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PREFACE 

Lamar-Merifield, Geologists (formerly California Earth Science 

Corporation) has had contracts from the U.S. Geological Survey, Office 

of Earthquake Studies, to monitor water levels along the San Andreas 

and San Jacinto faults in southern California since September 1976. 

The first two years of research were accomplished under Contract No. 

14-08-0001-15881, and the results were reported in Merifield and 

Lamar (1978) and Lamar and Merifield (1978). Work during Fiscal Year 

1979 was accomplished under Contract No. 14-08-0001-17680 and was 

described in Lamar and Merifield (1979). To avoid repetition, much 

of the background and other data included in the final reports for 

Contract Nos. 14-08-0001-15881 (Merifield and Lamar, 1978) and 14-08-

0001-17680 (Lamar and Merifield, 1979) has been omitted from this report. 

Location maps and charts describing the observation wells and precipi-

tation stations have been updated to reflect the current status of 

the program. 
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ABSTRACT 

Beginning in October 1976, a program of water-level monitoring of 

abandoned water wells was initiated in the Palmdale area with the purpose 

of identifying possible water-level changes premonitory to a major earth-

quake on the San Andreas fault. In October 1977, the program was extended 

southeastward along the rift zone to the Valyermo area. In November 1977, 

the monitoring of water wells along the San Jacinto fault was initiated 

with the expectation of experiencing a moderate size earthquake while moni-

toring was in progress. Currently over thirty wells are being monitored. 

Eleven wells are monitored continuously with Stevens Type F recorders, two 

of which have been modified to operate with the Caltech Remote Observatory 

Support Systems (TIMS). The remaining wells are probed weekly, or in some 

cases semi-weekly or daily, by volunteers. We are endeavoring to improve 

the volunteer program by increasing the frequency of measurements and sim-

plifying the procedure to minimize measurement errors. 

Weekly water-level data are displayed on computer-generated hydrographs 

for each well. Rainfall and earthquakes are plotted on the graphs for direct 

comparison with water levels. The hydrographs are updated and reviewed 

weekly. Weekly hydrographs are also prepared from recorder charts on two 

wells maintained by W. R. Moyle, Jr., of the U.S. Geological Survey, Water 

Resources Division Office, Laguna Niguel, California. 

A M5.5 earthquake occurred on 25 February 1980, between the Buck Ridge 

and San Jacinto strands of the San Jacinto fault zone, about 8 miles east-

southeast of Anza. This is the largest earthquake which has occurred on 

the faults within our monitoring network. The Stevens recorder chart for 

well number 11S/6E-3N4 located in Borrego Valley about 20 miles southeast 

of the epicenter indicates that, during a period of about four hours on 

21 February, the water level rose 1.5 to 1.6 feet and returned to its 

prior level. This is one of the most remarkable short-term water-level 

fluctuations observed during our monitoring program; it occurred about 

88 hours prior to the earthquake. This well has been monitored since 

October 1977 and has had a Stevens recorder since October 1978. Long-term 

water levels have been remarkably steady compared to those in other wells 

we are monitoring. This well shows a strong response to earth tides. 

The Stevens record on a second well in Borrego Valley (11S/6E-1C1) showed 

a much smaller (0.1 foot) spike in water level at the same time as the 
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spike in well number 11S/6E-3N4. Other continuously recording wells in 

Anza and Ocotillo Wells showed no identifiable water-level anomalies. 

The two wells in Borrego Valley which showed possible strain-induced water-

level spikes appear to be more sensitive to earth tides than wells in the 

same area which did not show spikes in water level. We cannot conceive 

of any nontectonic cause for the spike on the Stevens record of well 11S/6E-

3N4. A creep event on the Coyote Creek fault about four miles from the 

well is one possibility. Because the spikes in the two wells in Borrego 

Valley are unique for the long-term record of these wells, they may repre-

sent precursors to the 25 February earthquake. Local seismic activity was 

also recorded in water levels of the two wells in Borrego Springs with 

continuous water-level recorders. One well showed peculiar high frequency 

water-level fluctuations from 22 July to 21 August 1980; since then the 

record has appeared normal. 

Several wells in the Palmdale-Valyermo area have shown peculiar changes 

in water level within the past year or so. The long-term hydrograph of 

well number 5N/12W-4H1 shows the most unusual behavior. The well showed 

no response to the 1977 and very heavy 1978 rainstorms, yet began to rise 

in early 1979 and continued to rise through the dry season of 1979. By 

comparison, most wells show a more normal seasonal response to rainfall. 

Eight wells in the Palmdale-Valyermo area have shown water-level changes 

which are different than would have been predicted from the previous history 

of water-level changes and seasonal rainfall. A longer period of observa-

tion is required to determine whether the changes are anomalous. Changes 

in the strain pattern and other geophysical phenomena have also been observed 

in southern California during about the same period as the water-level 

changes. If the water-level changes are the result of tectonic strain, the 

mechanism and significance are unknown. However, it is interesting that 

five of the eight wells with possibly anomalous water-level changes have 

been identified as good strain meters based on their response to earth tides. 

Six wells showing an unexpected rise in water level are located west of the 

earthquake swarm which occurred in 1976-1977 (McNally et al, 1978), whereas 

the two which show water levels lower than would have been predicted are 

located east of the earthquake swarm. 
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that the drum turned abruptly as might result from a jolt. Fig. 54 

shows the response of -1C1 to the same event as well as high frequency 

fluctuations 4 days before and within a week or so after. An M2.1 event 

occurred 4 miles northeast of well -3N4 on April 14 at 1046 GMT (1746 PDT). 

The times agree within the accuracy of the Stevens recorder, and we con-

clude that a causal relationship exists. 

Figs. 55-59 show spikes of variable size and frequency recorded on 

well -1C1 from April to late August. Particularly prominent spikes 

occurred on 3 June (Fig. 56) and 6 July (Fig. 57) 1980. These do not 

correlate with the earthquakes shown on Plate 1, but it will be necessary 

to study the seismograms from the Coyote Mountain station in order to 

establish if they are small, local events. The frequency of the spikes 

increased significantly on 22 July 1980 (Fig. 57). This period of high-

frequency fluctuations continued until 21 August 1980, after which the 

record has appeared normal (Figs. 58 and 59). It is likely that the well-

aquifer system was acting like a sensitive seismograph, recording earth-

quakes of extremely local origin. A Stevens recorder has been installed 

on well 10S/6E-36Q1 about one-quarter mile away in an attempt to record 

similar activity in the future. 

SUITABILITY OF WELLS AS STRAIN METERS 

Observation wells utilized under this program are abandoned water 

wells identified as a result of a field search. Almost no data on the 

nature of the rocks penetrated and perforations are available. However, 

pertinent well characteristics can be determined from the response of 

water levels in the wells to seasonal rainfall, individual rainstorms, 

atmospheric pressure and earth tides. As outlined in the above discussion 

of the M5.5, 25 February 1980 earthquake near Anza, it is believed that 

wells which show the greatest response to tides and the least response 

to other influences are the best detectors of short-term strain events. 

Water levels in most of our observation wells have been sufficiently 

monitored on short-term (Stevens recorder) and long-term (long-term hydro-

graph) bases to determine their response characteristics and thus their 

suitability as strain meters. 

Our water-level monitoring program has been discussed with John 
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Fig. 54 - Stevens water-level recorder chart for well number 11S/6E-1C1, 
Borrego Valley, for period March 29-April 24, 1980. 
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Fig. 56 - Stevens water-level recorder chart for well number 11S/6E-1C1, 
Borrego Valley, for period May 26-June 23, 1980. 



POSSIBLY ANOMALOUS LONG-TERM WATER-LEVEL CHANGES 
IN AREA OF SOUTHERN CALIFORNIA UPLIFT 

As noted in the preceding section on "Long-Term Water-Level Changes", 

several wells in the area of the southern California uplift (Castle et al, 

1976) between Palmdale and Valyermo have shown peculiar changes in water 

level within the past year or so. The solid lines in Fig. 60 are the hydro-

graphs (Figs. 22-25, 27, 28, 32, 33) for the eight wells in the Palmdale-

Valyermo area which show water-level changes since early 1979 different from 

what would have been predicted based on the previous history of water-level 

changes and seasonal rainfall. The dashed lines represent the hydrograph 

which would have been predicted. 

In early 1979 water levels on the bottom six hydrographs on Fig. 60 

rose more than would have been predicted based on seasonal rainfall varia-

tions and the long-term hydrographs. Water levels in wells 5N/12W-4J2 and 

-4J4 returned to the expected trend in early 1980. Levels in well 5N/10W-

30L1 also dropped in early 1980 but did not return to "normal". The rate 

of water-level rise in well 5N/12W-4H1 decreased in late 1979. Levels in 

wells 5N/12W-3N1 and 5N/11W-24G1 have remained anomalously high and have 

not returned to the expected trend. Levels in wells 4N/10W-10Q1 and 4N/9W-

16L1 dropped or remained steady in early 1979 when a rise during the rainy 

season would have been expected; levels in these two wells have not returned 

to "normal". 

Shapiro et al (1980) have reported anomalous radon counts in two wells 

along the frontal fault system of the Transverse Ranges in southern California 

which occurred during the last half of 1979. The radon anomalies began a 

few months after initiation of the anomalous water-level changes illustrated 

on Fig. 60, and both began at about the same time as the reported changes 

in strain pattern from compression to expansion along the San Andreas fault 

in the same area (Kerr, 1980; Shapiro et al, 1980). Complete details on the 

nature and timing of these and other geophysical anomalies summarized by 

Shapiro et al (1980) have not been formally released, thus it is difficult 

to make direct comparisons between our observations and those of other 

investigators. According to Shapiro et al (1980), the radon and other 

anomalies ended in early 1980. Thus, if the water-level anomalies are 

related to the other geophysical anomalies, the water levels illustrated 
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Fig. 60 - Comparison of actual (solid lines) and predicted (dashed lines) 
water-level changes in observation wells, Palmdale-Valyermo area. 
See Figs. 22-25, 27, 28, 32 and 33 for complete hydrographs and scales. 
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on Fig. 60 should have returned to "normal" in early 1980. As summarized 

above, this has definitely occurred in only two wells (5N/12W-4J2 and -4J4); 

two other wells have shown some return to normal (5N/12W-4H1 and 5N/10W-

30L1). Levels in the other four wells have remained anomalous throughout 

the current reporting period. 

Thus, while possibly anomalous water levels in some wells appear to 

be consistent with changes in the crustal strain pattern in late 1979, those 

in other wells do not. Moreover, a longer period of observation is required 

to determine whether the changes are indeed anomalous. They may result from 

a delayed response to seasonal rainfall following a long drought, or may be 

due to other variations in surface or subsurface flow. It is interesting 

that five of the eight wells with possibly anomalous water-level changes have 

been identified as good strain meters based on their response to earth tides 

(Table 5). The response to earth tides of well 5N/12W-4J2 is unknown, and 

wells 5N/10W-30L1 and 4N/10W-10Q1 show poor response to earth tides. The 

six wells which show an unexpected rise in water level are located west of 

the earthquake swarm that occurred in 1976-1977 (McNally et al, 1978), whereas 

those which show water levels lower than would have been predicted are located 

east of the earthquake swarm. 

CURRENT ACTIVITIES AND FUTURE PLANS 

An effort has been made during the current contract period to increase 

the reliability of measurements and to identify wells that appear to be good 

strain meters and are least affected by rainfall. Toward these ends, additional 

mechanical digital gauges were fabricated to simplify measurements by volunteers. 

After nearly three years of endeavoring to develop a continuous recording device 

that would fit entirely into the well casing and thus be essentially vandal-

proof, this effort has been terminated because of the unreliability and in-

accuracy of the devices. Instead, concrete block and steel housings are being 

constructed around Stevens recorders in vandal-prone areas. These installa-

tions have been effective to date, with the exception of 10S/7E-30G1 in Borrego 

Springs which has been repeatedly vandalized. No equipment has been lost, 

however. 

Lamar-Merifield personnel have been instructed to follow standardized 

field procedures detailed in their field notebooks. The chalked tape has 

been substituted for the self-potential meter for probing wells with Stevens 
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recorders to minimize the possibility of error in water-level measurements 

at the time the charts are changed. 

Three satellite platform water-level recorders provided by John 

Bredehoeft of the U.S. Geological Survey are planned for the Palmdale-

Valyermo area. One is planned for well 5N/12W-14C1 (Fig. 2) and the second 

is planned for the new well drilled by the Geological Survey at the Crystal-

aire Country Club, two miles north of Valyermo; the location of the third 

has not been determined. 

Additional TIMS units will be installed on well-protected wells con-

venient to telephone lines. TIMS units are planned for Borrego Springs and 

Ocotillo Wells; it is anticipated that 4 or 5 units will be operational 

during the next 6 months. 

Several wells have yet to be tested for their response to earth tides 

and atmospheric pressure with Stevens recorders. To the extent that funds 

permit, these wells will be prepared for Stevens recorders, and additional 

wells will be selected for possible installation of either satellite plat-

forms or TIMS. 

The response of the wells to rainfall and seasonal changes will be 

studied under supervision of our consultant, Mr. Robert Bean. In ten 

selected wells, radon activity will be monitored using Terradex track-etch 

cups submerged below the water line. In addition, temperature, conductivity, 

and salinity will be measured in the field, and water samples will be collected 

for laboratory chemical analysis. These geochemical studies will be per-

formed in cooperation with Dr. Chi-Yu King, U.S. Geological Survey, Menlo 

Park, California. 
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