakes along the Sierra Nevada-Great 
Basin bourdary zone gradually decreased from 1.00 to 0.61 over the period 
1970-1979, and then rapidly increased to 0.99 before the Occurrence of several 
ML 6+ events in mid-1980. This slaw decrease follmed by rapid increase agrees 
with a pattern that Scholz et a1 (1973) related to increasing effective' 
differential stress, related in turn to dilatancy hardening preceding a large 
earthquake. If a similar process is occurring in Dixie Valley, the length of 
the %ay" -- period of law b-values -- of about 8 years muld be appropriate for 
a major earthquake. Should this be the case, based on experience in 1954 and 
1980 a significant increase in seismicity muld be expected before the 
Occurrence of a large event. 

observed 
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Figure 28. Running b-value for the Dixie Val ?y-Fairview 
Peak rupture zone, 1970-1981. Based on overlapping samples 
of 100 events each, with ML 2.0 or  greater. Error bars in- 
dicate 95% confidence l i m i t s .  Points are plotted a t  the 
center of the time period for each sample. Last point is in 
1978 because too few events occurred af ter  that  time for ac- 
curate determinations of b. 
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Fault Plane Solutions 

In a previous study, Ryall and Malone (1971) compared epicenter 
distributions and -site fault-plane solutions for microearthquakes in the 
Fairview Peak area. They concluded that earthquake activity in west-central 
Nevada is directly related to regional extension, with the minim 
principal-stress axis having an average trend of about N600W, and the 
intemdiate and m x h  principal stresses lying near a plane striking about 
N3WE and dipping 850SE. similar 
to thit found for aftershodks of a nuclear explosion in southern tkvada 
(Hamilton and Healy, 19691, and mncluded that similar stresses m y  be operating 
over a broad region in the western Great Basin. The one exception to this 
pattern was a fault-plane solution for earthquakes in Dixie Valley, where the 
stress axes were rotated,about 50 degrees clockwise fran corresponding axes in 
the Fairview Peak and Rainbaw Mountain zones. 

For the present study, fault-plad solutions were determined for eleven 
earthquakes w i t h  ML 3.04.5, incthe area 39.0-40.,00N,, 117..5-118,5Ow. Depths of 
the events ranged fran 3.4 to 14.7 )an. The focal mechanisrrr; (Figure 29) were 
based on firstmtion patterns for clearly-recorded P arrivals - prhrily Pg 
but also including numerous Pn arrivals. the 
angle of incidence for Pn was assumed to be 50 degrees,' appropriatesfor a single 
crustal layer with velocity 6.0 km/sec Fer a mtle with velwity 7.8 h/sec. 
Sans of the dbservations used in the analysis were bestionable, but Omitting 

Five (labeled A to E on 
the figure-) are con$istenk with primarily dip-slip, or nom1 faulting, on 
planes striking NE-StJ and dipping NW or SE - we shall refer to these: as "Type 
I" mechanisms. The other six ("lrype 11"; F-K on the figure) range from 
strike-slip to oblique-slip, w i t h  a right-lateral slip ccgnpcdlent if the plane" 
striking N NE is taken as fgglt , plane ,Four pg, me five Type I ,,sp.kdes ' 
are SE of Fai ew Peak (FPN), the other (point E) is west of the Stillwater 
Range in the Rainbuw Mountain fault zone. Four of the Type I1 sources are in 
the southern part of Dixie Valley, one is south of Fairview Peak, and one is in 
the north end of Smith Creek Valley, 50 km east of Dixie Valley. While the t m  
types of wchanisms cannot be separated by area, they can be generally separated 
by focal depth: the 'rLpe I events had depths in the range 8.4-14.7 km and 
averaged 11.9 + 2.6 kmt range and mean depth for the Type I1 events were 
3.4-11.8 and 7.2 + 3.1 km, respective f the two types of 
sources are given belaw. 

Dip-slip mechanisms: Soldt s striking NE-SW, one 
aiming NW and the other ' SE. A decision lane ,is the fault and 
which the,auxiliary plane cannot , if the. SE-dipping 
plane is. itrarily selected as the fault s are those listed in 
Table 3. that the &end of the T-axes, :minirmrm conpressive 
stress the 
average trend is -61 + 11-degrees (azimuths NE, or clockwise being taken as 
positive). Average plunge of the T-axes is about 8 degrees. Of the five 
mechanisms, one (E) is based on few data and is a poor solution. Mechanism A 
and B are not unique, and muld also be interpreted in terms of a fault striking 
NW and dipping NE or SWt haveer, such a mechanism would be less probable than 
the ones sham on the basis of Basin and Range tectonics. 'he location of event 

The authors noted that this stress pattern is 

FollaWing &all and Malone (1971) 

* I  
these points did not appreciably chahge the results. 

1 ,  

. ,  

The solutions on Figure 29 are of t m  min types. 

I *"  .. 
! I  

for these events range fran 44 to 75 degrees,' id $"W-SE direction: 
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Figure 29. P-wave fault-plane solutions for selected events in the Dixie Valley 
area. Plots are lower-hemisphere, equal-angle projections, shaded sectors are 
compression. Orientation of T-axis indicated by heavy line on each mechanism. 
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TABLE 3. PARAMETERS OF FAULT-PLANE SOLUTIONS 

EVENT "FAULT PLANE" X-AXIS P-AXIS T-AXIS 
STRIKE DIP TREND PLUNGE TREND PLUNGE TREND PLUNGE 

A 45 40SE 110 38 54 76 -58 05 
B 31 40SE 109 40 60 81 -66 05 
C 25 24SE 120 24 120 23 -60 20 
D 05 49SE 115 48 -150 80 105 03 
E 45 50SE 135 50 -45 85 146 05 
F 39 43Nw 20 18 55 45 170 19 
G 45 53SE -147 28 -95 49 -08 05 
H 24 74Nw -147 28 67 33 -30 10 
I 34 90 165 20 
J 32 90 75 14 -15 14  
K 0 SOW -19 20 28 46 130 11 

Note: Strike and trend anqles are taken to be positive in clockwise direction 
from north; all angles are-in degrees. 
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DMAS W i n e d  by fixing the focal depth, so the latter could not be used in 
determining average depth for the Type I events. 

Oblique-slip solutions. For the six oblique-slip mecham ‘sms (F-K), Table 3 
lists the source parameters, a s s d g  always that the N- or NE-striking plane is 
the fault. Note that the T-axes krend fran 8 to 50 degrees in a NW-SE 
direction: the average trend is -21 + 16 degrees, and the average plunge is.13 
degrees. Of the six solutions, I is the worst, with possible variations in the 
fault and auxiliary planes of + 10 and + 25 degrees, respectively; hrrwever, the 
extension direction for this solution can be varied by only + 10 degrees. W i t h  
the exception of solutim K, all of the six oblique-slip mechanisms have a fault 
plane striking N2449E and dipping f m  40 degrees to vertical; in three cases 
the W or NW block is dclwndropped, in one case the SE block is dmndrqpedr and 
for tsm cases mJtion is right-lateral strike-slip. 

Taken together, these observations can be explained by the krwrwn tectonic 
stress regime in the western Great Basin, together With a depth effect. Thus0 
T-axes for all of the eleven mechanisms are oriented NW-SE, in agreement with 
known regional extension of the province. The rmin difference between the t m  
types of mdhanism is that the maxinun principal stress (P-axis) is amst 
horizontal for the strike-slip (Type 11) sources and near-vertical for the 
dip-slip (”&e I) events. This could be explained by depth differences, with 
weiat of the overburden at larger depth leading to m a x h  stress in the 
vertical direction, and possibly sone rotation of principal stress directions in 
the horizontal plane. Sudh an effect was suggested by McGarr (1980) 8 who noted 
that experktal data indicate increasing rnaximUm deviatoric stress with depth, 
and concluded that “a vertical profile of measurmts from the surface duwnward 
might shrrw a systemtic rotation of the horizontal principal stress directions 
with the implication that stress trajectories measured at the surface may not be 
indicative of directions throughout nu& of the crustal section... lhe 
interesting aspect of the effect is that it is a systematic regional phencpnenon, 
Which is not related to any local source of stress inhomgeneity.” 
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COXLUSIONS AND REcoEJplENDATIONS 

Aten-station seismic network was operated i n  qnd around the Dixie Valley 
area fran January 1980 to Noven33er 1981; three of these stations are still in 
aperation. Data fran the Dixie Valley network were analyzed throu* 30 June 
1981, and resul ts  of analysis were compared with analysis of sanewhat larger 
events for the period 1970-1979. Conclusions and reccmmtktions are the 
f ollcrwing : 

Seismicity in  the Dixie Valley-Fairview Peak area is a m s t  exclusively 
confined to the rupture zone of large earUqmkes that occu~red there i n  1954. 
During the entire 11.5year period of observation m l y  11 events large enough to 
be analyzed were located in  the northern part of Dixie Valley (d of Dixie 
Meadws) Five of these events - w i t h  mgnitude 0.1-1.6 - were recorded by 
the Dixie Valley net in  1980 and 1981; the largest shodk i n  this area was an ML 
3.0 event in 1973. Thus, the area of mt interest to  geotheml  exploration 
has been quiescent for at least  a decade. 

Earthqudkes i n  northern Dixie Valley had focal depth of 7.2 km or less. 
This is quite shallaw compared to mean depth of 11.3 la for the 1954 rupture 
zone to the south. A cross-section shawing depth of five events i n  the area 
north of Dixie Meadam suggests that listric faulting may be occurring there, 
but mch more data would need to be collected and analyzed to confirm this. 
Cross-sections for well-located events i n  the 1932 and 1954 rupture zones 
suggest that fault  dips of 50-60 degrees persist to depths greater than 16 km, 
thus arguing against listric faulting ‘in those areas., 

3. F~calmedharu ’sms for larger’ events i n  the area of interest are 
ans i s t en t  w i t h  regional extension in the NW-SE direction, as found by a n h r  
of previous investigators. There appears to be a correlation between the ra t io  
of dip-slip to strike-slip motion and focal depth, w i t h  deeper events having 
primarily normal s l i p  m W- or SE-dipping faults. This may be explained by a 
relatively larger increase i n  vertical than in horizontal stress with depth, due 
to the overburden (McGarr, 1980). 

4. Perhaps unfortunately for this investigation, the level of seismicity 
i n  the Dixie Valley-Fairview Peak area was anccrr>lously law during the period of 
aperation of the Dixie Valley seismic network. In the southern part of the 1954 
rupture zoner the average rate of occurrence of events w i t h  Ea > 2 for a e  
period af ter  1976 was almost five times less than that for the preceding seven 
years. This decrease i n  activity was generally syndmoms with a period of 
quiescence reported by Vanwormer and Ryall (1980) for the entire Sierra Nevada 
frontal fault  zone. In the case of the Sierra Nevada ,  hcwever, the quiescence 
ended w i t h  a burst of mderate earthquakes i n  all parts of the zone in  late 1978 
and 1979, culminating w i t h  several ML 6+ shocks i n  the Mamnath Lakes area i n  
May, 1980 (Ryall and -1, 1981) . In the Dixie Valley-Fairview Peak area, the 
period of quiescence has continued until  the time of this writing. 

5. A recurrence curve for events in the 1954 rupture zune for 1970-1981 
indicates a b-value (related to the ratio of small-to-large earthquakes) that is 
high (1.3) for the western Great Basin. Such high b-values have been fourd to 
be characteristic of aftershock sequences, earthquake swarms and volcanic 
earthquakes (kbgi, 1966; Wtsu, 1971; Hamilton et al, 1971; Wyss, 1973). 
Ekwever, running b-value calculation indicates that b increased f m  1970 to 

I ,  

1. 

2. 

a 
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1974, and has since decreased during a period of generally reduced 
Ryall 
N&ada fran 1970 to 1979, folluwed by a rapid increase just preceding the 
earthquakes at Mamnoth Lakes in 1980. 

seismicity. 
and -11 (1981) observed a similar decrease of b in the southern Sierra 

large 

6. midence related to the possibility of a large earthquake in noMern 
Dixie Valley is diguous. Based on geologic observations, Wallace (1978; 
personal cammication, 1981) considers the area between the 1915 and 1954 
breaks to be a "seismic gap," with the potential for an earthquake of magnitude 
7+ in the near future. In a way, the possibility of a large shock there is 
supported by the observation of very law seismicity in the area north of Dixie 
Meadms, and by a decrease in b-value starting in the mid-1970's and continuing 
to the present time. 

ck.1 the other hand, sam of the evidence argues against an inpending large 
shock in t h i s  area. Earthquakes in northern Dixie Valley appear to be very 
shallm, and could possibly even be associated with listric faulting in a 
shallm crustal section overlying a zone in which deformtion does not involve 
brittle fracturing. In a previous study, Richins (1974) noted that earthquakes 
in &west Nevada, a region aracterized by high heat flcw and geathermal 
activity, tend to be shallmer than those in the mjor earthquake zones of 
central Nevada. Richins concluded that the maximum magnitude of earthquakes in 
geothemlly active regions may be only 5 3/4 - 6, as a result of the weakening 
of crustal rocks by fracturing in the vicinity of intrusive bodies, or by the 
effects of stress corrosion and leaching due to geotheml fluids. We note also 
that decreases in both seismicity and in b-value were observed in the 1954 
rupture zone, and not in the northern Dixie Valley area. The possibility of 
m e r  major earthquake at Fdrview Peak or in the southern part of Dixie 
Valley, only 30 years after the last such event, would not be likely on either 
geologic or seismlogic grounds (Wallace, 1977, 1978; Ryall, 1977). 

7. Because of the anbiguity relative to the possibility of a future large 
earthquake in the area of primary interest to geotheml exploration, it is 
reccprmended that sane level of mitoring be continued in the future. Probably 
the present level of effort, with two stations in northern Dixie Valley, will be 
sufficient for the t h  being. If activity increases in the future, if a rapid 
increase observed in b-value for the Dixie Valley-Fairview Peak area, or if 
geothenml production is undertaken then this passive monitoring should be 
replaced by an expanded level of effort, and one involving a dense station 
network 

is 
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APPENDIX A: FELT EA#IwMw(Es IN ?HE DIXIE VALCey REGION, 1840-1954. 

The first seisxmgraph with timing in California was installed at Berkeley 
in 1910. The first such instrumnt in Nevada began operation at the Mackay 
School of Mines in 1916. Prior to that time information on derate to large 
earthqudkes in the Nevada region is availableonly f r a n w e c a t a l o g s  
(Holden, 1898; -ley and Allen, 1939; Slemrrons et al, 1965) or f m  
newspapers that were published at the time the earthquakes occurred. Since 
Nbvada had a large n&r of newspapers in the late 1800's, and since these were 
fairly evenly distributed over mst of the west-central part of the state, the 
newspaprs offer a valuable resource in determining the extent of the felt area 
for a given -e, location of the epicenter, m a x h  intensity, etc. 

For this investigation, eleven newspapers in northern Nevada were searched 
for informtion on all of the shocks reported in earthquake catalogs as having 
occurred in the region before 1917. Epicenters for these early shocks were 
estimated by comparing the intensities reported in the newspapers for various 
locatiosls w i t h i n  the felt region. For exanple, an earthquake on 23 March 1872 
was reported as "violent" in Austin, %light" in Winnemcca, "frightened people" 
in Unionville, and "not felt" at Gold Hill and Eureka. By plotting the 
intensities corresponding to these effects on a map the earthquake was estimted 
to have occurred in northern Dixie Valley. 

For many of the earthquakes, magnitude could be determined frun the radius 
of the felt area, probably to within about half of one mgnitude unit. The 
relationship between these two parameters was detehed by Gutenberg and 
Richter (Richter, 1958), but it appeam to be applicable to Nevada earthquakes 
as well. @in taking the 23 March 1872- shock as an exanple, the earthqudke was 
felt to 120 km (Winnemucca) but r o t  to 160 km (Eureka, Virginia City). Taking 
150 km as the radius of the felt area, the graph on Figure A-1 gives E I L  5.2 for 
this event; as a conservative estimate &e have listed it as having ML 5 1/2. 

Earthquakes in the region arourd Dixie Valley are listed be lc rw  for the 
Sources of informtion are indicated by capital 

T b s  
period fran abut 1845 to 1954. 
letters, according to the abbreviations follaWing the earthquake listing. 
through 1915 are local ths; time for 1916-1954 is GMT. 

0 About 1845(?). 39.5, 118.5, near Stillwater, intensity IX. S65: "RRR of 
10-17-65 citing VCI'E. Piutes report quake near Pyramid Lake 13 years ago. 
Great cracks opened from wkich water spouted 100 feet high. Large 
landslide on Slide b b u n t a i n . "  G", 12-30-69: A t  the time of the 1869 
Wadsworth shock Captain Charley, a Washoe Piute aged about 30 years, 
reported that there had been a great earthqudke men he was a little boy. 
The earthquake occurred while Indians frm the WalJcer, Carson and TrucJcee 
Rivers were fishing at the Carson Si.&. The shock knocked people dawn. 
River barks were shaken dam in the vicinity of Stillwater, and the river 
changed its course. T-A does not list any large -e in western 
Nzvada until 1860. Presumably, an event with the effects described above 
wmld have been felt at Sacramento or Auburn, and muld have been reported 
in California newspapers had it occurreed after 1850 as repoeed by S65. 

o 1872 March 23, 1:41 p. 39.8, 117.8, Dixie Valley, intensity VIII, M 5 
1/2. RRR, 3-23-72: "Violent shock" in Austin, lasted about 5 seconds, 
plaster fell in murthouse. HR, 3-30-72: "Slight shock" in Winnemucxa, 
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lasted only a few seconds. 
were frightened. ES, m: Not reported. 

Also reported felt in Unionville, where people 

e 1872 May 6. 41.0, 117.5, near Winnernucca. S65 quotes RRR of 5-13-72: 
Several distinct shocks felt in Winnemucca in early part of week. HR, ES, 
GIN: Not reported. Probably Pleasant Valley. 

e 1872 May 24. 41.0, 117.5, near Winnernucca. S65 quotes RRR of 5-25-72: 
'Itm slight shocks at Winnermcca. HR, ES, G": N o t  reported. Probably 
Pleasant Valley. 

Q 1873 Noveniber 7,' 6:40 p, 39.7, 118.1, Dixie Valley, intensity IV, M 5. 
RRR, 11-6-73 and 11-10-73; BIN, 11-6-73; HR, 11-14-73: First shock at 10 
am on 11-5 felt plainly on Reese River but not in Austin. Shocks at 2:30 
and 7:30 p on 11-5 and 4:30 am on 11-6 were lightly felt in Austin and 
Virginia City. The last of these was the strongest. Largest event of the 
series was at 6:30 p on 11-7. It was "plainly perceptible" in Austin, 
"causing whduws to rattle and 1- to shake," le ran outdoors. 
It was also reported felt in Unionville and W' 

Q 1874 November 29. 40.7, 117.7, northern Pleasant Valley, intensity VI, M 
about 4 1/2. G", 12-1-74, quoting SS of 11-30: shock occurred on Sunday 
mrning, startling persons who were still asleep ~n Winnemucca, rattled 
crockery and cracked a partition in the Courthouge. Many frightened and 
ran outdoors. Also felt strongly at Fairbanks (10 I& "ahove" Winnemucca) 
and Battle Mountain. Mat mntioned as felt in vi?ginia City. T-A: llm 
heavy shocks at Oreana. RRR: N o t  reported. 

o 1882 October 12. 41.0, 117.5. SS, 10-17-82: Southeastern Hmbldt 
m t y ,  along the Jersey Range. RRR, EDL, EI, VCI'E;' REG: Not reported. 

o 1885 I4ay 1, 9:30 p. 40.9, 117.7, normern Pleasant'valley, intensity IV. 
T-A: IV at Winnemucca. EI, VCTE, RM;, ES, EDL: Not reported. 

e 1900 February 29, 1:35 pn. 40.9, 117.7, nomern Pleasant Valley, 
intensity fv. T-A; SS, 2-28-1900; RRR, 3-3-1900: EI, 3-2-1900; ES, 
3-3-1900: shodk felt in Winnemucca, startled people in Courthouse. Not 
reprted felt elsewhere. TI?, VCTE: Not reported. 

8 1915 October 2, 10:55 p. 40.3, 117.6, Pleasant Valley main shock, 
intensity X, M 7.6 (Richter, 1958). T-A; BKS; RM;, 1 0 4  and 10-15-15; 
RRR, 10-9-15: SS, 10-5, 10-7, 10-9, 10-12-15: S65: Felt from Washington 
to the Mexican border and from the Pacific coast to Fbtana, waning, 
Qlorado, and Arizona -- an area of m r e  than 500,000 sq mi. Ismage 
greatest at Kennedy, where practically every building was destroyed. 
Faulting along the western face of the SonolM Range had 6-12 feet of 
displacement for a distance of 20-25 miles. I=ernaged Southern Pacific water 
tanks at Battle Mountain, Golconda, Iovelock and Parran. In Winnemucca 
nearly every ckimney was toppled, walls were cracked, and a few were t h r m  
dam. At Golconda a steel railroad bridge was warped, Stock was thram 
frm shelves in Elko. At Austin the main shock lasted 40-90 seconds, 
according to different stop watches: a g e  was inconsequential. At 
Tolaopah and Goldfield there was "prolonged Swinging mtion ' '  and clocks 
stopped. There were two strong foreshocks, at 4:41 p and 5:50 p; at 
Winnerrrucca 26 aftershocks were noted in the first nine hours after the main 
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shock. S65 lists 8 aftershocks during October, and T-A lists an additional 
70 shocks during the next three mths. RKS: Amplitude of 700 microns at 
Berkeley, mare than 800 at Lick Observatory. This wwld correspond to M 
8.0. SS, 10-5-15: "This was the first earthqwke knclwn here for 31 years, 
a slight shock having been felt in 1884. Haever, pioneers were informed 
by Indians, many years ago, that during the early 40's heavy shocks were of 
frequent occurrence for four or five years." This muld appear to indicate 
a period of quiescence preceding the main shock, up to the t m  foreshocks 
on October 2. 

1916 October 21 to Decerrbr 27. 40.5,118.1, Unionville sequence. T-A 
lists five events felt at Unionville frm October 21 to 31, nine shocks in 
Wmber, and eleven from Decenber 1-27. Sources given are George A. 
Rice, M ,  and Seismlogical Dispatches of Georgetum University. AFJ does 
not list any of tJlese events as having been recorded at Reno, so they mst 
have had M < 3.7. 

1917 Wril 15, 19~01 GETI'. 39.7, 118.1, Dixie Valley, M 4.8. T-A: 
intensity I11 at Fallon, Rochester and Iavelock. A E 3  gives date as April 
11, probably an error. W readings give distance of 150 Ian from Reno, 
amplitude 12 mn. d3KS: Recorded at Berkeley, Lick observatory. 

1917 June' 1, 20:37 @TI?. Pleasant Valley ( 3 )  T-A: Intensity I11 at 
Whmcca. AEJ, -BKS: N o t  reported. 

1918 August 19, 10:53 W. Pleasant Valley ( 3 )  T-A: Intensity IV at 
Winnmcca. Rapid rocking, duration 3 seconds. RKS: J%rthquake recorded 
at Berkeley at 11:56, which m y  be this event. 

1930 Septetdxr 16, 11:30 GMT. 40.4, 117.2, Buffalo Valley. USEQ: Felt at 
Red House, 7 mi south of Blossan Ranch, light. RKS, AEJ: Not reported. 

* 

AEiJ: k t  reported. 

1933 April 30, 16:17 @fl'. 39.6, 118.1, Dixie Valley, M 4 1/2. AFJ: RN 
readings give distance of 140 km from Reno, anplitude 4.4 mn. BKS: merit 
recorded at Berkeley and tbunt Hamilton. USMT: Not reported. 

1936 September 21, 07:32 @TI'. 40.6, 118.4, west of Imlay, M about 4 1/2. 
AEZ: Ew readings give distance of about 150 km from Reno, amplitude 2.2 
mn. Recorded at Berkeley and F'resno at the same time, distance about 
460 km. USMa: Felt weakly at Winnmcca and Beclwawe. 

1936 September 22, 10:40 GMT. 40.5, 117.5, Pleasant Valley, 14 about 4 1/2. 
AEZ: RW readings give distance of 215 km from Reno, amplitude 3.3 mn. 
PAS: Readings give distances of 700 lan from Pasadena, 380 km fran 
Tinerrrdha. 

B E :  

e 1937 May 25, 05:35 GB?. 40.0, 117.8, Dixie Valley, 14 about 4 1/2. AEJ: 
RN readings give distance of 180 km from Reno, anplitude 2.7 mn. PAS: Not  
reported. BKS: Readings give distances of 440 km from Mount Hamiltcn, 390 
h from kesno. USEQ: N o t  reported. 

o 1954 July 6, 11:13 W. 39.42, 118.53, east of Fallon, M 6.8. BKS gives 
location and mgnitude. USEQ: Felt over an area of approximately 130,000 
sq m i .  Maximum intensity ZX at min fracture zone on east edge of Rainbcw 
t4ountain. Maximum intensity VI1 elsewhere. At Fallon Naval Air Station 

I 
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heavy steel lockers fell over, injuring several. Paved highways in Fallon 
and Stillwater areas settled, cracked and buckled in several places: one 
section south of Fallon settled 18 inches for a distance of 200 feet. 
Several old and poorly build structures in Fallon were considerably 
damaged. Length of faulting 11 miles, w i t h  scarps f m  a fraction of an 
inch to a foot or mre. Extensive damage, estimated at $200,000, to canal 
and drainage facilities of the Newlands Project, particularly in the h e  
Tree and Stillwater areas. Coleman diversion dam failed. Geysers spouted 
from fields. In Fallon, considerable darnage to wood, brick, masonry and 
concrete structures. Plaster, windup, walls, c h h e y s  and ground crack&. 
Felt from Wendover to San Francisw, and Lakeview to Moapa. 

e 1954 August 24, 05:51 39.58, 118.45, east of Fallon, M 6.8. BKS 
gives location and magnitude. USEQ: Felt over an area of approximately 
150,000 sq mi of Nevada, California, Oregon, Idaho and U t a h .  Maximum 
intensity of IX assigned to ground fracture area 15 miles east of Fallon. 
Intensity VI11 at Fallon, Lcwelock, Stillwater and &sal -back. 
Estimated damage to Newlands Project facilities was $91,000. 

e 1954 December 16, 11:07 and 11:ll GfF. 39.32, 118.20, Fairview Peak and 
Dixie Valley, M 7.1 and 6.8. Location and mgnitude by BKS. USEQ: Felt 
over an area of approximately 2OO,OOO sq mi, fran Weber, Idaho to b s  
Angeles and fran the coast to Salt Lake City. Maximumintensityof X 
assigned to the spectacular surface ruptures, which extended for 55 miles 
along the east side of FaiMew Peak and the west side of Dixie Valley. 
Scarp heights up to 15 feet. flaw, 
and water bubbled from the ground in spots. An addie cellar, gasoline and 
water tanks and stone wall collapsed. Piano shoved across roan, buffet 
up-ended, stove mved several feet, dressers toppled, etc. US Highway 50 
cracked, with up to six feet of vertical mvement. At Frenchn's Station, 
only negligible damage to buildings, but estimated loss of $38000 in liquor 

In Dixie Valley all wells increased in 

Stock 

List of mreviations: 

AEJ - Jones, A. E., Reporting of Earthquakes at Reno, 1916-1951, 
Univ. Nev. Seiml. Lab., 1975. 
BKS -- Univ. Calif., Bull. of the Seisnugraphic Stations, 1911-. 
EDL -- Weka Daily kader, 1878-1885. 
W P  - Elko Free PTess, 1883-. 
ES --- Eureka Sentinel, 1870-. 
HR -- Hurrboldt Register (Unionville and Winnerrmcca) , 1863-1876. 
JCJ -- J. Claude Jones, Univ. of Nevada, diary. 
MWR -- Monthly Weather Review, US Weather Service, 1915-. 
PAS -- Calif. ,Inst. of Technology, Seismological Bulletin, 1936-. 
REG -- Reno Evening Gazette, 1876-. 
RRR -- Reese River Reveille (Austin), 1863-. 
FW -- Reno Wiechert, seismograph at Univ. of Nevada, 1916-1950. 

Nevada Earthquakes, 1852-1960, Bull. Seism. Soc. m.8 558 537-583, 
1965. 
ss -c-- Silver state N ~ S  (~inn-cca'), 1875-1925. 

E1 -- Elk0 Independent, 1869-. 

G" -- Gold Hill hily News, 1863-1882. 

LT -- hvelock TribUne, 1898-1912. 

565 -- Sl-8 De Be,  A. E. Jones and J. I. Ghktt, Catalog Of 
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T-A -- Tawnley, S. D. and M. W. Allen, Descriptive Catalog of 
Earthquakes of the Pacific Coast of the United States, 1769-1928, 
Bull. Seism. Soc. Am., 29, 1-297, 1939. 
USCGS US Department of Camerce, Coast and Geodetic Survey. 
USEQ - United States Earthquakes, USCGS, 1929-. 
VCFE - Virginia City Territorial Enterprise, 1859-. 
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APPWIX R. LISTING OF ALL EAR'IWQUAKES IN THE DIXIE VATLEY AREA 

The following list contains all earthquakes listed in available catalogs or 
located by the University of Nevada Seismlogical Laboratory, for the area 
bounded by latitude 38,840.5 deg N and longitude 117.3-118.7 deg I+?. For the 
period prior to 1970 locations and magnitudes are €ram Slemnons et a1 (1965) and 
from the University of California Bulletin of the Seismographic Stations (1911- 
1969). For 1970-1981 the list contains earthquake parameters based on analysis 
by the University of Nevada, using data from the Nevada seismic telemetry 
network. For 1980 and 1981 the Nevada network was supplemnted by data fran ten 
stations installed in and around Dixie Valley as part of this investigation. 

Accuracy of epicenter locations in this list varies as a function of the 
density of station netvmrks used in the analysis. For the pre-instrumntal 
period prior to 1916, locations are based on newspaper reports and are therefore 
only approximate. Fr<m about 1930 to 1948 locations were based only on data 
from California seismic stations and are accurate to perhaps several tens of 
kilameters. E'rm 1948 to 1969 locations were based primrily on California data 
but included readings from 1-3 stations in Nevada: epicenters for this period 
are probably accurate to within about 10 km. For the 1970's location accuracy 
for events in Dixie Valley was of the order of a few kilometers; for 1980 and 
1981 locations should have been accurate to within a few hundred meters. 

The format for this table is as indicated at the top of each page: kom 
left to right the listing includes date (year, mth, day), origin time (hours, 
minutes, seconds; local t h  prior to 1916 and GTvrr thereafter), latitude (deg 
N) 8 (deg W) , standard deviation of the location (seconds) , n-r of 
stations used in the analysis, magnitude, depth (kilometers) , and quality. For 
mst Standard 
deviations are available only for the period beginning in 1970, and focal depth 
was determined only for those periods when supplementary stations were operated 
in the Fairview Peak-Dixie Valley area, 1974-1981. 

longitude 

events prior to 1950 t h s  are given only to the nearest minute. 



64. 

1868 11 17 1315 
1872 03 23 2141 
1873 11 05 1700 
1873 11 06 
1874 11 29 

1893 08 30 18 
1903 
1914 04 25 1703 
1915 10 02 2341 
1915 10 03 0149 

1915 10 03 0653 
1915 10 03 0705 
1915 10 03 0718 
1915 10 03 0733 
1915 10 03 0749 

1915 10 03 0845 
1915 10 15 2022 
1915 10 20 0234 
1915 10 23 0409 
1915 11 23 0333 

1915 12 18 09 
1916 10 21 0540 
1916 10 21 0545 
1916 10 21 1650 
1916 10 21 1910 

1916 11 01 0430 
1916 11 02 1600 
1916 11 02 1630 
1916 11 02 1730 
1916 11 03 0520 

1916 11 03 1500 
1916 11 04 0215 
1916 11 04 2300 
1916 11 04 2350 
1916 11 13 1722 

1916 12 17 1445 
1916 12 19 05 
1916 12 24 1930 
1916 12 25 0140 
1916 12 25 0206 

1916 12 25 0219 
1916 12 25 1505 
1916 12 26 0200 
1916 12 26 0255 
1916 12 26 1740 

39.000 118.000 
40.000 117.500 5.5 
40.000 118.000 5.5 
40.000 118,000 
40.300 118.300 4.3 

39.100 118.100 
39.500 118.100 
39.400 117.700 
40.500 117.500 
40.500 117.500 6.1 

40.500 117.500 7.8 
40.500 117.500 
40.500 117.500 
40.500 117.500 
40.500 117.500 

40.500 117.500 
40.500 117.500 
40.500 117.500 
40.500 117.500 
40.500 117.500 

40.500 117.500 
40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 

40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 

40.400 118.200 
40,400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 

40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 

40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 
40.400 118.200 
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YEARMOIXYHRNINSEC LAT LON M N S T A M A G  DEPTH Q ., 

1916 12 27 0650 
1917 04 11 1900 
1918 05 06 0457 
1927 12 29 0010 
1931 06 06 0210 

1932 12 21 0530 
1932 12 21 061004 
1932 12 22 1036 
1932 12 22 2354 
1932 12 24 1241 

1932 12 25 0355 
1932 12 25 1835 
1932 12 26 0541 
1932 12 28 0308 
1932 12 29 0621 

1932 12 29 0638 
1932 12 29 0646 
1932 12 30 0418 
1932 12 30 1604 
1933 01 02 1545 

1933 01 02 1707 
1933 01 04 1036 
1933 01 06 1306 
1933 01 06 1333 
1933 01 11 1730 

1933 03 12 2045 
1933 04 30 161713 
1933 05 16 2233 
1933 07 17 2058 
1933 10 27 1059 

1934 09 27 0928 
1936 01 14 0530 
1936 03 26 2244 
1936 07 02 1629 
1936 09 21 0732 

1936 09 22 1040 
1936 10 21 1504 
1939 04 28 2200 
1939 12 30 1027 
1940 06 03 054248 

1944 01 30 101830 
1945 02 22 1858 
1946 02 27 2215 
1949 08 18 142516 
1949 12 28 115839 

40.400 118.200 
40.000 118.000 
40.500 117.500 
39.200 118.000 
39.500 118.200 

38.800 118.000 
38.800 117.980 
38.800 118.000 
38.800 118.000 
38.800 118.000 

38.800 118.000 
38.800 118.000 
38.800 118.000 

38.800 118.000 
38,800 118.000 

38.800 118.000 
38.800 118.000 
38.800 118.000 
38.800 118.000 
38.800 118.000 

38,800 118.000 
38.800 117.900 
39.000 117.800 
39.000 118.000 
38.900 117.800 

38.800 117.600 
40.000 118.000 
39.000 117.800 
39,200 118.200 
38.900 117.600 

39.500 117.700. 
39.500 117.500 
39.100 117,900 
39.300 118.200 
40.300 117.400 

40.400 117.300 
39.300 117.500 
39.400 118.300 , 
39,800 117.700 
38.800 117.800 

39.500 118.500 
39.000 118.000 
39.000 118.000 
38.800 118.600 
39.400 118.000 

5.1 

4.2 

7.2 
4.9 

5.0 

5.5 
4.5 
4.4 
4.6 
5.2 

5.0 

4 .+6 
4.6 
4.5 

4.7 
3.9 
5 .-I. 
4.5 
5:2 

5.0 
4.5 
4.0 
4.6 
5.5 

5 .p 

4.0 
4.6 
4.5 
5.0 
4.5 

4.7 
4. I 
4.2 
4.2 
4.0 

/ 

3.5 

3.7 D 
2.9 D 



1950 01 11 135136 
1950 01 21 230245 
1950 09 21 220213 
1950 10 23 081246 
1950 11 17 034651 

1951 09 12 141230 
1952 03 07 010042 
1952 11 14 090542 
1952 11 15 022952 
1952 11 15 043810 

1952 11 18 040408 
1952 12 31 022050 
1953 06 01 031654 
1954 07 06 111320 
1954 07 06 111804 

1954 07 06 1127 
1954 07 06 1141 
1954 07 06 114900 
1954 07 06 125400 
1954 07 06 125630 

I 

1954 07 06 131511 
1954 07 06 133601 
1954 07 06 145515 
1954 07 06 155121 
1954 07 06 173825 

1954 07 06 175737 
1954 07 06 175740 
1954 07 06 1900 
1954 07 06 220741 
1954 07 06 2253 

,1954 07 06 231158 
1954 07 06 235707 
1954 07 07 002258 
1954 07 07 012951 
1954 07 07 022245 

1954 07 07 043358 
1954 07 07 061108 
1954 07 07 103132 
1954 07 07 105248 
1954 07 07 124053 

1954 07 07 160224 
1954 07 07 180055 
1954 07 07 214747 
1954 07 07 235045 
1954 07 08 021356 

LAT LON M N S T A M A G  

39.100 
39.200 
36.400 
39.500 
38.920 

38.800 
38.800 
39.000 
39.100 
39 100 

39.800 
38.870 
39.600 
39.420 
39.420 

39.420 
39.420 
39.420 
39.420 
39.420 

39.420 
39.420 
39.420 
39.420 
39.420 

39.420 
39.420 
39.420 
39.300 
39.300 

39.300 
39.300 
39.300 
39.300 
39.300 

39.300 
39.300 
39.300 
39.300 
39 300 

39.300 
39.300 
39.300 
39.300 
39.420 

117.400 
117.700 
118.000 
117.500 
118.320 

117.900 
117.400 
118.000 
117 700 
117.700 

117.700 
118.130 
118.000 
118.530 
118.530 

118.530 
118.530 
118.530 
118.530 
118.530 

118.530 
118.530 
118.530 
118.530 
118.530 

118.530 
118.530 
118.530 
118.500 
118.500 

118.500 
118.500 
118.500 
118.500 
118.500 

118.500 
118.300 
118.300 
118.300 
118.500 

118.500 
118.500 
118.500 
118.500 
118.530 

2.9 
3.5 
3.7 
4.5 

4.1 
4.0 
4.1 
4.3 
4.0 

4.6 
3.5 
3.3 
6.8 
5.5 

4.8 
4.5 
5.7 
4.5 
4.9 

5.2 
4.5 
4.5 
4.4 
4.2 

4.1 
4.3 
4.2 
6.0 
4.1 

4.1 
4.1 
4.4 
4.1 
4.1 

4.1 
4.6 
4.1 
4.4 
4.2 

4.2 
4.3 
4.1 
4.3 
4.8 
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DEPTH Q 

D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
C 
D 
A 
A 

D 
D 
D 
D 
D 

D 
D 
A 
A 
D 

D 
D 
'D 
D 
D 

D 
D 
D 

- D  
A 



1954 07 08 040819 
1954 07 08 065836 
1954 07 08 125510 
1954 07 08 193157 
1954 07 09 085003 

1954 07 10 012220 
1954 07 11 001802 
1954 07 11 070400 
1954 07 11 095812 
1954 07 12 101706 

1954 07 12 160525 
1954 07 14 015712 
1954 07 15 013134 
1954 07 16 115520 
1954 07 17 000216 

1954 07 17 015311 
1954 07 20 014155 
1954 07 20 121322 
1954 07 20 152812 
1954 07 20 175604 

1954 07 23 063035 
1954 07 23 204158 
1954 07 26 131628 
1954 07 28 035638 
1954 07 28 035803 

1954 07 28 231716 
1954 07 30 020010 
1954 07 31 1100 
1954 07 31 135435 
1954 07 31 1515 

1954 07 31 172414 
1954 07 31 173116 
1954 08 02 101853 
1954 08 03 212454 
1954 08 05 050308 

1954 08 06 154116 
1954 08 09 142834 
1954 08 10 062310 
1954 08 10 230051 
1954 08 10 230422 

1954 08 16 062942 
1954 08 22 105008 
1954 08 23 1750 
1954 08 24 0445 
1954 08 24 055132 

39.300 118.500 
39,300 118.500 
39.420 118.530 
39.420 118.530 
39.420 118.530 

39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 

39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 

39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 

39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 
39.300 118.500 

39.300 1186500 
39.300 118.500 
39.420 118.530 
39.300 118.500 
39.420 118.530 

39.300 118.500 
39.300 118.500 
39.420 118.530 
39.300 118.500 
39.420 118.530 

39.300 118.500 
39.300 118.500 

39.300 118.500 
39.300 118.500 

39.300 118.500 
39.300 118.500 
39.420 118.530 
39.420 118.530 
39.420 118,530 

390300 118.500 

4.5 
4.3 
4.7 

4.9 

4.6 
4.0 
4.6 
4.6 
4.5 

5.1 
3.9 
3.9 
4.0 
4.2 

4.4 
4.1 
3.9 
4.1 
4.0 

3.9 
3.6 
3.9 
3.6 
3.7 

4.0 
5.1 

4.3 

5.3 , 

4.5 
4.3 
5.4 
4.7 
4.7 

4.2 
4.0 
4.0 
4.0 
4.0 

4.1 
4.0 

6.8 

D 
D 
A 
A 
A 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 

D 

D 
D 
A 
D 
A 

D 
D 
D 
D 
D 

D 
D 

A 



1954 08 24 055746 
1954 08 24 061450 
1954 08 24 063231 
1954 08 24 063602 
1954 08 24 065410 

1954 08 24 144718 
1954 08 24 212053 
1954 08 25 021713 
1954 08 25 024959 
1954 08 25 121235 

1954 08 25 222110 
1954 08 26 124415 
1954 08 26 125615 
1954 08 27 070503 
1954 08 28 045134 

1954 08 29' 030951 
1954 08 29 034106 
1954 08 29' 035805 
1954 08 29 0513 
1954 08 30 111558 

1954 08 30 191157 
1954 08 30 195719 
1954 08 31' 132902 
1954 08 31 133407 
1954 08 31 221929 

1954 ds 3i 222032 
1954 08 31 
1954 09 01 051846 
1954 09 01 112925 
1954 09 02 075317 

1954 09 04 042432 
1954 09 05 201559 
1954 09 08 071730 
1954 09 09 092105 
1954 09 09 223138 

1954 09 14 161902 
1954 09 23 081219 
1954 10 08 
1954 10 16 043212 
1954 12 15 063040 

1954 12 16 110711 
1954 12 16 111134 
1954 12 16 115036 
1954 12 16 115730 
1954 12 16 141657 

39.500 118.500 
39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.480 

39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.480 

39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.480 

39.580 118.480 
39.580 118.480 
39.580 118.480 
39.420 118.530 
39.580 118.480 

39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.480 
39.580 118.450 

39.600 118.200 
39.420 118.530 
39.600 118.200 
39.600 118.200 
39.600 .118.200 

39.600 118.200 
39.600 118.200 
39.600 118.200 
39.600 118.200 
39.600 118.200 

39.600 118.200 
39.600 118.200 
39.600 118.200 
39.500 118.500 
39.500 118.000 

39.280 118.120 
39.800 118.100 
39.500 118.000 
39.500 118.000 
39.500 118.000 

5.2 
4.1 
4.4 
4.4 
4.3 

4.0 
4.4 
4.8 
4.0 
4.0 

4.7 
4.2 
4.6 
4.0 
4.0 

4.2 
4.7 
4.0 
4.3 
4.1 

4.1 
4.1 
3.9 
4.0 
4.4 

5.8 
3.9 
5.5 
4.3 
3.9 

4.0 
4.4 
4.3 
4.7 
4.4 

4.0 
3.8 

4.3 
4.0 

7.3 
6.9 
5.0 
5.0 
5.8 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 

D 

D 
D 
D 
D 
D 

A 

D 
D 
D 

A 
D 
A 
A 
D 

D 
D 

D 
D 

A 
D 
D 
D 
B 



1954 12 16 14241 
1954 12 16 150942 
1954 12 17 20280 
1954 12 18 014538 
1954 12 20 1100 

1954 12 20 173647 
1955 01 01 121354 
1955 01 02 214336 
1955 01 02 220700 
1955 01 05 082040 

1955 01 06 083232 
1955 01 07 045610 
1955 01 07 074114 
1955 01 07 080041 
1955 01 08 084317 

1955 01 08 180950 
1955 01 08 223253 
1955 01 09 091050 
1955 01 09 115840 
1955 01 10 131554 

1955 01 11 102140 
1955 01 12 032125 
1955 01 12 110009 
1955 01 12 115737 
1955 01 14 004550 

1955 01 14 025704 
1955 01 14 122111 
1955 01 15 204702 
1955 01 17 181756 
1955 01 19 014854 

1955 01 19 015348 
1955 01 19 021010 
1955 01 19 0216 
1955 01 19 032921 
1955 01 19 0329 

1955 01 22 193419 
1955 01 23 044834 
1955 01 23 132155 
1955 01 23 153732 
1955 01 25 232646 

1955 01 26 094021 
1955 01 27 090422 
1955 01 28 153805 
1955 01 28 1730 
1955 02 01 0635 

39.50C 118.000 
39.500 118.000 
39,500 118.000 

39.300 118.200 

40.000 118.000 
39.000 118.000 

39.500 118.000 

390000 118.000 
390000 118.000 
39.000 118.000 

39.000 118.000 

39.000 118.000 
39.000 118.000 
39.000 118.000 

39,000 118.000 

39.000 118*000 
39.000 118.000 
39.000 118.000 
39.000 118,000 
39.900 118,400 

39.000 118.000 

39.000 118.000 

39.000 118.000 

39,000 118.000 

39.000 118.000 

39.000 118.000 
39.000 118.000 
39.000 118.000 
39.500 118.020 
39,000 118.000 

39.000 118.000 
39.350 118.250 
39.000 118.000 
39.000 118.000 
39.000 118.000 

39.000 118.000 
39.000 118.000 
39.000 118.000 
39.000 118.000 
39,000 118.000 

39.000 118,000 
39,100 118,070 

39.350 118.250 
39.200 118.500 

39.800 118.000 

5.3 D 
5.1 B 

' 7 . '  5.0 D 
4.7 D 

5.0 D 
5.1 
3.7 
4.2 
4.2 

3.7 
3.9 
4.1 
4.2 
3.6 

4.0 
4.2 
5.0 C 
4.2 
4.1 C 

/ 

4.7 
4.0 
3.7 
4.1 
3.9 

3.9 
3.8 
4.2 
4.2 B 

1 3.9 

4.1 
4.6 B 
4.3 
4.4 
4.5 

4.1 
3.8 
3.9 
3.9 
4.7 

3.8 B 
4.2 C 

C 
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LAT LxlN RMSNSTAMAG DEPTH Q YEAR Mo my "SEC 

39.180 
39.200 
39 050 
39.100 
39.030 

118.130 
118.530 
118.050 
118.130 
118.180 

4.0 C 
3.8 E 
3.6 C 
3.7 B 
3.7 B 

1955 02 01 153116 
1955 02 03 183031 
1955 02 07 023043 
1955 02 09 111122 
1955 02 10 194408 

4.7 B 
4.6 
3.7 B 
4.1 B 
3.8 B 

4.1 C 
4.8 C 
3.8 E 
3.8 C 
3.6 D 

39.450 
39.000 
38.900 
39.100 
39.170 

118.100 

118.180 
118.050 
118.020 

118.000 
1955 02 11 161232 
1955 02 12 1129 
1955 02 14 094024 
1955 02 16 004640 
1955 02 17 013620 

1955 02 19 234920 
1955 02 19 235007 
1955 02 20 193159 
1955 02 22 054017 
1955 02 23 141116 

39.300 
39.300 
39 . 030 
39.050 
39.700 

117.800 

118.030 
118,170 
118.100 

117 800 L 

I 

1955 03 08 200517 
1955 03 08 232804 
1955 03 11 142316 
1955 03 13 084023 
1955 03 13 210827 

39.200 118.550 
39.650 118.000 

39.560 118.050 
39.160 118.120 

39.300 118.100 

4.5 . c  
4.2 B 
4.5 D 
4.6 C 
4.0 B 

39.400 118.250 
39.550 118.000 
39.500 118.200 
39.120 118.170 
39.330 118.000 

4.7 C 
4.4 B 
4.4 B 
3.8 C 
4.2 B 

1955 03 14 182347 
1955 03 22 031540 
1955 03 22 040616 
1955 03 25 195439 
1955 03 26 035128 

4.3 C 
4.2 C 
4.1 C 
3.9 C 
3.8 D 

1955 03 30 092428 
1955 04 02 022251 
1955 04 04 013602 
1955 04 05 010737 
1955 04 08 115008 

39.100 118.150 
39.450 118.000 
39.500 118.000 
39.000 118.180 
39.300 118.000 

4.4 B 
4.0 C 
4.5 B 
4.0 D 
4.5 C 

1955 04 13 113257 
1955 05 03 181701 
1955 05 08 103833 
1955 05 29 044406 
1955 05 30 212826 

39.550 118.100 
39.200 118oOOO 
38.930 118.000 
39.200 118.200 
39.400 118.000 

4.3 C 
4.5 
5.2 B 
4.3 B 
4.1 C 

39.150 118.150 
38.880 118.170 
38.970 118.250 
39.180 118.130 
39.450 118,100 

1955 06 06 092010 
1955 06 08 122211 
1955 06 19 192000 
1955 07 03 174821 
1955 07 04 123713 

39.300 118.500 3.1 C 
39.300 118.500 
39.250 118.050 4.2 C 
39.800 118.000 3.9 C 
39.450 118.000 4.4 C 

1955 07 05 070703 
1955 07 06 1015 
1955 08 09 052421 
1955 09 01 085201 
1955 09 10 193534 



71. 

YEARMOIXYHEWINSEC LAT LON WNSTAMAG DEPTH Q 

1955 09 18 194402 
1955 09 25 221151 
1955 09 29 054051 
1955 10 06 071542 
1955 10 23 081246 

1955 11 02 061517 
1955 11 21 202534 
1955 11 21 204055 
1955 11 23 042408 
1955 11 25 163001 

1955 11 25 182649 
1955 12 01 102457 
1955 12 01 153116 
1955 12 05 004640 
1955 12 12 181634 

1955 12 22 120510 
1955 12 22 120654 
1955 12 31 135104 
1956 01 17 181756 
1956 01 28 225530 

1956 03 08 072619 
1956 03 10 140756 
1956 04 09 044226 
1956 04 23 150300 
1956 04 29 073622 

1956 05 09 065719 
1956 05 09 065719 
1956 05 22 235107 
1956 05 30 191936 
1956 06 23 104509 

1956 06 28 021708 
1956 07 04 043536 
1956 07 21 100918 
1956 07 26 095317 
1956 08 06 010212 

1956 08 10 
1956 08 19 
1956 08 21 
1956 09 25 
1956 10 06 

1956 11 02 
1956 11 10 
1956 12 03 
1956 12 05 
1956 12 06 

134521 
091656 
185542 
045308 
141917 

110255 
202753 
144808 
180515 
054723 

39.420 118.000 3.9 C 
39.600 117.900 4.1 C 
39.200 118.200 4.5 C 
39.300 118.050 4.1 C 
39.500 117.500 4.5 D 

39.500 118.050 
39.420 118.080 
39.420 118.090 
39.870 118.050 
39.400 118.050 

39.400 118.000 
39.400 118.050 
39.180 118.120 
39.120 118.030 
39.560 118.500 

39.000 118.500 
38.980 118.700 
39.000 118.030 
39.500 118.030 
39.330 118.050 

4.6 
5.5 
4.4 
4.1 
4.3 

4.2 
4.3 
4.0 
4.1 
4.0 

4.8 
4.6 
4.5 
4.2 
4.2 

B 
B 
D 
C 
C 

C 
C 
C 
B 
C 

B 
C 
B 
B 
B 

39.030 118.070 4.6 B 
39.320 118.470 4.2 R 
39.180 118.120 4.3 B 
39.500 118.000 3.0 D 
39.500 118.500 3.0 D 

39.530 118.050 3.0 C 
39.530 118.050 3.0 C 
39.450 118.270 3.8 C 
39.400 118.020 3.9 B 
39.170 118.150 3.5 B 

39.500 118.100 3.2 D 
B 39.330 118.500 

39.470 118.090 C 
39.550 118.450 B 
39.080 118.050 B 

39.330 118.030 B 
D 
C 
C 
B 

39.500 118.050 4.6 B 
39.600 117.900 4.1 D 
39.370 118.090 3.0 C 
39.130 118.070 4.1 B 
39.200 118.120 3.9 C 



72. 

y E A R M 3 I l A Y " s E C  

1956 12 07 042258 
1956 12 07 071252 
1957 01 10 033754 
1957 01 12 133552 
1957 01 13 193533 

1957 03 27 132212 
1957 04 25 064546 
1957 04 26 180307 
1957 04 27 053927 
1957 04 29 140615 

1957 05 30 104819 
1957 06 10 175922 
1957 06 11 165755 
1957 07 22 172401 
1957 09 19 105013 

1957 10 17 101409 

1957 11 01 '045157 
1958 01 18 163335 
1958 02 08 050445 

1958 02 16 032020 
1958 02 23 e022501 
1958 03 01 ~ 112941 
1958 03 05 051156 
1958 05 28' 151650 

1957 10 25' ,154054 

1958 06 01 164024 
1958 06 01 165025 
1958 06 11 060605 
1958 06 29 083712 
1958 07 04 074954 

1958 07 08 125510 
1958 08 10 202304 
1958 09 08 073111 
1958 09 16 232637 
1958 09 22 102042 

1958 09 22 102540 
1958 10 17 063153 
1958 11 09 214005 
1958 11 26 222326 
1959 02 10 180343 

'1959 02 10 182536 
1959 02 11 024641 
1959 03 22 104728 
1959 03 23 071020 
1959 03 23 114923 

39.650 118.000 
39.500 118.000 
39.420 118.070 
39.330 118.090 
39.500 118.080 

39.320 118.530 
39.200 118,000 
39.250 118.050 
39.400 ,118.500 
39.200 118.100 

39.600 118.200 
39.500 118.600 
39.200 118.300 
39.560 118.400 
39.300 118.100 

39.280 118.430 
39.300 118.200 
39.600 118.500 
39.100 118.100 
39.800 118.600 

39.400 118.600 
39.680 117.860 
40.100 118.400 
39.000 118.200 
39.400 118.100 

39.400 118.000 
39.420 118.050 
39.430 118.020 
39.550 118.420 
39.600 118.000 

39.300 118.500 
39.300 118.100 
39.000 118.200 
39.600 118.000 
39.300 118.100 

39.300 118.100 
39.200 118.100 
39.300 118.600 
39.500 118.100 
39.520 118.100 

39.500 118.100 

39.300 117.900 
39.600 118.070 
39.550 118.100 

39.520 ~ 1 8 .  100 

3.9 
3.6 
3.7 
3.8 
4.0 

3.6, 
4.2 
4.0 
4.2 
3.9 

3.8 
3.0 
4.2 
4.0 
3.7 

4.6 
3.9 
3.8 
4.4 
3.5 

3.4 
3.8 
3.3 
3.8 
4.1 

3.7 
3.9 
3.4 
3.7 
3.6 

4.7 
3.6 
3.6 
3.5 
3.5 

3.7 
3.0 
3.3 
3.4 
4.3 

3.5 
3.5 
3.9 
6.3 
4.2 

C 
D 
C 
C 
B 

B 
D 
C 
C 
D 

D 
C 
D 
B 
D 

B 
D 
D 
C 
D 

D 
C 
D 
D 
D 

D 
C 
C 
C 
D 

D 
D 
D 
D 
D 

D 
D 
D 
D 
C 

D 
C 
D 
B 
C 



73. I 
, 
I 
i 
j 

I 
i 
I 

I 

I 

1959 03 26 
1959 03 27 
1959 03 27 
1959 03 27 
1959 04 03 

1959 04 04 
1959 04 07 
1959 04 20 
1959 04 21 
1959 05 03 

055541.0 
113033.0 
115948.0 
135521.0 
043222.0 

061122 . 0 
082301 . 0 
123344.0 
071104.0 
173809.0 

39.700 118.100 
39.600 118.100 
39.650 118.100 
39.600 118.000 
39.600 118.100 

39.500 118.100 
39.500 118.000 
39.800 118.100 
39.500 118.080 
39.000 118.020 

1959 05 21 175140.0 39.500 118.000 
1959 05 23 124859.0 39.600 118.100 
1959 06 27 211429.0 39.200 118.700 
1959 06 28 145647.0 39.200 118.100 
1959 07 19 071210.0 39.400 118.000 

1959 08 02 221644.0 39.500 118.000 
1959 08 04 051320.0 39.500 118.000 
1959 08 10 085248.0 39.800 117.900 
1959 09 15 063518.0 39.000 118.100 
1959 12 24 112424.0 39.500 117.900 

1960 02 22 213437.0 40.100 118.000 
1960 03 08 044245.0 39.800 118.300 
1960 03 18 042844.0 40.200 117,700 

1960 07 30 081310.0 40.000 117.670 
1960 03 22 065855.0 40.200 118.000 

1960 08 10 154351.0 
1960 09 08 085545.0 
1960 11 29 170833.0 
1961 07 04 110911.0 
1961 08 04 165604.0 

1961 08 04 165609.0 
1962 01 31 040730.0 
1962 07 20 090208.0 
1962 12 16 110646.0 
1%3 02 23 082239.7 

1963 03 15 034426.8 
1963 11 29 084856.0 
1964 03 22 163954.5 
1964 03 22 181452.2 
1964 03 22 181745.8 

1964 03 27 135121.0 
1964 04 07 190904.0 
1964 04 09 184320.4 
1964 04 11 032508.0 
1964 07 02 132907.3 

39.600 117.900 
39.750 118.050 
39.900 117.890 

39.300 117.400 

39.000 117.700 

39.500 118.300 

39.523 117.957 

39.082 117 . 838 
39.560 117.930 
38.900 118,800 
39,000 118,700 
39.100 118.700 

40,130 118.600 

39.500 117.500 

39,233 118.300 

39.983 118.817 

38.927 118.727 
38.900 118.700 
39.100 118.100 

38.900. 118,700 

3.7 D 
3.9 D 
4.2 C 
4.0 'C 
3.1 D 

3.7 D 
3.3 D 
4.3 C 
3.4 C 
3.5 C 

4.8 C 
3.. 7 D 
3.3 D 
3.2 D 
3.8 D 

4.4 C 
4.0 D 
3.2 D 
3.1 a D 
4.2 D 

3.4 .D 
3.5 D 
3.5. D 
3.7 ~ D 
3.6 C 

4.0 D 
3.5 C 
3.9 D 
5.0 B 
4.8 D 

4.3 ' 

4.3 D 
5.2. 
-3.7 
3.7 

3.5 
3.2 
3.5 
3.5 
3.5 

3.0 
* 3.5 
3.7 
3.2 
4.0 



yEARMoJYlYHFU4I"EC LAT 

1964 07 04 072251.6 39.300 
1964 10 07 073707.1 39.200 
1965 01 04 040645.3 40.292 
1965 02 19 120130.0 40,002 
1965 04 06 155705.5 38.945 

1965 04 13 131422.1 38.900 
1965 05 21 065135.0 39.900 
1965 06 02 204704.0 38.900 
1965 06 25 001856.1 39.100 
1%5 07 14 082643.0 39.600 

1965 11 01 171015.0 39.600 
1966 02 07 162022.0 39.300 
1966 02 25 072015.0 39.300 
1%7 01 25 181545.0 39.300 
1%7 02 25 020032.8 39.300 

1967 03 05 213044.0 39.200 
1967 05 23 171906.0 39.300 
1967 07 30 154508.0 38.953 
1967 08 06 111500.9 39.597 
1967 11 07 034434.5 39.135 

1968 03 01 083314.9 39.650 
1968 03 27 194727.0 39.800 
1968 05 29 114107.1 39.067 
1968 08 29 112643.0 39.700 
1968 09 03 173754.0 39.500 

1968 09 20 205043.0 39.000 
1968 10 21 094630.0 40.500 
1969 02 14 032455.0 39.600 
1%9 04 12 105130.0 39.000 
1%9 04 15 103000.5 38.850 

1%9 06 19 070233.0 40.067 
1970 1 7 1544 .5 39.344 
1970 1 8 210027.5 39.315 
1970 1 9 1627 7.9 39.112 
1970 1 14 024526.9 39.028 

1970 1 14 053925.5 39.018 
1970 1 15 105443.0 39.479 
1970 1 17 083916.8 39.391 
1970 1 20 060126.8 39.390 
1970 1 2 1  134554.4 39.023 

1970 121 171329.4 39.020 
1970 1 25 093243.0 39.072 
1970 2 1 061448.2 39.393 
1970 2 5 052557.0 39.246 
1970 2 5 114822.6 39.298 

74. 

m 
118.100 
118.800 
117 . 685 
118.650 
118.700 

117.700 
118.100 
118.000 
118.100 
117.800 

118.500 
118.000 
117.600 
118.000 
117.600 

117.700 
117.900 
118.197 
118.077 
118.093 

118.433 
118.300 
118.050 
118.100 
118.100 

118.000 
117.750 
118.200 
117.600 
117.950 

118.617 
118.130 
118.458 
118,069 
118.170 

118.165 
118.424 
118.090 
118.093 
118.128 

118.116 
118.154 
118.089 
118.517 
118.111 

RGNSTAMAG DEPIH Q 

3.6 
3.4 
3.9 
3.2 
3.7 

4.6 
3.2 
3.8 
4.4 
4.3 

4.3 
3.2 
3.5 
3.7 
3.5 

3.7 
3.3 
3.1 
3.3 
3.1 

3.4 
3.3 
4.9 
3.3 
3.6 

3.3 
3.4 
3.2 
3.2 
3.2 

3.3 
0.11 5 2.4 
0.09 7 2.2 
0.09 6 2.2 
0.13 7 2.3 

0.16 7 3.0 
0.16 6 2.4 
0.08 7 3.3 
0.07 6 3.0 
0.30 7 3.1 

0.09 7 3.1 
0.10 6 2.5 
0.09 7 2.2 
0.07 5 2.3 
0.13 7 2.5 



1970 2 13 060939.7 39.268 118.121 0.12 7 2.2 
1970 2 13 083234.6 39.248 118.105 0.10 6 2.6 
1970 2 19 144018.0 39.284 118.474 0.01 5 2.1 
1970 3 2 192734.7 39.021 118.194 0.10 6 2.8 
1970 3 6 115551.8 39.029 118.108 0.11 6 

1970 3 7 194544.9 39.133 118.073 0.09 6 2.8 
1970 3 7 194551.2 39.135 118.075 0.11 6 3.0 
1970 3 11 1252 2.6 39.068 118.064 0.03 5 2.3 
1970 3 11 1302 7.7 39.053 118.056 0.09 6 2.6 
1970 3 13 015936.6 39.293 118.474 0.14 6 2.6 

1970 3 20 0152 9.9 39.440 118.587 0.12 7 2.5 
1970 3 23 151840.4 39.053 118.094 0.06 6 2.2 
1970 3 23 215540.1 39.578 118.075 0.10 6 4.2 
1970 3 24 051442.7 39.585 118.077 0.14 6 3.4 
1970 3 25 2053 1.6 39.025 118.108 0.11 6 2.8 

1970 3 27 013038.4 39.722 118.073 0.17 6 2.7 
1970 3 27 232046.9 39.685 117.978 0.39 5 2.0 
1970 3 28 085351.9 39.302 118.496 0.12 7 2.4 
1970 3 31 010225.4 39.064 118.089 0.12 7 2.5 
1970 4 10 125756.0 39.279 118.461 0.08""5 2.4 

1970 4 11 225258.0 39.715 118.073 0.19, 6 2.8 
1970 4 24 214822.2 39.459 118.402 0.51' 9 2.7 
1970 5 3 165713.2 39.042 118.087 0.07 G 2.6 
1970 5 3 214937.0 39.008 117.747 0.57 7 2.7 
1970 5 G 095335.3 39.100 118.064 0.10' 7 2.8 

1970 5 8 135240.1 39.322 118.472 0.13 8 2.4 
1970 5 25 074122.2 39.138 118.064 0.07 6 2.2 
1970 5 31 132458.3 39.077 118.125 0.28 6 
1970 6 6 182817.4 39.031 118.060 0.09 6 3.1 
1970 6 8 170139.7 39.438 118.423 0.40 6 

1970 6 11 093158.8 39.712 118.077 0.09 5 2.3 
1970 6 14 074410.3 39.061 118.124 0.67 7 1,8 
1970. 6 14 130038.1 38.808 117.966 0.12 4 1.7 
1970 6 21 170216.2 39.722 118.010 0.28 5 2.2 
1970 6 26 071628.2 39.320 118.435 0.27 8 

1970 6 30 091151.4 39.075 118.163 0.06 6 
1970 7 3 0104 1.7 39.661 118.053 0.x 5 1.6 
1970 7 8 070043.2 40.314 118.480 0.42 7 2.7 
1970 7 18 092934.6 39.397 117,772 0.28 7 2.4 
1970 7 27 084358.7 38.995 118,234 0.13 6 3.1 

1970 7 27 2329 1.0 39.067 118.166 0.02 4 2.3 
1970 7 30 075750.6 39.592 118.084 0.21 7 2.6 
1970 7 31 1009 .1 39.523 118.050 0.33 4 2.5 
1970 8 1 082445.2 39.356 118.447 0.13 5 2.2 
1970 8 4 1923 2.6 39.316 118.142 0.35 6 2.3 



1970 8 13 092629.6 39.681 118.083 0.24 5 2.5 
1970 8 22 000544.7 39.026 118.160 1.21 6 1.9 
1970 8 27 092056.9 38.944 118.182 0.46 8 2.0 
1970 8 27 143611.2 39.279 118.143 0.07 8 2.2 
1970 8 31 212427.0 38.870 118.080 0.45 9 3.5 

1970 8 31 213428.5 38.874 118.037 0.14 5 
1970 9 4 052451.6 39.091 118.052 0.09 6 2.1 
1970 9 14 085752.5 39.064 118.103 0.07 7 2.1 
1970 9 19 230023.3 39.909 117.319 0.54 8 3.5 
1970 9 19 2308 1.9 39.911 117.303 0.25 5 2.6 

1970 9 21 2335 7.5 39.033 118.082 0.07 9 2.9 
1970 9 24 123452.0 39.520 118.378 0.14 6 1.9 
1970 9 24 181037.3 39.013 118.130 0.08 7 2.8 
1970 9 29 115215.4 39.113 118.071 0.10 7 2.2 
1970 9 30 1815 7.8 39.101 118.081 0.13 7 2.9 

1970 10 1 
1970 10 1 
1970 10 5 
1970 10 8 
1970 10 9 ,  

1970 10 12 
1970 10 14 
1970 10 15 
1970 10 17 
1970 10 18 

165042.2 
165240.6 
161724.0 
071729.4 
035926.8 

093552.6 
192331.7 
162719.0 
103052.8 
044248.0 

39.045 
39.026 
39.713 
40.175 
39.111 

40.298 
39.020 
39.027 
39.032 
39.251 

118.085 
118.015 
118.061 
117.788 
118.059 

117.764 
118.104 
118.105 
118.095 
118.537 

0.06 6 2.1 
0.76 4 2.2 
0.17 7 2.1 
0.23 5 2.2 
0.13 8 2.2 

0.27 6 2.1 
0.11 6 2.3 
0.11 7 2.1 
0.15 8 2.4 
0.18 6 2.5 

1970 10 20 061928.2 38.801 117.968 0.10 6 2.5 
1970 10 20 185132.1 39.013 118.131 0.07 6 2.4 
1970 10 22 043820.8 39.001 118.189 0.31 5 2.8 
1970 10 22 071816.4 39.010 118.126. 0.09 7 2.7 
1970 10 24 035747.7 39.066 118.172 0.11 6 2.2 

1970 10 26 041829.9 39.369 118.111 0.15 6 2.2 
1970 10 29 024610.3 39.133 118.063 0.16 5 2.3 
1970 10 29 1531 3.5 39.117 118.062 0.08 7 2.4 
1970 10 29- 153726.5 39.111 118.076 0.33 7 2.7 
1970 10 29 153931.9 39.094 118.071 0.20 6 2.2 

1970 10 30 000148.6 39.695 118.047 0.14 6 2.5 
1970 10 30 222626.9 39.143 118.080 0.27 6 2.6 
1970 11 6 030529.6 39.160 118.119 0.06 7 2.7 
1970 1110 101429.5 40.402 117.616 0.24 7 2.2 
1970 11 13 171032.0 39.234 118.519 0.23 8 3.0 

1970 11 18 112757.1 39.109 118.061 0.16 7 2.2 
1970 11 21 172330.0 39.175 118.062 0.38 8 3.4 
1970 11 29 015430.3 38.917 117.852 0.20 4 1.8 
1970 12 1 205029.2 39.719 118.086 0.14 5 2.2 
1970 12 4 023655.3 38.819 117.968 0.08 5 2.1 

. 

76. 



YEAR M3 m y  HRMINSEX: LAT 

77. 

R4S NSTA MAG DEPIH Q 

118.114 0.14 8 2.2 
118.084 0.16 8 2.5 
118.203 0.14 9 2.3 
118.050 0.19 11 3.1 
118.091 0.08 7 2.4 

i 

1970 12 14 102027.2 
1970 12 17 070447.3 
1970 12 28 132847.6 
1971 1 1 003053.8 
1971 1 6 095427.2 

1971 1 7 200818.0 
1971 1 1 7  1211 2.1 
1971 1 20 001859.0 
1971 1 26 002544.9 
1971 1 28 044035.9 

1971 
1971 
1971 
1971 
1971 

1971 
1971 
1971 
1971 
1971 

1 28 
1 29 
1 30 
1 31 
1 31 

1 31 
2 3  
2 4  
2 6  
2 14 

39.336 
39.714 
39.004 
39.345 
39.044 

39 . 361 
39.339 
39.358 
38.864 
40.293 

140732.3 40.201 
065731.6 39.346 
024216.3 40.184 
102652.9 39.060 
164642.8 40.254 

203326.6 40.138 
154554.3 39.192 
230153.8 39.374 
161759.4 39.111 
005946.9 39.253 

118.337 0.32 8 2.5 
118.458 0.18 6 2.4 
118.461 0.13 5 2.0 
117.899 0.52 4 2.2 
117.836 0.16 5 1.4 

117.809 0.30 7 2.9 
118.122 0.19 7 2.6 
117.814 1.18 -4 1.6 
118.084 0.04 ‘ 5  2.0 
117.813 0.33 - 5  2.4 

118.540 0.64 ‘6 2.0 
118.037 0.39 - 6  2.5 
118.452 0.08 
118.072 0.10 h.7  2.3 
118.492 0.13 - 5 .  2.1 

1971 2 15 115326.8 39.342 118.112 0.15 -‘9- 2.6 
1971 2 16 000246.6 39.959 118.693 0.63 6: 2.1 
1971 2 20 104836.9 39.082 118.072 0.11 7 3.5 
1971 2 21 0847 5.1 39.284 118.084 0.17 7 .  2.9 
1971 3 9 , 140151.5 39.046 118.179 0.07 .7. 2.2 

1971 3 13 061121.7 39.103 118.054 0.18 8 2.3 
1971 3 15 14455267 39.201 118.066 0.18 8 3.5 
1971 3 18 <1703 2.0 39.196 118.074 0.16 10 2.8 
1971 3 21 170241.9 39.554 118.156 0.31 5 1.5 
1971 3 21 170330.4 39.556 118.147 0.34 6 2.7 

1971 3 22 094550.9 39.395 118.099 0.07 8 2.8 
1971 3 31 170430.9 39.396 118.087 0.24 5 1.7 
1971 4 5 0731 6.4 39.272 118.100 0.18 7 2.5 
1971 4 7 025635.3 39.178 118.074 0.12 9 2.4 

1 .  

1971 4 7 -192440.6 39.046 118.191 0.13 7 2.6 

1971 4 15 054916.3 39.134 118.074 0.12 7 2.4 
1971 4 18 030327.6 39.751 117.978 0.02 4 1.6 
1971 4 20 125018.6 39.173 118.074 0.07 0 

1971 4 29 002035.6 39.016 118.139 0.15 6 1.9 

1971 4 30 204619.8 39.503 118.429 0.11 6 2.5 
1971 4 30 205250.6 39.503 118.430 0.09 7 2.3 
1971 5 1 122255.1 39.479 118.448 0.20 7 2.8 
1971 5 2 185234.4 39.019 118.142 0.13 6 1.9 
1971 5 2 185917.0 39.018 118.131 0.05 7 2.4 

1971 4 28 080044.2 39.031 118.126 0.23, 6 1.9 



YEARMODAYHRMWSEK! LAT LLlN RMS NSTA MAG DEPTH Q 

1971 5 3 170620.2 39.289 118.111 0.18 7 1.0 
1971 5 5 0308 2.6 39.132 118.080 0.04 6 1.7 
1971 5 5 093331.0 39.486 118.453 0.07 4 
1971 5 6 0539 3.0 39.022 118.132 0.11 6 1.8 
1971 5 10 044116.2 39.079 118.111 0.06 6 1.9 

1971 5 10 105925.1 39.496 118.446 0.19 4 1.4 
1971 5 14 0818 4.3 39.037 118.087 0.06 4 1.8 
1971 5 14 1453 1.4 39.029 118.127 0.10 5 4.0 
1971 5 15 183752.1 40.445 117.603 0.49 4 2.4 
1971 5 17 153318.3 39.505 118.461 0.12 6 2.5 

1971 5 18 191924.8 39.977 117.708 0.30 6 2.3 
1971 5 18 192921.9 39.525 117.693 0.10 6 3.0 
1971 5 21 165237.2 39.591 118,082 0.10 5 2.4 
1971 5 21 201610.8 39.193 118.059 0.14 8 2.2 
1971 5 23 084259.7 39.601 118.022 0.02 4 1.9 

1971 5 27 101825.9 39.584 118.078 0.45 6 
1971 6 13 103152.0 39.019 118.134 0.09 8 2.4 
1971 6 18 021911.4 39.116 118.021 0.48 6 2.2 
1971 6 27 025330.0 39.032 118.158 0.09 5 2.1 
1971 6 29 075030.6 39.105 118.077 0.08 7 2.4 

1971 6 29 
1971 7 2 
1971 7 2 
1971 7 3 
1971 7 5 

14321.7 39.166 
070845.7 38.809 
180738.4 39.652 
085137.0 39.075 
0415 7.6 38.984 

118.086 
117.955 
118.283 
118.086 
118.169 

0.07 
0.01 
0.18 
0.13 
0.08 

8 2.9 
4 1.9 
6 1.9 
5 2.0 
5 2.7 

0626 9.5 39.703 
0317 4.8 38.983 
133610.6 39.708 
072145.0 39.196 
074657.0 39.105 

118.370 
118.177 
118.350 
118.169 
118.081 

0.23 
0.16 
0.23 
0.26 
0.04 

7 2.0 
5 2.3 
6 
5 2.5 
4 1.8 

1971 7 5 
1971 7 6 
1971 7 8 
1971 7 10 
1971 7 10 

1971 7 10 
1971 7 10 
1971 7 10 
1971 7 10 
1971 7 10 

150750.8 39.692 
150816.5 39.689 
150840.3 39.681 
152944.7 39.682 
153228.4 39.680 

118.034 0.18 6 2.0 
118.041 0.16 7 2.0 
118.062 0.11 4 2.1 
118.028 0.22 8 2.7 
118.062 0.09 6 2.1 

1971 7 11 
1971 7 11 
1971 7 11' 
1971 7 13 
1971 7 13 

064941.8 39.681 
065422.0 39.683 
075441.0 39.690 
0935 .1 39.050 
132443.3 39.683 

118.040 0.21 7 2.0 
118.045 0.18 8 2.8 
118.048 0.11 5 2.0 
117.364 0.09 4 2.3 
118.061 0.13 5 1.7 

1971 7 20 
1971 7 20 
1971 7 22 
1971 7 22 
1971 7 22 

172812.6 39.700 
172940.8 39.712 
110149.5 39.233 
153328.1 39.172 
1604 8.8 39.171 

118.045 0.70 4 
117.987 0.89 4 
118.502 0.11 5 2.1 
118.079 0.06 5 2.2 
118.082 0.01 5 2.4 



79. 

YEARmDAYHRMINSEC LAT LON RNS NSTA MAG DEPTH Q 

1971 7 23 051232.9 39.104 118.060 0.04 5 2.3 
1971 7 30 123034.6 39.295 118.497 0.15 5 2.3 
1971 7 30 140757.7 39.536 118.469 0.16 6 2.4 
1971 8 20 073930.8 39.710 118.081 0.05 4 1.6 
1971 8 21 104938.8 38.864 117.765 2.09 4 1.6 

1971 8 27 134533.8 39.250 118.095 0.17 8 2.3 
1971 8 30 214841.9 39.409 118.064 0.23 6 2.5 
1971 8 31 122038.0 39.116 118.049 0.02 6 2.0 
1971 9 6 223322.4 39.347 118.106 0.04 4 1.9 
1971 9 8 072655.1 39.055 118.179 0.16 5 1.9 

1971 9 14 003652.9 39.740 117.984 0.33. 6 1.6 
1971 9 19 203626.7 38.874 118.520 0.12 4 2.0 
1971 9 22 110647.6 39.051 118.095 0.01 4 1.9 
1971 10 2 045748.1 39.072 118.117 0.27 9 2.6 
1971 10 2 050647.1 39.076 118.196 0.06 5 1.9 

197110 2 085445.6 39.065 118.125 0.06 ' 0  2.3 
197110 5 085235.2 39.233 118.492 0.04 ' 5  2.0 
1971 10 5 085354.4 39.241 118.538 0.15':5 1.4 
1971 10 6 1731 2.6 39.116 118.626 0.78 '5 2.2 
1971 10 8 092923.6 39.093 118.101 0.09 2.0 

1971 10 8 1613 8.4 39.050 118.182 0.18 : S  
1971 10 9 142623.6 39.118 118.132 0.29 . 
1971 10 9 1839 9.9 38.997 118.212 0.53 ' 

1971 10 17 0344 3.6 38.991 118.185 0.13 5 1.7 
1971 10 17 143428.5 39.056 118.097 0.10 7 2.1 

1971 10 28 061533.2 39.088 118.065 0.18 5 1.8 
1971 10 29 235712.8 39.087 118.076 0.10 6 1.6 
1971 11 1 130213.4 39.494 118.427 0.26 7 2.5 
1971 11 4 171536.6 39.354 118.088 0.11 9 2.4 , 

1971 11 4 180317.2 39.355 118,093 0.11 9 2.5 

1971 11 5 053458.5 39.341 
1971 11 5 120458.7 40.417 
1971 11 5 123622.1 40.342 

1971 11 12 102736.3 39.563 

1971 11 23 212744.0 39.392 
1971 11 27 081813.6 39.311 
1971 12 1 032038.2 39.235 
1971 12 4 0834 1.9 39.664 
1971 12 7 001635.2 38.890 

1971 12 8 184331.0 39.089 
1971 12 10 014859.6 39.117 
1971 12 10 024527.7 39.093 
1971 12 11 103518.7 39.000 
1971 12 12 1453 7.6 40.481 

a1971 11 5 124419.9 40.352 

118.059 0.24 6 1.5 
117.608 0.75 4 2.7 
117.583 0.22 4 1.2 
117.593 0.19 4 1.6 
118.074 0.16 5 2.0 

118.068 0.06 6 1.9 
118.490 0.21 5 2.2 
118.112 0.27 4 1.b * 

118.083 0.23 7 2.3 
117.865 0.23 4 

118.097 0.08 5 1.7 
118.046 0.20 5 2.3 
118.103 0.10 7 2.6 
118.194 0.19 5 2.2 
117.644 0.12 5 2.8 



80. 

1971 12 13 210524.7 39.037 118.057 0.09 5 2.5 
1971 12 19 041929.7 39.413 118.053 0.08 6 2.2 
1971 12 28 163949.0 40.499 117.653 0.25 5 2.3 

1972 1 5 201028.4 38.900 117.845 0.38 6 2.2 
1971 12 29 204137.6 39.061 118.120 0.02 5 2.3 

1972 1 7 0158 1.8 39.105 118.081 0.25 8 1.4 
1972 1 7 093149.0 38.992 118.363 0.19 7 1.9 
1972 1 7 111317.9 38.989 118.369 0.14 7 2.3 
1972 1 8 023638.4 39.005 118.373 0.18 6 1.8 
1972 1 8 053149.7 39.034 118.304 0.65 7 2.1 

1972 1 1 9  045348.2 39.672 117.958 0.28 5 1.7 
1972 1 19 045552.8 39.685 118.027 0.07 7 2.3 
1972 1 19 073912.1 39.135 118.047 0.28 6 1.5 
1972 1 2 0  0126 4.0 39.450 118.338 0.14 7 1.8 
1972 1 2 0  0909 9.2 39.130 118.088 0.13 5, 1.6 

1972 1 2 1  002447.9 38.898 117.866 0.43 7 1.9 

1972 1 2 5  133317.3 39.093 118.051 0.32 7 1.4 
1972 1 23 191329.4 39.336 118.111 0.16 10 2.2 

1972 1 26 140921.4 39.200 118.070 0.08 6 1.5 
1972 1 3 1  182312.9 39.194 118.112 0.48 10 2.4 

1972 2 6 040714.1 39.145 118.147 0.21 5 1.3 
1972 2 9 063318.7 39.298 118.453 0.46 7 2.2 
1972 2 9 200841.6 39.180 117.837 0.43 6 1.8 
1972 2 10 112034.9 39.497 118.401 0.29 7 1.8 
1972 2 10 144549.3 39.416 118.088 0.21 8 2.2 

1972 2 11 055932.3 39.106 118.063 0.37 7 1.4 
1972 2 12 061121.5 39.098 118.055 0.26 8 2.5 
1972 2 12 061142.1 39.109 118.084 0.10 6 4.0 
1972 2 14 115322.9 39.748 118.161 0.50 8 1.6 
1972 2 20 131422.1 39.068 118.086 0.54 6 1.4 

1972 2 20 131554.8 39.073 118.081 0.48 6 1.5 
1972 2 23 1549 2.6 40.354 117.716 0.58 7 4.3 
1972 2 23 182726.9 39.134 118.092 0.24 6 1.7 
1972 2 24 023658.6 40.179 117.770 0.20 6 2.4 
1972 2 26 054728.2 39.404 118.450 0.17 6 

1972 2 29 224054.3 39.698 118.416 0.24 9 2.5 
1972 2 29 2303 7.9 39.686 118.442 0.33 8 2.2 
1972 3 2 162954.7 39.186 118.066 0.12 7 1.5 

1972 3 6 131531.1 39.154 118.116 0.58 10 2.6 
1972 3 2 203940.0 39.348 118.074 0.14 8 1.8 

1972 3 6 180710.8 39.109 118.087 0.65 4 1.0 
1972 3 6 203551.8 39.126 118.084 0.33 6 1.4 
1972 3 7 045024.5 39.233 118.101 0.16 6 2.1 
1972 3 7 1110 7.1 39.374 118.071 0.18 9 1.7 
1972 3 7 210940.5 39.582 118.044 0.14 6 2.2 



81. 

! 
yE;AR MO I3y1Y HFQ41NSE U T  LON EWSNS'PAMAG IXPIH Q 

1972 3 8 183023.9 39.712 118.234 0.17 5 1.1 
1972 3 8 190723.7 39.635 118.078 0.10 4 1.2 
1972 3 9 162736.2 39.830 117.380 0.30 8 1.9 

1972 3 11 063327.1 39.860 117.447 0.19 5 2.0 
1972 3 11 030326.3 39.723 118.361 0.21 6 1.8 

1972 3 12 043056.2 39.054 118.151 0.42 9 2.0 
1972 3 17 184021.8 39,392 118.427 0.16 6 1.4 
1972 3 18 091353.4 39.426 117.749 0.16 5 1.2 
1972 3 18 205145.9 39.126 118.067 0.21 6 1.4 
1972 3 20 160132.1 39.095 118.056 0.07 4 

1972 
1972 
1972 
1972 
1972 

3 22 
4 1  
4 3  
4 4  
4 5  

213836.1 38.994 
001726.2 38.912 
033914.4 39.537 
102361.1 39.166 
002554.7 38.916 

003758.8 39.247 
062722.9 39.452 
0638 4.0 40.391 
102756.4 40.298 
1132 9.5 40.335 

118.159 
117 . 892 
118.076 
118 . 083 
117.933 

0.29 9 
1.02 7 2.3 
0.16 5 1.8 
0.16 7 1.9 
0.90 7 1.9 . 

1 1972 
1972 
1972 
1972 
1972 

4 6  
4 6  
4 6  
4 6  
4 6  

118.116 
118.441 
118.579 
118.472 
118.499 

0.48 6 1.9 
0.20 7 1.9 
0.87 5 2.9 
O.'W 5 2.3 
0.26 6 1.7 

1972 4 7 2341 6.9 39.121 118.083 0 . B  6 2.1 
1972 4 9 061950.4 39.592 118.086 0.08 7 1.9 
1972 4 1 4  201646.3 39.285 118.098 0.35 7 2.2 
1972 4 21 200726.8 38.881 117.920 0.27 6 1.9 
1972 4 23 002430.0 39.513 118.016 0.08 4 1.6 

1972 4 24 2120 7.9 39.924 118.411 0.54 6 1.5 
1972 4 26 012857.0 39.920 118.395 0.38 5 1.4 
1972 5 2 184947.7 39.214 118.121 0.10 5 1.4 

1972 5 5 085939.1 39.556 118.204 0.15 5 1.5 
1972 5 3 190959.2 39.151 117.997 0.46 6 1.3 

1972 5 5 162254.0 39.228 118.030 0.26 8 2.3 
1972 5 8 232029.9 38.901 117.861 0.39 7 1.8 
1972 5 11 040628.3 39.703 118.052 0.10 5 1.6 
1972 5 11 185924.5 38.918 1174919 0.87 7 1.9 
1972 5 12 110230.4 39.575 118.153 0.22 11 1.9 

1972 
1972 
1972 
1972 
1972 

39.552 118.107 
40.275 118.499 
39.409 118.308 

39.411 118.090 
39.284 118.534 

0.13 8 1.8 
0.27 5 1.8 
0.53 7 2.0 
0.12 8 1.8 
0.13 9 2.2 

5 13 
5 13 
5 14 
5 17 
5 17 

083031 . 9 
230515.2 
1323 6.4 
011831.8 
040422.4 

095339.8 
113412.3 
200730.4 
1930 3.6 
083650.3 

39.582 118.124 
39.228 118.086 
38.915 117.881 
39.111 118.071 
39.107 118.073 

1972 
1972 
1972 
1972 
1972 

5 17 
5 18 
5 22 
5 24 
5 25 

0.30 12 2.4 
0.54 7 2.0 
0.12 5 2.0 
0.21 7 2.1 
0.17 8 2.2 



82. 

i 

1972 5 25 230840.7 39.105 118.041 0.22 5 2.1 
1972 5 27 160636.6 39.152 117.993 0.22 7 2.3 
1972 5 30 032614.9 38.807 117.951 0.56 7 2.5 
1972 5 30 1910 1.2 38.898 117.868 0.54 7 2.3 
1972 5 31 164438.0 39.254 117.894 1.20 5 2.2 

1972 6 1 091842.9 40.157 118.302 0.49 7 2.6 
1972 6 1 232041.3 38.911 117.874 0.24 5 2.2 
1972 6 2 114613.5 39.151 117.999 0.33 10 4.1 
1972 6 6 172418.0 39.109 118.066 0.23 9 2.1 
1972 6 6 195210.2 39.477 118.040 0.04 6 

1972 
1972 
1972 
1972 
1972 

1972 
1972 
1972 
1972 
1972 

6 16 
6 21 
6 21 
6 21 
6 22 

6 22 
6 22 
6 29 
7 4  
7 4  

231913.2 
083942.8 
085336.1 
2349 2.0 
035346.4 

051746.2 
070859.0 
230437.8 
010347.6 
065535.0 

38.968 
40.116 
40.107 
39.453 
39.691 

39.734 
39.690 
39.715 
38.995 
39.090 

118.080 
118.293 
118.272 
118.118 
118.016 

118.030 
118.009 
118.064 
117.419 
118.024 

0.21 5 
0.70 6 
0.32 6 
0.34 6 
0.33 8 

0.35 4 
0.26 6 
0.19 9 
0.87 6 
0.27 12 

2.2 
2.3 
2.2 
1.9 
2.6 

2.1 
2.1 
2.3 

2.2 
2.3 
2.2 
1.9 
2.6 

2.1 
2.1 
2.3 

1.5 

1972 7 4 232130.6 38.994 118.205 0.25 12 2.2 
1972 7 5 014913.2 40.179 118.461 0.63 7 1.9 
1972 7 6 232252.8 38.918 117.893 0.70 9 2.8 
1972 7 8 181113.3 39.134 118.031 0.17 7 2.8 
1972 7 9 2326 5.9 39.189 118.108 0.44 9 1.7 

1972 7 12 0123 5.8 39.283 117.691 0.31 14 3.3 
1972 7 12 021645.0 39.283 117.690 0.11 8 1.8 
1972 7 12 151728.8 39.287 117.689 0.20 11 2.5 
1972 7 18 131334.6 39.159 118.183 0.61 7 2.4 
1972 7 18 195956.9 39.327 118.120 0.16 9 2.8 

1972 7 18 200136.3 39.313 118.091 0.20 7 1.9 
1972 7 23 223719.6 39.496 118.467 0.28 12 2.8 
1972 7 29 101331.4 39.133 118.108 1.68 14 2.5 
1972 7 29 141420.3 39.007 117.580 0.16 6 2.2 
1972 7 29 195256.0 39.446 118.609 0.22 4 1.9 

1972 8 4 185538.1 39.305 118.069 0.16 6 
1972 8 4 2320 4.4 38.937 117.917 0.84 9 2.3 
1972 8 8 084644.7 39.113 118.088 0.46 8 1.6 
1972 8 8 181012.8 39.595 118.167 0.53 4 2.1 
1972 8 10 043548.9 39.722 118.045 0.31 7 2.7 

1972 8 13 090742.8 39.014 117.624 0.59 13 2.2 
1972 8 19 033214.0 39.085 118.053 0.19 9 2.7 
1972 8 21 0755 3.3 39.577 118.149 0.15 6 2.0 
1972 8 28 122535.6 40.391 117.570 0.86 11 1.8 
1972 8 28 123416.7 40.364 117.564 0.77 7 1.6 



03.  

YEARMOlXY"SEl2. LAT IJON W N S T A M A G  DEPTH Q 

1972 9 2 075840.1 38.974 118.384 0.20 12 1.5 
1972 9 2 0759 1.4 38.956 117.867 0.73 8 

1972 9 5 011146.9 39.010 118.132 0.34 8 2.5 
1972 9 6 190342.8 38.899 117.829 0.43 7 2.1 

1972 9 4 004138.3 39.060 118.126 0.44 8 2.8 

1972 9 9 181415.4 39,696 118.417 0.29 15 2.2 
1972 9 11 115132.1 39.045 118.166 0.45 9 1.3 

1972 9 15 234245.5 38.859 117.779 0.51 8 2.9 
1972 9 18 101%6.9 40.444 117.371 1.29 8 1.4 

1972 9 13 235737.5 38.872 117.967 0.54 8 2.3 

1972 9 19 
1972 9 27 
1972 9 29 
1972 9 30 
1972 10 1 

1972 10 1 
1972 10 3 
1972 10 3 
1972 10 10 
1972 11 11 

1972 11 12 
1972 11 15 
1972 11 17 
1912 11 17 
1972 11 22 

1972 11 23 
1972 11 23 
1972 11 23 
1972 11 25 
1972 11 26 

1972 11 29 
1972 12 1 
1972 12 4 
1972 12 6 
1972 12 8 

1972 12 8 
1972 12 9 
1972 12 10 
1972 12 10 
1972 12 13 

1972.12 28 
1973 1 1 
1973 1 6 
1973 1 9 
1973 1 13 

115352.9 39.092 118.101 0.44 6 2.4 
053051.3 38.969 118.176 0.25 10 2.5 
235225.8 39.369 117.524 0.27 9 2.3 
230832.9 39.394 118.145 0.43 11 1.9 
1124 1.1 40.291 117.734 0.39 12 2.3 

1133 4.8 40.392 117.861 0.47 6 1.8 

202819.8 39.274 118.513 0.18 11 2.0 
194511.8 38.879 117.812 0.33 7\ 2.5 

2045 6.7 39.084 118.077 0.44 10 
0106 7.9 40.495 117.564 0.64 5 ,  2.0 
102159.1 39.122 118.097 0.43 8% 12.2 
120026.1 39.712 118.061 0.19 10 2.4 
2353 9.4 39.111 118.034 0.20 7, '2.1 

024017.2 39.226 118.072 0.29 9; 2.0 

075043.2 38.859 118.348 0.24 9: 1.8 

032453.9 39.105 118.067 0.34 10 2.2 
130143.4 39.090 118.035 0.32 7 1.8 

1453 8.9 39.108 118.049 0.29 9 2.1 
151017.1 39.111 118.033 0.16 7 2.2 

223562.3 39.082 118.051 0.49 8 1.4 

200114.5 38.914 117.938 0.88 6' 
081637.2 39.055 118.143 0.37 13 2.9 
003719.6 39.339 118.140 0.22 7 2.4 
010116.6 38,808 117.941 0.23 6 1.8 
0715 6.0 39.308 118.139 0.12 9 2.8 

091826.2 39.335 118.092 0.21 8 2.2 

094125.2 39,105 118.069 0.40 7 1.7 

003330.7 38.896 117.841 0.57 5 

043514.0 39.575 117.795 1-34 7 1.7 

104228.5 39.107 118.060 0.34 10 2.9 

062815.5 39.294 118.527 Oe13 6 

002835.3 38.901 117.828'0.44 7 1.9 
003831.7 39.552 118.476 0.32 10 2.4 

171120.4 39.344 118.138 0.11 7 1.8 
010230.4 40.311 117.597 0.22 6 1.8 



84. 
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1973 1 13 2002 3.5 39.100 118.073 0.13 8 2.1 
1973 1 1 5  160912.2 39.200 118.016 0.43 6 1.5 

1973 1 25 155212.0 39.086 118.122 0.18 6 1.8 
1973 1 2 7  112119.1 39.052 118.169 0.31 12 2.7 

1973 119 -0416 9.9 39.340 118.063 0.22 9 2.0 

1973 1 2 8  2255 5.9 39.166 118.032 
1973 1 29 072229.1 39.893 117.828 
1973 1 31 002021.9 38.898 117.874 
1973 2 4 043040.3 39.305 118.111 
1973 2 10 194030.4 39.137 118.081 

1973 2 10 210748.6 39.404 118.096 
1973 2 10 212835.1 39.406 118.091 
1973 2 10 2308 2.1 39.154 118.063 
1973 2 11 000248.0 39.405 118.086 
1973 2 15 043931.8 39.020 118.453 

1973 2 15 112917.3 40.389 117.578 
1973 2 19 011138.6 39.360 118.001 
1973 2 19 100552.9 39.083 118.055 
1973 2 19 104050.8 39.144 118.073 
1973 2 22 0232 6.4 39.475 118.425 

1973 2 24 002425.7 38.917 117.899 
1973 3 10 064920.0 39.016 118.214 
1973 3 10 101241.6 39.277 118.084 
1973 3 11 222151.4 39.215 118.017 
1973 3 12 171412.1 39.031 118.158 

1973 3 16 145928.0 39.183 118.053 
1973 3 18 075924.2 39.242 118.029 

0.23 7 2.4 
0.20 7 2.6 
0.55 7 2.3 
0.19 9 2.8 
0.12 7 1.8 

0.23 10 2.8 
0.21 10 3.0 
0.17 8 2.0 
0.24 8 2.6 
0.11 9 2.1 

0.18 6 2.4 
0.19 8 2.1 
0.27 7 2.0 
0.11 7 2.0 
0.27 8 2.0 

0.82 6 2.1 
0.17 5 1.6 
0.15 8 1.8 
0.36 7 1.8 
0.33 8 1.8 

0.34 8 3.4 
0.27 6 1.8 

1973 3 18 201231.8 39.146 117.985 0.34 8 2.2 
1973 3 20 003115.3 38.913 117.895 0.81 6 2.3 
1973 3 20 151430.2 38.983 118.207 0.24 6 2.0 

1973 3 24 051436.7 39.025 118.137 0.46 7 1.9 
1973 3 27 201840.3 39.072 118.093 0.14 8 2.6 
1973 3 28 161855.1 39.124 118.062 0.20 9 2.6 
1973 3 29 212849.1 39.123 118.048 0.15 6 2.5 
1973 4 1 002344.3 38.898 117.827 0.46 6 2.4 

1973 4 2 054838.6 39.016 117.738 0.26 8 2.3 
1973 4 3 0757 9.3 39.042 118.165 0.27 7 1.5 
1973 4 4 065514.8 39.315 118.138 1.08 8 1.9 
1973 4 7 205829.9 39.066 118.119 0.27 8 1.7 
1973 4 8 0529 1.0 39.603 118.186 0.21 7 1.6 

1973 4 9 124111.4 39.106 118.143 0.27 8 1.7 
1973 4 12 010237.2 38.938 117.936 0.26 6 
1973 4 14 123534.3 39.078 118.109 0.33 8 2.1 
1973 4 17. 002522.5 38.911 117.883 0.62 7 1.9 
1973 4 21 002237.0 38.900 117.850 0.41 7 2.6 



1973 4 21 122021.3 
1973 4 22 031028.7 
1973 4 22 114658.7 
1973 4 22 114816.4 
1973 4 25 002345.2 

1973 4 27 0357 1.2 
1973 5 1 2324 3.2 
1973 5 5 200316.4 
1973 5 7 014618.6 
1973 5 7 083139.9 

IAT 

40.445 
39.186 
39.195 
39.196 
38.869 

39.633 
38.894 
39.060 
39.136 
39,340 

KN RMSNSTAMAG DEPIH Q 

117.585 0.40 6 2.8 
,118.044 0.33 7 1.8 
118.027 0.38 6 2.5 

117.981 0.70 6 

117.915 0.26 6 
117.881 0.78 6 2.1 
118.105 0.16 8 2.1 
118.057 0.16 7 1.5 
118.141 0.16 9 2.5 

118.037 0.20 5 2.0 

1973 5 7 
1973 5 11 
1973 5 13 
1973 5 16 
1973 5 18 

1973 5 21 
1973 5 22 
1973 5 26 
1973 5 27 
1973 5 27 

1973 5 28 
1973 6 7 
1973 6 8 
1973 6 9 
1973 6 17 

1973 6 18 
1973 6 19 
1973 6 20 
1973 6 24 
1973 6 26 

152546.8 
114656.6 
180151.6 
120912.6 
072057.9 

2321 2.5 
150316.4 
1957 8.4 
140531.1 
172836.2 

090824.7 
072829.3 
033210.2 
0603 4.7 
164418.5 

1319 1.3 
2305 9.5 
232521.3 
203659.0 
204228.2 

39.092 
39.323 
39.307 
39.095 
39 103 

38.894 
38.864 
39.023 
38.857 
38.870 

118.058 
117.570 
118.502 
118.061 
118.051 

117.822 
118.132 
118.176 
118.136 
118.115 

39.136 118.092 
39.064 118.131 
39.200 118.123 
39.040 118.097 
39.497 118.425 

39.063 118.064 
39.040 118.092 

39.450 118.093 
39.680 118.432 

38.898 117.849 

0.16 10 2.2 
0.29 6 2.2 
0.33 8 2.0 
0.28 8' 2.1 
0.30 6 1.8 

0.47 6;  2.3 

0.20 6 
0.18 9'' 2.7 
0.20 9 '  2.1 

0.25 7 "2.6 

0.31 
0.25 9'."2.6 
0.12 6 ' l . 9  
0.30 8 1.8 
0.32 5 1.7 

I 

0.29 8 2.5 

0.35 ' 7 
0.16 6 2.0 

0.17 7 2.2 

0.22 5 -  1.6 

1973 6 29 052530.3 39.423 118.413 0.28 5 2.1 

1973 6 30 012812.1 39.323 118.117 0.27 5 2.2 
1973 6 29 234250.6 39.316 118.111 0.39 7 2.7 

1973 6 30 175413.7 39.064 118.217 0.10 5 
1973 6 30 233019.7 38.893 117.819 0.39 7 2.4 

1973 7 1 102853.3 39.088 118.152 0.27 6 
1973 7 2 0652 3.2 39.833 117.885 0.23 8 2.5 
1973 7 4 084619.6 39.582 118.094 0.15 5 2.0- 

1973 7 6 015354.8 40.086 118.074 0.42 6 2.7 

1973 7 6 174923.6 38.935 117.915 0.89 7 2.1 

1973 7 5 221738.3 39.194 118.088 0.27 8 2.6 

1973 7 8 051014.1 39.745 118.032 0.24 8 2.6 
1973 7 10 232518.7 38.892 117.816 0.49 5 1.9 
1973 7 13 020455.4 39.263 118.122 0.09 4 2.4 
1973 7 15 094624.9 39.040 118.110 0.30 5 1.9 



86. 

YEAR M3 BAY "SE 

1973 7 15 232210.5 
1973 7 18 232228.9 
1973 7 25 231818.3 
1973 7 29 024610.2 
1973 7 31 232426.6 

1973 8 2 172129.6 
1973 8 3 070234.5 
1973 8 5 024539.9 
1973 8 6 035138.0 
1973 8 9 010344.7 

1973 8 10 215329.2 
1973 8 10 232417.2 

1973 8 12 095950.0 
1973 8 16 020254.4 

1973 8 11 065518.7 

1973 8 19 022628.8 
1973 8 27 062857.5 
1973 8 31 2325 7.2 
1973 9 8 0247 5.1 
1973 9 11 2323 2.4 

1973 9 12 2144 9.3 
1973 9 17 2011 7.4 
1973 9 17 2101 8.6 
1973 9 19 0646 1.6 
1973 9 19 103015.6 

1973 9 22 062752.3 
1973 9 25 2320 2.6 
1973 9 27 203712.4 
1973 10 1 121720.9 
1973 10 4 055133.5 

1973 10 6 
1973 10 7 
1973 10 7 
1973 10 11 
1973 10 12 

1973 10 13 
1973 10 13 
1973 10 16 
1973 10 16 
1973 10 20 

1973 10 26 
1973 10 26 
1973 10 30 
1973 10 31 
1973 11 1 

232350.7 
092858.8 
171452.8 
1853 4.8 
1646 2.5 

020343.5 
224310.7 
001412.5 
231620.5 
140736.2 

043119.9 
191159.1 
043714.4 
1330 4.1 
145520.7 

LAT IxlN RMSNsTaMAG DEPTH 0 

39.029 118.071 0.20 8 1.8 
39.209 118.000 0.36 8 2.2 
39.118 118.075 0.22 5 2.1 
39.065 118.136 0.29 7 2.0 
38.890 117.835 0.46 6 2.6 

39.211 118.032 0.25 6 2.0 
39.325 118.083 0.09 7 2.0 
39.041 118.146 0.12 8 2.0 
39.213 118.112 0.02 5 2.1 
39.066 118.034 0.26 5 1.8 

39.377 118.128 0.09 5 1.8 
38.900 117.843 0.45 5 2.3 
39.036 118.188 0.29 7 1.9 
39.289 118.091 0.10 7 1.9 
39.204 118.028 0.16 6 2.0 

38.887 117.718 0.40 7 2.2 
39.051 118.115 0.18 7 2.5 
38.898 117.855 0.50 5 2.6 
39.430 118.490 0.60 6 2.1 
38.907 117.869 0.63 6 2.2 

39.033 118.157 0.41 7 2.0 
39.536 118.536 0.12 5 2.0 
39.011 118.142 0.12 6 1.8 
39.416 118.581 0.58 6 2.2 
39.388 118.481 0.22 4 1.7 

39.093 118.098 0.32 9 2.4 
38.895 117.860 0.67 6 2.4 
39.132 118.070 0.14 5 2.1 
39.240 118.022 0.58 5 
39.154 118.047 0.21 9 1.5 

38.896 117.824 0.39 7 2.1 
39.579 118.033 0.12 9 2.3 
39.600 118.030 0.24 7 
39.020 118.472 0.22 8 2.5 
39.505 118.413 0.37 6 3.1 

39.584 118.062 0.30 6 2.4 
39.616 118.012 0.27 6 2.2 
39.740 117.860 0.12 5 2.2 
38.893 117.835 0.41 6 2.4 
38.873 118.187 0.27 5 2.4 

39.495 118.289 0.18 7 2.4 
38.891 117.826 0.48 7 2.5 
39.248 117.358 0.14 6 2.6 
39.230 117.389 0.17 10 2.8 
39.233 118.110 0.06 5 2.0 



1973 11 2 
1973 11 2 
1973 11 3 
1973 11 3 
1973 11 7 

1973 11 10 
1973 11 12 
1973 11 13 
1973 11 14 
1973 11 15 

1973 11 15 
1973 11 17 
1973 11 17 
1973 11 21 
1973 11 22 

1973 11 27 
1973 11 28 
1973 11 30 
1973 12 2 
1973 12 5 

1973 12 10 
1973 12 10 
1973 12 11 
1973 12 17 
1973 12 21 

060824.0 
090458.0 
061459.2 
202736.6 
164542.5 

153438.4 
121133.2 
002459.1 
221329.7 
132949.4 

203633.1 
071541.5 
1244 9.4 
123425.6 
002328.7 

101751.5 
002212.2 
221232.1 
1450 .4 
230421.2 

010823.4 
231611.0 
222551.0 
064216.4 
1726 8.7 

40.397 
39.496 
39.059 
38.810 
39.140 

39.040 
39.353 
38.898 
39 . 042 
39.135 

39.059 
39.310 
39.607 
39.675 
38.890 

39.065 
38.897 
39.163 
39.066 
39.157 

39.146 
39.694 
39.100 
40.100 
39,030 

117.696 
117.618 
118.106 
118.049 
118.044 

118.072 
118.094 
117.840 
118.031 
118.110 

118.080 
118.530 
118.076 
118.019 
117.833 

118.033 
117.852 
118.042 
118.166 
118.182 

117.977 
117.999 
118.046 
117.673 
118.056 

87. 

0.54 6 2.9 
0.36 6 2.4 
0.29 6 2.2 
0.17 5 2.6 
0.17 7 2.0 

0.19 9 2.1 
0.19 7 1.8 
0.40 7 2.2 
0.12 6 2.4 
0.32 7 2.3 

0.18 8 2.4 
0.25 7 1.7 
0.22 9 2.0 
0.05 5 2.5 
0.44 ,6 2.3 

0.29, 6 

0.18' 8 
0.35 '7 
0.13 5 2.5 

0.37 .6 2.8 
0.08 :? 2.4 
0.10 6 2.1 
0.23 6 3.0 
0.25 .:7 2.1 

0.54':'6 2.4 

* .  

1973 12 26 001431.4 39.452 118.416 0.41 6 1.9 
1973 12 28 002247.4 38.913 117.806 0.37 7 2.4 
1973 12 28 153525.8 39.469 118.053 0.15 7 2.3 
1973 12 29 041558.5 39.024 118.059 0.24 9 3.0 
1974 1 1 062231.7 38.997 118.242 0.18 7 2.1 

1974 
1974 
1974 
1974 
1974 

1974 
1974 
1974 
1974 
1974 

1 7 152311.7 39.370 118.526 
1 18 232736.4 38.901 117.811 
1 2 3  033045.0 39.373 117.905 
1 23 232237.4 38.925 117.769 
1 2 8  1958 1.0 40.101 118.142 

114740.5 40.155 117.782 
2 7 061328.6 39.076 118.102 
2 9 1555 1.8 39.019 118.087 
2 10 0528 4.8 39.057 118.177 
2 11 184522.4 .150 117.970 

0.47 7 2.0 

0.24 5 2.2 
0.31 8 2.2 
0.37 8 2.6 
0.23 8 2.6 
0.32 5 2.0. 

1974 2 11 184640.4 39.144 117.971 0.32 6 2.1 
1974 2 12 082020.6 39.001 118.116 0.02 4 
1974 2 13 1451 5.9 39.343 118.481 0.36 8 2.1 
1974 2 17 055314.1 39.046 118.028 0.10 6 1.7 
1974 2 20 035724.1 39.581 118.063 0.32 8 2.4 



1974 2 20 041338.2 39.585 118.054 0.24 8 2.5 
1974 2 20 1940 .8 39.591 118.025 0.26 6 2.2 
1974 2 23 160124.7 39.134 118.069 0.27 4 
1974 2 25 202038.5 39.397 118.099 0.27 8 2.4 
1974 3 18 190340.4 38.919 117.812 0.31 6 2.2 

1974 3 22 954 3.0 38.874 118.061 0.20 4 1.6 28.12 C 
2.75 D 1974 3 22 135551.8 39.352 117.891 0.51 6 

1974 3 22 135557.0 39.057 118.119 0.11 9 2.3 

1974 3 23 173239.7 39.190 117.576 0.41 7 0.34 D 
1974 3 23 011319.9 39.607 118.052 0.21 7 2.0 

1974 3 26 254 2.1 39.648 118.139 0.03 6 3.4 5.62 D 
1974 3 26 25411.8 39.098 118.271 0.23 8 2.8 D 
1974 3 26 232119.6 38.897 117.843 0.47 8 2.8 
1974 3 27 232121.0 38.831 117.926 0.13 10 3.4 2.45 D 
1974 3 30 11i357.5 39.005 118.221 0.18 7 2.3 

1974 4 2 232524.9 38.905 117.827 0.46 7 2.2 
1974 4 5 093h19.4 39.086 118.052 0.34 6 
1974 4 5 2136 2.7 39.112 118.000 0.09 6 
1974 4 7 174321.6 39.320 118.078 0.15 8 2.5 1.38 D 
1974 4 15 233332.9 39.062 118.453 0.78 7 2.8 

1974 4 23 07i533.9 38.952 118.178 0.17 9 2.4 
1974 5 2 194958.1 39.112 118.038 0.21 5 2.6 

1974 5 3 083746.1 39.054 118.074 0.27 11 
1974 5 5 221014.4 39.081 118.176 0.24 10 2.1 1.46 D 

1974 5 3 042040.3 39.054 118.171 0.40 11 3.2 

1974 5 12 231853.8 39.358 118.130 0.16 7 2.4 
1974 5 13 122617.7 39.156 117.999 0.31 14 2.5 4.01 D 
1974 5 13 192152.0 38.916 117.842 0.28 7 2.4 
1974 5 15 61132.9 39.057 118.093 0.09 6 2.2 0.40 D 
1974 5 15 61136.4 38.859 118.147 0.03 5 1.9 D 

1974 5 15 082938.3 39.245 118.168 0.16 11 2.2 

1974 5 15 131049.5 39.078 118.145 0.34 6 2.4 
1974 5 16 010638.3 39.539 118.424 0.10 8 2.5 
1974 5 17 14 915.9 39.111 118.134 0.10 7 2.4 1.87 D 

1974 5 19 0014 3.6 39.314 118.110 0.22 5 2.6 
1974 5 23 1148 8.7 40.290 118.551 0.26 9 2.8 
1974 5 23 232335.7 38.895 117.827 0.48 6 2.7 
1974 5 26 174539.3 39.360 117.981 0.16 6 2.4 9.02 D 
1974 5 26 174544.0 39.134 118.045 0.25 10 1.8 

1974 5 15 131046.2 39.268 118.057 0.19 6 2.8 0.34 D 

1974 6 5 042049.6 39.243 117.387 0.48 7 2.9 
1974 6 5 163223.8 38.882 117.898 0.39 6 
1974 6 15 134853.6 39.455 117.986 0.12 5 2.1 
1974 6 21 41134.7 38.814 117.623 2.72 9 2.8 55.70 D 
1974 6 22 232543.3 38.949 117.835 0.78 7 2.5 

88. 



89. 

1 

t 

YI?,ARtIoIlAYHRMINSEC LAT EMSNSTAMAG DEPTH Q 

1974 6 25 235632.9 39.628 118.460 0.61 .la 
1974 6 27 1811 08 39.507 118.022 0.22 6 2.3 
1974 6 29 205334.3 39.100 118.021 0.45 7 2.0 
1974 7 1 105029.9 39.114 117.965 0.32 7 1.9 
1974 7 1 143241.5 39.332 118.498 0.39 7 2.1 

1974 7 13 195736.4 39.225 118.059 
1974 7 19 131515.9 38.816 117.928 
1974 7 20 2326 .9 39.072 118.113 
1974 7 22 1227 4.4 39.669 117.955 
1974 7 25 232720.5 38.825 118.001 

1974 8 1 020025.3 39.026 118.235 
1974 8 1 101555.1 39.107 118.052 
1974 8 9 162717.1 38.826 117.787 
1974 8 11 002027.1 39.321 118.134 
1974 8 14 193135,l 38.897 117.853 

0.33 7 2.0 
0.12 6 2.0 
0.12 6 2.3 

1.07 ~ 6 2.5 

0.09 1.9 2.9 
0.19, .,7 1.6 

0.33 - 8  2.7 
0.37 a10 -2.6. 

0.14 8 ,2.1 

0.28 11 2.6 2.48 D 

1974 8 25 041551*6 39.646 118.373 0.67 (-6. 2.7 
1974 8 26 103332.8 39.105 118.059 0.23 $4: 2.2 5.12 D 
1974 8 26 183331.0 39.079 118.140 0.18 19- 2.6 5.20 D 
1974 9 2 233217.6 39.093 118.127 0.25 ;16;-2.4 2.23 D 
1974 9 13 101628.2 39.374 117,932 0.09 .6, 2.5 2.48 D 

1974 9 13 101633.8 39.077 118.030 0.04 ..%. 2.1 D 
1974 9 13 142114.8 39.158 118.058 0.16 8. 2.3 2.92 D 

1974 9 17 173159.6 39.102 118.064 0.13 1.1, 2.7 0.81 D 
1974 9 17 1732 .2 39.058 118.115 0.21 .ea: 
1974 9 14 01812.4 38.869 117.958 0.23 10 2.4 1.27 D 

1974 9 26 5 626.6 39.189 118.032 0.17 16' 2.6 1.62 D 
1974 9 27 34053.8 39.091 118.160 0.10 8 2.1 8.59 D 

1974 10 8 44034.2 38.807 117.841 0.13 11 2.3 2.19 D 
1974 10 11 141954.0 39.074 118.201 0.17 7 2.1 5.02% D 

1974 10 1 175227.3 38.855 117.885 0.07 7 2.4 1.85 D 

1974 10 13 
1974 10 24. 
1974 10 26 
1974 10 27 

~ 1974 10 31 

1974 11 1 
1974 11 2 
1974 11 6 
1974 11 8 
1974 11 12 

1974 11 15 
1974 11 18 
1974 11 19 
1974 11 21 
1974 11 26 

133640.6 39.049 118.161 0.71 7 2.1 56.29 D 
133415.2 39.542 118.419 0.28 6 3.0 
81840.6 38.862 118.072 3.12 10 2.0 0.30 D 
5 619.3 39.119 118.033 0.15 10 2.2. ,1.53 D 
224048.3 38.990 118.238 1.01 7 2.1 28.00 D 

15514.9 39.189 118.140 0.29 11 2.2 0.50 D 
14647.6 38.802 117.969 0.28 6 '1.9' 3.31 D 
95527.7 39.300 118.162 0.40 10 .2.5 -5.50 D 
133624.4 39.715 118.260 0.10 8 
201614.2 38,917 117,845 0.40 6 2.7 

165421.5 39.616 118.075 0.25 9 2.6 , 

83149.6 39.117 118,024 0.18 12 2.6 0.50 D 
002425.4 38.854 117.905 0.24 5 2.5 
194329.0 39.098 118.178 0.38 8 2.8 
093327.0 39.331 118.104 0.16 7 2.2 



90. 

! 

1974 11 26 101024.2 39.605 118.071 0.36 9 2.2 
1974 11 26 105743.8 39.596 117.981 0.31 9 1.9 
1974 11 29 003253.1 39.600 118.084 0.36 10 3.1 
1974 12 8 103316.5 39.074 118.168 0.18 10 2.4 16.78 B 
1974 12 8 153013.0 39.075 118.113 0.19 11 3.0 16.24 C 

1974 12 13 132850.6 39.157 118.124 0.21 5 2.6 
1974 12 15 074442.2 39.248 118.446 0.10 5 
1974 12 16 2104 5.7 39.506 118.472 0.17 10 2.8 
1974 12 17 141549.4 38.947 117.679 1.01 7 2.0 
1974 12 17 1731 4.7 39.234 118.021 0.36 5 2.5 

1974 12 17 1731 7.4 39.043 118.214 0.15 9 2.5 2.50 C 
1974 12 17 201540.1 39.033 118.213 0.02 7 2.0 
1974 12 22 
1974 ‘12 24 
1974 12 26 

1974 12 29 
1975 1 2 
1975 1 3 
1975 1 3 
1975 1 4 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

0024 2.6 
1432 8.4 
62848.7 

171618.6 
090144.8 
150820.3 
194218.8 
053812.4 

39.290 
39.346 
39.074 

39.148 
39.048 
39.172 
38.993 
39.730 

118.077 0.74 5 2.6 
118.168 0.38 9 2.6 0.14 D 
118.128 0.05 8 2.6 9.35 B 

118.135 0.04 8 3.2 11.42 B 
118.153 0.13 7 2.0 
117.659 0.24 10 2.4 
118.182 0.23 7 2.0 
117.991 0.27 9 2.7 

1 4 164630.5 39.045 118.147 0.29 11 2.2 4.01 D 
1 5 04754.8 39.019 118.189 0.26 27 3.0 8.66 B 
1 9 031926.4 39.396 118.451 0.23 6 2.1 
1 9 0749 5.4 39.044 118.056 0.25 6 2.2 
1 14 094725.0 40.260 118.475 0.28 8 2.2 

1 1 6  165249.1 39.084 118.065 0.22 15 2.3 0.74 D 
1 18 213522.3 39.022 118.160 0.24 19 2.5 9.85 B 

1 2 1  459 4.9 39.017 118.154 0.26 13 1.9 10.19 C 
1 2 3  205319.1 39.025 118.117 0.20 12 2.1 6.72 C 

1 2 0  1240 9.6 39.036 118.130 0.05 7 0.4 7.81 C 

1 24 4 614.9 39.035 118.174 0.16 11 1.8 7.23 C 
1 2 9  135452.4 39.627 118.106 0.27 7 2.5 
1 30 005637.1 39.522 118.472 0.09 9 1.9 
1 30 2315 4.6 39.172 117.401 0.33 8 2.1 
2 4 7 515.2 39.031 118.169 0.20 16 2.3 14.13 C 

2 10 062639.4 39.349 118.140 0.16 8 1.9 
2 10 114729.1 39.761 118.396 0.30 7 
2 15 45733.0 39.376 118.479 0.09 5 1.9 22.74 D 

2 22 0 248.4 39.066 118.107 0.15 12 2.0 7.80 C 
2 15 142737.5 39.084 118,108 0.12 10 2.1 9.41 C 

2 22 140424.4 40.009 118,244 0.18 8 2.4 
2 26 81011.1 39.381 118,111 0.12 14 2.3 12.82 C 
2 26 95432.8 39.017 118.661 0.19 21 2.8 12.95 C 
2 27 094439.6 39.078 118.050 0.43 7 1.5 
3 2 34119.0 38.806 117.944 0.19 11 1.8 17.53 D 



91. 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
\ 1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

1975 
1975 
1975 
1975 
1975 

M O Q A Y ~ I N S M :  LAT LON RElSNSTAMAG 

3 4 153254.5 39.032 118.178 0.05 7 1.0 
3 9 023421.3 39.083 118.021 0.20 5 1.0 
3 9 035818.2 39.767 118.409 0.32 9 3.5 
3 9 1049 2.9 39.026 118.154 0.13 6 1.0 
3 10 130434.8 39.004 118.215 0.16 9 1.6 

3 14 032827.9 38.808 118.429 0.00 2.4 
3 15 15 125.1 38.948 118.128 7.81 13 2.2 
3 19 225548.5 39.332 118.116 0.28 10 2.5 
3 19 225750.3 39.358 118.088 0.31 8 
3 20 025611.8 39.250 118.205 0.36 7 2.1 

3 21 103747.5 39.381 118.166 0.37 8 2.1 
3 24 15 231.2 39.030 118.197 0.19 14 2.6 
3 28 235958.7 38.994 118.202 0.26 8 2.1 
3 30 215531.9 39.192 118.091 0.09 6 1.5 
4 13 83056.0 39.064 118.057 0.17 9 2.6 

4 13 10 024.1 39.067 118.073 0.21 11 3.2 
4 16 916 5.9 39.045 118.105 0.40 12 2.9 
4 18 151218.6 39.306 118.148 0.15 7 1.8 
4 19 065749.6 40.238 118.574 0.39 9 2.9 
4 20 14524.8 39.032 118.173 0.22 10 2.3 

4 22 71219.9 38.989 118.193 0.19 12 2.2 
4 23 73328.7 39.068 118.111 0.12 8 2.3 
4 27 211149.1 39.061 118.154 0.15 11 1.9 

04443.4 39.535 118.479 0.56 9 3.1 
5 21 24736.8 39.020 118.226 0.15 15 2.3 

6 1 0239 1.4 40.001 118.235 0.20 9. 2.0 
6 3 190359.3 39.999 118.229 0.41 7 2.6 
6 4 105641.8 39.254 118.549 0.33 7 1.4 
6 4 173932.0 39.327 117.599 0.21 6 2.2 
6 5 191232.5 38.913 117.834 0.38 7 2.4 

6 7 103228.9 39.226 118.544 0.37 8 2.3 
6 14 12 253.9 39.255 118.553 0.14 9 2.2 
6 15 2056 8.3 38.993 118.184 0.29 12 2.5 

6 24 0504 3.2 39.330 118.097 0.31 8 2.3 

6 24 -724 4.6 39.083 118.038 0.12 9 2.4 
6 27 95042.0 39.386 118.073 0.10 12 2.6 
6 28 221212.1 39.065 118.146 0.11 16 2.3 
7 1 175311.0 39.560 118.454 0.20 14 2.8 
7 3 113056.2 39.058 118.120 0.15 12 2.2 

7 10 2 126.9 39.253 118.041 0.16 12 2.2 
7 13 011635.0 39.386 117,632 0.00 4.0 
7 13 013658.2 39.384 117.651 0.00 4.2 
7 21 1739 2.0 39.037 118.165 0.15 15 2.5 
7 23 251226.7 39.382 118,126 0.12 13 2.9 

6 16 51522.7 39,287 118.138 0.18 11 2.6 

DEm 

0.09 

10.59 

11.81 

11.23 
4,63 

4.02 

7.86 
5.61 
13.63 

10.13 

15.33 
12.99 
9.02 

16.67 
15.40 
15.60 
6.87 
11.13 

14.49 

10.64 
0.92 

Q 

D 

B 

C 

C 
C 

C 

B 
C 
C 

C 

D 
C 
D 

D 
C 
C 
C 
C 

C 

C 
D 



92. 

1975 7 23 151512.8 39.402 118.084 
1975 7 29 162429.5 39.613 118.079 
1975 7 29 163234.4 39.651 118.040 
1975 8 15 052039.3 39.178 118.123 
1975 a 29 231746.2 39.054 118.173 

1975 8 30 003443.7 39.402 118.051 
1975 9 6 15 8 3.1 39.213 118.062 
1975 9 7 620 3.9 39.366 118.098 
1975 9 10 1247 4.7 38.825 118.015 
1975 9 10 2023 5.8 39.041 118.112 

1975 9 10 2032 5.8 39.040 118.107 
1975 9 12 092554.6 40.410 117.855 
1975 9 22 085139.1 39.640 118.114 
1975 9 23 141740.8 39.393 118.469 
1975 9 25 112059.2 38.990 118.218 

1975 9 25 1225 2.3 39.104 118.144 
1975 10 4 111920.5 39.816 117.862 
1975 10 6 235110.1 39.057 118.132 
1975 10 22 020123.0 39.599 118.096 
1975 10 22 155937.3 39.393 118.108 

1975 11 9 171658.6 38.853 118.012 
1975 11 13 13 937.1 39.152 118.086 
1975 11 22 346 7.1 39.022 118.187 
1975 12 2 05156.2 39.104 118.059 
1975 12 5 1153 2.9 39.527 118.444 

1975 12 5 224029.7 39.105 118.070 
1976 1 5 134649.3 39.390 118.447 
1976 1 21 52330.3 39.416 117.713 
1976 1 31 4 746.7 39.376 118.453 
1976 2 14 221023.2 39.135 118.065 

1976 2 15 18 611.5 39.190 118.044 
1976 2 20 184531.9 39.364 118.534 
1976 2 28 233039.5 39.095 118.059 
1976 3 31 133330.9 39.198 118.090 
1976 3 31 134513.9 39.290 118.465 

1 1976 4 2 125637.3 39.532 117.664 
1976 4 2 134537.6 39.535 117.644 
1976 4 3 80457.4 39.263 118.486 
1976 4.21 35637.9 39.061 118.090 
1976 4 22 214433.9 39.405 118.078 

1976 5 4 434 0.3 39.022 118.193 
1976 5 5 54657.6 40.012 117.455 
1976 5 6 231938.8 38.874 117.858 
1976 5 12 34746.7 39.4314. 118.073 
1976 5 16 427 7.9 39.269 118.144 

RMS PJSTA MAG 

0.07 11 2.6 
0.26 6 3.1 
0.28 9 2.7 
0.11 5 
0.13 23 2.9 

Ot36 6 3.9 
0.12 13 2.5 
0.20 14 2.4 
0.11 11 2.3 
0.08 9 2.9 

0.00 2.3 
0.61 7 2.5 

0.28 5 2.1 
0.22 6 2.5 

0.07 10 2.5 

0.08 12 2.6 
0.28 5 
0.07 8 2.4 
0.26 7 2.4 
0.24 7 2.8 

0.06 10 2.5 
0.06 11 3.0 
0.05 11 2.3 
0.07 14 2.8 
0.20 6 2.4 

0.10 12 3.4 
0.19 11 2.9 
0.33'11 2.5 
0.09 13 3.3 
0.15 9 1.8 

0.18 12 2.9 
0.21 11 3.7 
0.05 9 :3.6 
0.14 7 1.5 
0.28 10 3.1 

0.35 9 4.1 
0.44 10 2.8 
0.38 9 1.4 
0.04 9 2.7 
0.45 10 2.0 

0.09 8 2.7 
0.05 6 1.1 
0.00 5 3.0 
0.14 10 '2.8 
0.13 13 2.7 

DEP'IHQ 

9.35 c 

1.62 D 

15.01 C 
13.15 C 
12.57 C 
12.11 c 

11.30 C 

12.54 c 
11.39 C 

13.42 C 
15.82 C 
11.23 C 
9.46 c 

L 

11.09 c 
4.28 D 
9.00 
11.80 c 
10.50 

9.75 c 
2.75 D 
12.07 C 

5.60 

10.40 
23.60 
12.00 
10.95 C 
6.40 

13.59 C 
11.40 
2.77 C 
3.61 D 
1.71 C 



93. 

i 

1976 5 21 12216.6 39.169 118.161 0.24 14 2.7 9.94 
1976 5 21 115521.5 39.104 118.082 0.13 11 2.6 11.23 
1976 5 21 115623.1 39.102 118.123 0.11 7 2.5 9.24 
1976 5 23 54130.5 39.673 118.438 0.37 6 1.6 
1976 5 23 204250.8 39.114 118.078 0.18 15 3.1 9.77 

1976 6 1 213640.1 39.096 118.045 0.31 9 .2.1 
1976 6 7 210025.5 39.378 118.500 0.32 9 0.8 
1976 6 9 7 916.5 39.115 118.056 0.22 9 2.7 13.06 

1976 6 22 223907.3 39.324 118.502 0.74 10 1.7 9.80 
1976 6 14 195711.0 38.988 118.164 0.45 16 2.8 11.20 

1976 7 6 142838.3 39.158 118.120 0.21 8 2.3 9.49 
1976 7 14 232239.8 39.056 117.714 0.07 6 3.0 2.23 
1976 8 6 245 3.9 39.093 118.070 0.17 10 3.1 5.87 
1976 8 31 6 858.6 39.004 118.104 0.37 5 2.4 4.95 
1976 9 4 180303.2 39.389 117.576 0.34 9 2.0 19.50 

1976 3 4 180353.5 39.383 117.565 0.34 13 2.8 14.00 
1976 9 7 2 740.2 38.933 118.193 0.84 14 2.8 10.23 

1976 10 2 84055.3 39.110 118.068 0.21 11 3.9 10.46 
1976 '9 12 231930.6 39.115 118.078 ~0.13 6 2.5 8.83 

1976 10 6 233146.9 39.091 118.093 0.12 8 2.6 8.42 

1976 ID 7 111846.8 390095 118.068 0.07 10 2.9 11.78 
1976 IO 26 174031.9 39.086 118.089 0.48 13 2.1 12.10 

1976 1jl 4 01138.8 38.865 118.578 0.22 16 2.8 17.12 
1976 11 11 45909.3 39.435 117.765 0.32 12 2.2 18.20 

1976 10 28 205646.4 39.009 118.112 0.67 8 2.1 5.50 

1976 11 14 111712.5 39.372 117.827 0.21 12 1.7 17.40 
1976 11 17 82348.4 40.273 117.629 21.59 16 4.3 12.80 

1976 11 27 13019.0 39.329 118.363 0.36 .9 0.8 18.60 
1976 12 3 13 017.4 39.112 118.063 0.23 .7 2.8 11.04 

1976 12.3 231652.0 39.193 118.102 0.16 .7 3.3 9.89 
1976 12 5 140301.4 39.726 118.089 0.43 10 1.6 
1976 12 27 83141.6 39.145 118.050 0.13 8 7.36 
1976 12 28 61314.1 39.579 118.287 0.24 6 3.0 1.62 
1976 12 31 726 8.0 39.723 '118.342 1.82 4 3.2 1.95 

1976 11 18 101929.5 39.358 118.268 0.09 8 0.9 18.10 

1977 1 "8 17-2 0.0 39.099 118.116 0.54 14 2.2 9.55 
1977 1 1 4  1331 0.2 39.067 118.161 0.28 18 2.8 10.84 
1977 1 17 224856.4 39.138 118.065 0.25 9 2.2' 5.40 
1977 1 28 95251.6 39.087. 118.601 0.-47 13 2.1 
1977 1 2 8  115030.2 39.103 118.584 0.45 12 1.5 

0 

C 
C 
D 

C 

D 

D 
D 
D 
D 

D 
C 
C 
C 

C 

C 

D 

D 

c s  
D 
D 

D 
C 

1977 1 28 184305.7 39.108 118.585 0.44 13 1.8 
1977 1 2 9  11236.0 39.122 118.567 0.34 14 1.8 21.10 
1977 1 29 25401.6 39.109 118.583 0.15 8 1.4 13.60 
1977 2 8 194931.1 39.266 118.160 0.51 9 2.3 14.90 
1977 2 9 21224.8 39.401 118.443 0.06 9 0.7 11.00 



YEAR MO IBY HRMINSEC IAT UIN RMS NSTA MAG DEPIH Q 

1977 2 9 72409.7 39.149 118.080 0.24 13 3.5 16.40 
1977 2 9 83633.4 39.179 118.054 0.12 9 1.5 11.77 C 
1977 2 18 101946.2 39.354 118.112 0.35 9 15.00 
1977 3 17 14215.1 39.213 118.091 0.14 8 1.6 11.83 C 
1977 3 23 52427.2 39.128 118.158 0.12 8 1.6 6.39 D 

1977 3 25 152444.8 39.592 118.047 0.35 19 2.2 11.70 
1977 3 26 214640.6 39.033 118.405 0.06 8 2.1 15.07 C 
1977 4 4 12533.0 39.019 118.374 0.18 11 2.3 11.52 C 
1977 4 11 93244.9 39.450 118.146 0.30 11 1.9 20-20 
1977 4 12 90011.1 39.749 118.375 0.29 12 3.0 

1977 4 15 10 717.2 39.171 118.108 0.19 10 1.7 13-69 C 
1977 4 15 225559.4 39.202 118.143 0.13 10 1.7 10-35 C 
1977 4 28 64448.1 40.192 118.297 0.43 12 2.9 
1977 5 8 1531 2.9 39.088 118.191 0.14 11 1.8 10-32 C 
1977 5 10 6 524.7 39.095 118.073 0.18 15 2.2 7.95 C 

1977 5 10 85336.7 38.893 117.943 1.29 9 1.2 5.50 D 
1977 5 21 1233.7 39.108 118.053 0.12 13 1.7 13.52 C 
1977 5 28 50731.0 39.603 118.423 0.28 12 2.0 
1977 5 28 172717.7 39.280 118.021 0.46 11 2.0 
1977 6 25 170208.3 39.103 118.035 0.29 7 1.0 

1977 7 22 215331.3 39.144 118.109 0.20 11 2.5 3.26 D 
1977 8 2 51456.6 38.859 118.288 0.12 11 1.4 14.47 B 
1977 8 4 80622.2 39.332 118.453 0.18 6 
1977 8 4 112041.5 38.873 118.003 0.16 10 3.0 14.68 C 
1977 8 7 212824.9 39.087 118.157 0.16 12 2.2 11.94 C 

1977 8 10 111412.6 39.310 117.429 0.28 8 1.8 13.50 
1977 8 13 91052.6 39.066 118.105 0.09 7 0.9 11.46 C 
1977 8 17 60806.3 40.284 117.421 0.29 5 2.1 
1977 8 18 43326.9 39.123 118.071 0.10 7 0.7 13.07 C 
1977 9 27 84304.9 39.276 118.529 0.31 11 2.2 10.50 

1977 10 1 026 8.4 39.212 118.065 0.05 7 1.1 12.05 C 
1977 10 7 81331.0 39.230 118.088 0.10 7 1.7 0.23 D 
1977 10 10 84723.3 39.578 118.075 0.31 13 2.2 
1977 10 13 143435.8 39.470 118.505 0.36 12 1.7 15.80 
1977 10 15 154745.8 39.144 118.129 0.13 9 1.7 13.20 C 

1977 10 17 205110.3 38.962 118.531 0.45 11 1.7 8.30 
1977 10 18 2212.9 39.392 118.093 0.22 15 '2.7 9.50 
1977 10 24 235 0.8 38.860 117.981 0.07 5 1.9 13.94 C 
1977 10 25 1010 4.6 38.854 118.004 0.13 8 1.2 10.49 C 
1977 10 27 014 9.5 38.869 117.982 0.13 10 2.6 12.74 C 

1977 10 27 132922.1 38.864 117.979 0.00 5 2.0 15.83 C 
1977 10 28 18 616.6 38.866 117.986 0.15 10 1.9 13.77 C 
1977 10 29 04035.8 38.867 117.984 0.19 14 2.5 13.71 C 
1977 11 2 83021.4 38.866 117.984 0.17 9'0.9 13.79 C 
1977 11 2 11 011.0 39.049 118.196 0.11 10 2.0 12.97 C 

94. 



95. 

YEAREI0I)IAYHwIVIINSEC LAT LDN RMSNSTAMAG DEPEH Q 

1977 11 8 105235.4 39.111 118.116 0.00 4 1.4 8.68 C 
1977 11 9 11 134.3 38.986 118.192 0.13 8 1.8 8.24 C 
1977 1113 104752.7 38.861 118.001 0.12 7 1.7 11.78 C 
1977 11 27 85422.5 39.307 118.109 0.45 14 1.6 17.90 
1977 12 10 111652.5 38.859 117.993 0.09 7 1.7 13.73 C 

1977 12 24 2152 8.6 39.031 118.128 0.58 12 2.2 11.40 D 
1977 12 31 34311.7 38.899 117.984 0.12 9 3.1 12.41 C 
1977 12 31 35258.0 38.885 117.989 0.21 12 2.4 10.62 C 
1978 1 4 13430.5 39.604 118.076 0.35 7 1.7 
1978 1 8 113101.3 39.659 118.255 0.36 11 3.3 

1978 1 1 0  131336.1 38.909 117.988 0.07 7 2.2 13.30 C 
1978 1 1 2  152127.0 38.911 118.002 0.31 14 2.3 5.43 D 
1978 1 1 3  32910.8 39.382 117.577 0.29 9 2.2 
1978 1 1 3  33937.7 39.388 117.588 0.01 5 4.5 5.12 C 
1978 1 13 34608.9 39,379 117.562 0.32 10 2.3 

1978 1 13 40431.7 39.375 117.571 0.14 8 2.1 
1978 1 1 3  42449.6 39.380 117.551 0.10 6 2.3 
1978 1 1 3  51858.1 39.378 117.576 0.17 9 2.3 
1978 1 1 3  53011.2 39.377 117.584 0.30 10 3.6 
1978 1 13 63322.9 39.367 117.577 0.33 6 2.1 

1978 1 13 
1978' 1 21 
1978' ' 1 24 
1978, 1 28 
1978, 1 28 

1978 1 30 
1978 2 15 
1978 2 18 
1978 2 18 
1978 3 5 

72018.5 
19 014.1 
224526.2 
163115.5 
181340.7 

191436.9 
92531.9 
155848.8 
215141.8 
224619.1 

39.382 
38.891 
39.101 
38.849 
38.987 

38.875 
39.552 
39.672 

38,867 
38.869 

117.571 
118.011 
118.087 
118.002 
118.189 

117.994 
118.442 
118.280 
117.989 
117.993 

0.27 16 2.7 11.90 
0.07 6 2.0 10.52 C 
0.11 10 3.3 7.87 C 
0.01 5 1.8 9.76 C 
0.31 12 2.0 

0.22 10 
0.30 10 4.0 12.00 
0.28 14 2.8 12.40 
0.18 11 2.4 13.44 C 
0.00 4 4.4 13.07 C 

1978 
1978 
1978 
1978 
1978 

1978 
1978 
1978 
1978 
1978 

3 5 225320.8 
3 5 23 123.0 
3 6 22929.4 
3 6 110605.6 
3 8 223016.8 

3 8 223616.5 
3 9 83548.7 
3 10 5 415.8 
3 11 04245.5 
3 12 224850.8 

38.811 118.115 
38.830 118.064 
38.804 118.128 
39.380 117.556 
38.856 117.993 

38.856 117.993 
38.867 117.974 
38.872 117.982 
38.862 117.990 
38.868 117.968 

0.05 5 2.0 6.82 C 
0.05 4 2.6 8.87 C 
0.04 5 2.2 5.24 C 
0.26 7 2.0 
0.19 9 1.8 10.10 

0.11 9 1.9 12.55 C 
0.28 13 2.5 14.91 C 

0.19 11 2.0 14.47 C 
0.31 9 2.3 9.50 

0.15 13 2.0 14.32 B 

1978 3 15 6 954.7 38.855 117.995 0.12 7 1.9 11.82 C 
1978 3 19 12322.8 39.401 117.725 0.20 8 2.2 
1978 4 07 210430.5 39.111 118.061 0.21 18 2.2 11.00 
1978 4 24 14 621.5 38.863 117,969 0.03 5 1.5 16.48 C 
1978 5 9 33937.5 39.728 118.510 0.37 12 2.0 



YEAR Mo JXY 

1978 5 13 
1978 5 14 
1978 5 15 
1978 5 23 
1978 6 13 

0.20 10 2.7 9.65 D 
0.23 16 2.7 
0.30 9 2.3 
0.04 7 2.1 10.55 C 
0.40 10 2.3 

6 529.5 
60529.7 
113440.1 
19 452.4 
193517.1 

39.386 
39.386 
39.649 
38.869 
39.744 

39.392 
38 . 857 
39.116 
39.070 
39.044 

117.993 
118.019 
118.054 
117.989 
118.062 

1978 6 29 
1978 7 2 
1978 7 22 
1978 8 5 
1978 8 6 

144239.5 
1411 2.4 
412 2.1 
23319.1 
102919.8 

117.583 
117 . 977 
118.070 
118.099 
118.113 

0.32 9 2.3 
0.03 6 0.9 14.81 B 
0.14 7 1.8 10.57 D 
0.25 11 2.0 9.40 C 
0.15 8 0.7 11.13 C 

0.11 8 1.4 3.43 C 
0.21 11 1.8 18.30 
0.30 11 2.9 5.00 
0.09 8 2.0 5.64 D 
0.16 9 2.1 12.16 C 

1978 8 10 
1978 8 12 
1978 8 12 
1978 8 13 
1978 8 13 

544 4.0 39.238 118.064 
103028.2 39.412 117.705 
115751.9 39.428 118.119 
124945.2 39.376 118.087 
143932.1 39.159 118.067 

1978 8 14 
1978 8 15 
1978 9 5 
1978 9 5 
1978 9 6 

123515.1 39.201 118.148 
184852.1 39.168 118.066 
222850.5 39.041 118.169 
223152.0 39.032 118.149 
1 531.2 39.028 118.123 

0.01 5 1.0 2.57 C 
0.22 9 1.9 9.78 D 
0.12 10 3.4 5.43 c 
0.56 10 2.3 11.06 D 
0.14 7 1.5 10'45 D 

153240.7 39.126 118.070 
153930.0 39.116 118.057 
225046.6 38.894 117.687 
22658.9 39.369 117.525 
1 252.4 39.115 118.117 

0.04 9 1.2 13r10 C 

0.20 7 2.3 0.61 D 
0.24 16 3.2 10.90 

0.08 6 0.9 12432 C 

0.17 9 2.0 10608 C 

19713 9 8 
1978 9 8 
1978 9 12 
1978 9 26 
1978 10 14 

1978 10 24 
1978 11 7 
1978 12 1 
1978 12 15 
1979 1 3 

1945 3.4 39.075 118.075 
235410.3 38.881 117.862 
19 652.0 38.909 117.798 
19 19.2 38.882 117.859 
154638.0 38.900 117.549 

0.13 10 2.3 10.20 C 
0.21 9 2.5 0.46 D 
0.11 6 2.0 0.42 D 
0.27 9 2.4 1.38 D 
0.24 12 2.8 15.17 C 

1979 1 10 
1979 1 23 
1979 2 15 
1979 3 6 
1979 3 15 

185712.7 39.363 118.086 
0 039.3 39.651 118.464 
93547.3 39.030 118.172 
131117.5 38.864 117.997 
16 041.0 39.073 118.139 

0.21 12 2.8 8.67 C 
0.47 14 3.0 10.54 D 
0.13 7 2.3 5.48 C 

0.25 9 2.5 8.72 D 
0.14 9 2.7 10.49 C 

1979 3 18 
1979 3 18 
1979 3 20 
1979 3 25 
1979 4 7 

64523.3 39.109 118.094 
65913.5 39.116 118.086 
234842.4 38.879 117.871 
124243.6 39.196 118.051 
43449.5 39.062 118.093 

0.13 7 8.94 D 
0.12 8 7.74 c 
0.14 7 2.0 0.58 D 
0.13 7 1.7 7.52 D 
0.11 9 2.3 10.29 C 

1979 5 01 
1979 5 01 
1979, 5 17 
1979 5 22 
1979 5 25 

114602.8 39.304 118.139 
140026.2 39.314 118.144 
141234.1 39.079 118.090 
05220.0 39.023 118.220 
17 9 2.1 39.000 118.210 

0.34 10 2.8 
0.32 6 2.2 
0.16 6 1.6 6.23 D 
0.09 10 2.9 9.98 B 
0.14 14 2.1 7.83 B 



97. 

1979 6 11 93254.3 39.103 118.093 0.18 9 1.6 12.07 C 
1979 6 30 105852.2 39.328 118.058 0.21 12 2.8 10.29 C 
1979 7 21 43149.9 39.603 118.095 0.18 9 2.5 13.66 C 
1979 7 21 45431.3 39.597 118.080 0.28 8 1.6 15.03 D 
1979 7 26 45717.9 39.595 118.113 0.26 7 2.2 11.47 D 

1979 7 26 
1979 7 26 
1979 7 26 
1979 7 26 
1979 7 26 

1979 7 26 
1979 8 1 
1979 8 02 
1979 8 24 
1979 9 16 

51527 1 
85822 8 
92326.1 
103857 . 9 
104811.2 

1052 5.6 
811 5.7 
035847 6 
41027.5 
52053.9 

1979 9 29 53751.0 

1979:lO 10 162311.0 
1979 IO 23 142025.8 
1979’10 26 93557.3 

1979 11 1 17 727.3 
1979‘11 3 15 4 2.4 
1979’11 6 52543.2 
1979 11 8 94332.0 
1980 1 18 213241.4 

1979 10 10 53729.4 

39 . 589 
39.593 
39.601 
39 . 592 
39 . 618 
39.601 
39.086 
40.193 
38.890 
40.310 

39.354 
39.086 
39.101 
39 . 120 
39.111 

39.013 
39.634 
39.084 
39.930 
40.133 

118.111 0.29 7 2.9 12.36 D 
118.098 0.28 7 2.6 12.30 D 
118.070 0.28 9 3.1 3.38 D 
118.074 0.01 6 4.2 8.52 C 
118.168 0.43 8 2.6 11.88 D 

118.114 0.15 8 3.2 8.67 C 
118.1% 0.01 6 2.1 11.31 C 
117.777 0.36 8 1.9 
118.003 0.15 7 2.4 10.98 C 
117.626 1.75 10 2.2 

118.112 0.09 9 2.7 2.90 C 
118.084 0.09 6 1.6 9.36 C 

118.605 0.08 10 1.8 15.10 C 
118.591 0.15 12 2.2 18.15 B 

118.111 0.08 7 2.4 4.45 C 

118.241 0.00 4 1.5 9.58 C 
118.392 0.14 8 2.8 13.09 D 
118.334 0.14 11 3.0 15.27 C 
117.799 0.63 6 2.3 
117.898 0.02 5 0.6 7.44 C 

1980 1 22 143927.6 39.316 117.781 0.08 8 1.0 2b.25 C 
1980 1 2 4  85747.6 39.011 118.078 0.07 7 0.9 11.89 C 
1980 1 25 53343.6 39.694 118.483 0.12 6 1.0 0.52 D 

1980 126 05239.3 39.571 118.179 0.07 7 0.2 12.99 C 
1980 1 2 5  111459.2 39.131 118.113 0.04 7 2.7 16.61 C 

1980 
1980 
1980 
1980 

t 1980 

1980 
1980 
1980 
1980 
1980 

1980 
1980 
1980 
1980 
1980 

1 26 05259.5 39.576 118.189 0.04 6 0.3 ,12.69 C 
1 2 7  55913.8 39.570 118.064 0.04 8 1.2 13.40 C 

1 2 9  231340.0 39.092 118.182 0.00 4 1.4 13.16 C 
2 4 4 023.7 39.344 118.091 0.03 7 1.6 11.40 C 

129 55532.5 39.306 118.079 0.10 6 1.0 18.53 C 

2 4 2027 2.3 39.061 118.060 0.07 8 1.0 14.83 C 
2 5 14117.3 39.151 118.036 0.06 6 0.4 19.19 C 
2 5 45150.2 39.131 118.119 0.07 9 2.5 18.10 C 
2 5 1942 7.9 39.157 118.078 0.10 7 1.3 19.62 C 
2 9 91529.3 39.251 118.132 0.02 5 0.9 17.97 C 

2 10 45633.3 39.624 118.044 0.08 10 1.4 11.77 B 
2 10 20 146.1 39.310 117.321 0.12 7 1.5 8.64 D 
2 11 115253.0 39.676 118.011 0.00 4 0.1 15.83 C 
2 12 225820.7 39.709 118.023 0.14 12 2.8 9.19 B 
2 12 22 834.4 39.707 118.031 0.09 6 0.5 11.43 B 
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1980 2 14 102549.3 
1980 2 15 9 1 8.2 
1980 2 16 131239.0 
1980 2 17 111557.7 
1980 2 27 6 852.4 

1980 2 27 62636.5 
1980 2 27 195225.5 
1980 2 27 211941.4 
1980 2 28 123035.9 
1980 3 1 1612 4.7 

1980 3 5 83621.8 
1980 3 13 22 358.1 
1980 3 15 , 31617.5 
1980 3 15 548 5.8 
1980 3 17 84231.7 

1980 3 26 
1980 3 26 
1980 3 29 
1980 3 30 
1980 3 31 

1980 4 8 
1980 4 15 
1980 4 15 
1980 4 17 
1980 4 19 

1980 4 29 
1980 5 5 
1980 5 6 
1980 5 12 
1980 5 15 

1980 5 19 
1980 5 19 
1980 6 22 
1980 6 23 
1980 6 25 

1980 6 30 
1980 7 1 
1980 7 2 
1980 7 4 
1980 7 5 

1980 7 11 
1980 7 13 
1980 7 13 
1980 7 25 
1980 7 28 

IAT 

39.732 
39.141 
39.542 
40.124 
39.566 

39.319 
39.044 
39.590 
39.723 
39.513 

39.051 
39.706 
39.704 
39.716 
39.309 

118.067 0.05 6 0.9 10.60 B 
118.197 0.10 8 1.9 5.99 D 
118.202 0.02 6 0.7 5.46 C 
117.897 0.06 8 1.0 8.29 C 
118.101 0.06 5 0.4 12.98 D 

118.104 0.04 6 1.0 20.21 C 
118.109 0.01 5 1.4 10.66 C 
118.111 0.06 6 0.4 12.79 C 
118.077 0.08 6 0.3 9.47 C 
118.055 0.00 4 0.7 10.15 C 

118.103 0.03 7 14.16 C 
118.024 0.04 7 1.3 10.27 B 
118.069 0.09 7 0.8 11.54 B 
118.080 0.06 7 0.6 13.09 B 
118.107 0.01 6 15.48 C 

1154 1.7 39.380 118.134 0.10 7 1.0 16.76 C 
175057.4 40.296 118.324 0.10 6 0.8 6.39 D 
1955 3.6 39.228 118.121 0.09 7 1.0 22.65 C 
11710.9 39.348 118.076 0.13 7 1.4 15.15 C 
12316.1 40.166 118.494 0.18 6 0.98 D 

1345 5.9 39.736 118.001 0.08 8 0.7 7.62 B 
54452.6 39.729 118.072 0.03 6 0.8 9.08 B 
152454.0 39.732 117.979 0.10 6 0.6 10.27 B 
213336.0 39.940 117.749 0.20 6 0.3 0.08 C 
155547.9 40.262 117.768 0.11 6 0.8 7.62 D 

13641.3 39.961 117.873 0.13 7 0.2 0.17 C 
214624.3 40.146 118.318 0.22 6 0.7 3.02 D 
224840.4 39.197 118.122 0.13 7 1.2 0.96 D 
192713.4 39.311 118.142 0.14 8 1.0 11.48 C 
524 3.2 39.571 118.214 0.03 7 1.0 9.68 C 

132710.1 39.857 118.121 0.11 7 0.3 8.40 C 
18 6 0.3 39.150 118.071 0.21 12 3.2 8.42 C 
223645.5 39.716 118.076 0.08 8 0.4 7.94 B 
19 456.0 39.557 117.390 0.08 10 2.4 4.28 D 
32846.2 39.141 118.059 0.04 6 1.4 0.03 C 

104732.1 39.592 118.096 0.05 7 0.9 13.48 C 
202752.0 39.617 118.115 0.22 9 1.5 10.34 B 
92355.5 39.753 117.852 0.06 6 0.2 5.23 C 
4 1 1.7 39.751 117.851 0.10 7 0.3 5.50 C 
5 8 1.8 39.908 117.854 0.22 7 0.1 4.98 C 

05856.5 39.405 118.534 0.08 8 1.5 0.73 D 
04539.3 39.931 117.774 0.04 7 0.3 7.20 B 
22 350.9 39.713 117.837 0.12 5 0.2 8.86 D 
124038.0 39.892 117.676 0.02 6 0.6 10.52 C 
132229.5 39.187 118.086 0.13 8 3.1 
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1980 8 2 214427.1 39.033 118.059 0.14 7 1.6 9.73 C 
1980 8 13 94111.5 39.462 118.496 0.08 8 1.8 12.23 C 
1980 8 21 23 258.5 39.686 118.326 0.19 7 2.4 0.77 D 
1980 9 1 145430.6 39.287 118.096 0.04 6 2.4 7.76 C 
1980 9 3 152619.7 39.037 118.202 0.10 6 2.1 12.86 C 

1980 9 6 15 932.3 39.706 118.021 0.05 7 0.3 8.59 B 
1980 9 11 21618.1 39.702 118.021 0.05 9 0.6 14.43 B 
1980 9 18 64032.3 40.413 117.754 0.14 9 1.5 2.91 D 
1980 9 26 6 750.2 39.471 118.133 0.06 9 3.2 11.84 B 
1980 9 26 203827.0 39.668 118.094 0.04 7 1.2 10.29 B 

1980 9 27 1155 8.9 39.677 118.093 0,07 8 1.2 6.53 B 
1980 9 27 212145.4 39.672 118.097 0.06 7 1.5 10.15 B 
1980 -9 27 2123 8.4 39.670 118.101 0.05 6 0.3 12.36 B 
1980 9 27 214110.5 39.672 118.097 0.04 8 1.1 10.24 B 
1980 9 27 214611.5 39.675 118.096 0.04 7 1.5 8.84 B 

1980 10 04 032042.4 39.038 118.123 0.14 7 1.9 12.00 
1980 10 8 102523.7 39.640 117.532 0.19 5 0.7 0.65 D 
1980 10 B 1210 5.6 39.720 118.078 0.06 6 0.3 8.54 B 
1980 10 16 170200.0 39.071 118.162 0.16 10 1.9 11.00 
1980 10 24 64054.8 40.194 117.766 0.22 8 1.5 2.01 D 

1980 10 30 165537.9 39.032 118.184 0.27 6 1.6 12.00 
1980 11 04 004303.9 39.210 118.106 0.18 7 1.0 12.00 
1980 11 7 42333.5 39.766 118.167 0.02 5 1.5 10.69 C 
1980 1111 2 536.0 39.769 118.178 0.14 5 1.3 9.66 D 
1980 11 18 185006.7 39.229 118.125 0.18 9 2.7 

1980 11 27 7 411.8 39.705 118.506 0.12 7 1.4 2.16 D 
1981 1 4 73658.1 39.729 118.067 0.05 6 0.9 8.82 B 
1981 1 24 211629.0 39.355 118.130 0.06 8 1.4 15.04 B 
1981 2 1 1748 4.4 40.257 117.704 0.17 10 1.1 0.65 D 
1981 2 3 61753.4 39.685 118.046 0.05 9 1.4 11.23 B 

1981 3 18 75626.6 39.511 117.494 0.13 7 1.1 17.18 D 
1981 4 16 72125.6 39.592 118.092 0.09 9 2.8 11.46 B 
1981 4 17 131555.3 39.588 118.093 0.08 8 1.5 10.38 B 

1981 8 1 21140.1 39,684 118.067 0.10 6 1.0 3.54 C 

1981 8 22 184214.4 39.729 118.073 0.08 6 0.8 7.54 B 

1981 4 25 4 950.9 39.989 117.690 0.02 7 1.6 6.90 B 

1981 8 31 221644.6 39.563 118.094 0.03 5 0.8 14.32 C 

1981 9 17 43925.1 39.518 118.166 0.06 5 0.6 0.44 D 
1981 10 13 13910.5 39.417 118.115 0.04 7 1.5 15.09 B 

1981 9 16 165042.3 38.859 118.132 0.08 6 1.9 1.46 C 

1981 io 16 141731.0 9.418 117.743 0.06 9 2.0 15.92 C 
198110 22 33154.1 39.312 118.128 0.07 8 1.8 9.99 C 
198110 27 22 552.0 39.496 118.075 0.02 6 1.3 7.80 C 

198110 30 173858.9 39.709 118.050 0.08 7 1.5 7.57 B 
1981 10 28 14 025.0 39.419 117.748 0.06 9 1.8 16.15 C 
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Inthis section, terms that my be unclear to non-seismlogists are 
These terms include magnitude, recurrence curves and 

Maqnitude. For the period prior to 1969, magnitudes were taken fran 
Slermwms et al  (1965) . As indicated by the authors, those mgnitudes were taken 
fran a n m k r  of s 0 w c e S r  including the university of California wllletin of the 
Seisnqra@& Stations, -e lists fran the California Institute of 
Technology, and amplitudes msured an reardings of the W i d x r t  seismograph a t  
-8 Nevada. For earthqudkes prior to 1916, magnitudes were e s th t ed  from the 
extent of the felt area or from the mximum intensity at  the epicenter. For the 
period 1970-1975, mgnitudes were detennhed primarily from anplitudes measured 
on a Wood-Anderson seisnqram a t  -8 a l m  University of California or Us 
Coast and Geodetic Survey mgnitudes were used for larger events. For 1976-1981 
mst of the magnitudes were detennined fran measurements of arrplitude or coda 
duration on recordings of the Nevada seismic network. 

In this report8 the syn&l M is used primarily in  discussing earthquakes 
for the period prior to 19708 and ML is used to designate "local magnitude" for 
the period then mgnitude could be determined fran instruments i n  the Nevada 
region. In general, h u v e v f x 8  M or are both referenced to Richter's (1958) 
local mgnitude scale up to magnitudes of about 6-6.5; for larger events 
magnitude M usually refers to teleseisdc surface-knve mgnitude, determined 
fran the amplitude of surface wves with period of about 20 seconds. 

Recurrence Curves. The formla mst widely used for representing the 
frequency of occurrence of earthqudkes as a function of magnitude is the 
follawing (Richter, 1958): 

explained in sane detail. 
focal mechani snrj. 

. ,+ + 

log N = a - k f 4 8  

where lq = the n-r of events with magnitude equal to or greater than 11, and a 
ard b are constants. This equation has been applied to hundreds of e a r t h w e  
sequences throughout the world, w i t h  magnitudes ranging from less than zero to 
mre than 8. The constant b, or "b-value", represents the slope of the 
recurrence curve, andhas been found to vary franabout 0.5 to 1.51 w i t h  an 
average value of about 0.9. 'Ihe b-value is related to the proportion of -1 
earUqmkes to large earthquakes, and appears to be relatively constant for a 
given 

Relatively high b-values have been fourd to acoaTpany swarmlike sequences 
of microfracturing i n  laboratory experiments on rock samples (Mogi, 1966; 
Scholz, 1968). Mogi shuwed thatb increases w i t h  the degree of heterogeneity of 
the rodk both in cmpositicn and in crack density, while Scholz cwmcluded tha tb  
depended strongly on the state of stress i n  the specimen and only to a lesser 
extent an its physical properties. -12 shaved that b is inversely 
PrOpOrtiOnal to the effective stress8 and that hi@ b-values are &served for 
law-to-rrpderate stress. In a later study8 Wyss (1973) concluded that b is 
directly proportional to the local pore pressure; the Denver ear tkpkes that 
were triggered by injection of waste fluids slnved a strang correlation between 
b-value and pressure i n  the disposal well (Mealy et al. 8 1968) Hi* b-values 

e sequence over a wide range of magnitude. 
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have also been associated with aftershock sequences and lmb-values with 
foreshock sequences (ie, Ryall and -1, 1981). 

Values of b previouSly determined for this region include 0.79 for the 
Ventura-Winnemcca m e  (wall et al, 19661, 0.81 for an earthquake sequence 
near Reno (-11 et al, 19681, 0.79 for the 1968 Adel, Oregon smrm (-1 and 
Savage, 19691, 0.83 for the 1965-1966 Caliente, Nevada sequence (-1 and 
Savage, 1969), and 0.81 for the northern Nevada region (-11 and Rxlglas, 
1974) . Richins' (1974) value of 1.00 for the 1973 Ilenio, Nevada swum was 
higher than average values for the region as a *le, and was interpreted i n  
terms of structural hetemgeniety and hi* pore pressure. 

The direction of fault mvemnt in an earthquake can be 
inferred fran various types of analysis of the seismicmves reaxdedby 
stations around the epicenter, at  local, r e g i d  and teleseismic distances. 
The method used i n  this report is the "fault-plane" of Byerly, which 
stems fran the observation that the sense of first &on of P-waves 
(conpression or dilatation) can be divided into a quadrant pattern, where the 
quadrants, say on an haginary sphere around the focus of the earthqttake ("focal 
sphere"), are separated by twb nodal planes. One of these is the fault plane, 
and the other is.a plane perpendicular to the fault plane, called the "auxiliary 
plane" The fault-plane mthod has .an essential a&iguity in that 
it cam& distinguish between the fault and auxiliary planes, but this 
distinction can-often be dcrtained franknown geologic or structural parameters. 
In general, the-fault plane m y  have any orientation, so observations made on 
the earth's surface must be projected onto the focal sphere by accounting for 
reflection and refraction of the waves as well as geametrical spreading, and 
then the three-dimensional pattern must be resolved usingastereographic 
projection, such as the equal-area projection used i n  this report. 

An exanple is sham on Figure C2. The txm lines represent the 
intersection, on a lwer-hemisphere projection (ie, an imaginaryhemisphere 
bekw the focus of the ea-e), of planes passing the center of the 
sphere (the focus). me two planes are ortbgonal, and separate quadrants i n  
which incident P-waves appear as either canpressions or dilatations. One plane 
has an mst E+ strike and dips steeply to the north: the other strikes NE- 
and dips SE. The sense of mtion is either left-oblique on the E-W plane (ie, 
northern block mrVing W and dam), or rightdlique on the NE plane (suutheast 
block moving to the SW and dam). lkae fault-plane solutions on Figure 29 of 
this report have the ccmpression quadrants shaded, instead of showing individual 
observations by dots or circles,as on Figure C2.. On Figure 29, solutim E W d  
be intrepreted as pure nom1 faulting, either with the northwest block ming  
dcrwn on a NE- striking, Nw-dipping fault, or With the southeast block moVing 
dawn on NE* striking, SEdipping fault. Solutims J and I tnlDuld be almost 
pure strike-slipmotion, either right-lateral on a NE- striking vertical 
plane, or left-lateral on a NW-SE striking plane, dipping steeply to the NE for 
soluticn I and to the SW for J. 

- Focal -Mechanisms. 

(Figure - C1) . 
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I 
I 
I 
I T-axis 

8 P-axis 

Figure C1. Pair of forcemuples at right angles, equivalent to l ~ x h n m  and 
m i n i m m  canpressive stress (respectively called the P- and T-axes) at ri*t an- 
gles to each other and oblique to the force couples. The dashed lines are the 
fault and auxiliary planes, which are indistinguishable on the basis of P-wave 
first mtions. For this model, axpressions would be observed in quadrants w i t h  
outwardpointing arrcxnls and dilatations in quadrants w i t h  inward-pointing ar- 
m. 

W E 

S 
Figure C2. Exanp?le of a faultplane solution, using an equal-area 
projection. m s  -- canpressionst circles -- dilatations. Lines 
intersection of the fault and auxiliary planes With the surface of 
belm the earthquake focus. 

stereographic 
represent the 
a hemisphere 
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