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INTRODUCTION

This report summarizes the principal facts for precise leveling arrays established across
active or potentially active faults by my students and me under contracts or grants from the U.S.
Geological Survey, or arrays established by the U. S. Geological Survey or U. S. Coast and
Geodetic Survey (now National Geodetic Survey - NGS) and resurveyed by us, also under
contracts or grants from the U. S. Geological Survey. All of the leveling arrays described herein
are located in the south half of California with exception of MINA which is in western Nevada
(Fig. 1).

Although the report is intended to cover contract years 1986 and 1987, it presents relative
height data for each array pertaining to the first stable survey, no matter when that survey occurred,
to the most recent one. Nearly all of the arrays were resurveyed at least once in 1986 and 1987, but
JUNCAL has not been resurveyed since 1980, and most in the Santa Barbara area have not been
resurveyed since 1982. The names, locations, dates of establishment, the date of the most recent
survey, and the total number of surveys are given in Table 1.

During the contract period 1986-87, we resurveyed all pre-existing arrays from one to five
times each; we established three new arrays (WHITEWATER; KERN FRONT, SILVER
CANYON); and did initial surveys on three new U.S.G.S. arrays in the Parkfield area (CAR
HILL, TURKEY FLAT, GOLD HILL).

SCOPE AND PURPOSE

The stated and fixed objective of this investigation is to determine the spatial and temporal

nature of nearfield strain accumulation and release, if any, across several kinds of active and
potentially active faults in diverse tectonic regions of California.
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Since 1970 my students and I have searched for vertical fault movements in southern
California. Our investigations are intermediate in scale between the infrequent regional geodetic
surveys traditionally done by the National Geodetic Survey, and the point measurements obtained
by continually recording instruments such as creepmeters, borehole tiltmeters, and strainmeters.

RATIONAL

Seismologists have been intrigued with aseismic creep on faults ever since the
phenomenon was discovered and documented on the central segment of the San Andreas fault in
1956 (Steinbrugge and others, 1960; Burford and Harsh, 1980; Wesson, unpub. ms). In view of
the youthful tectonics in California, creep might be expected on other faults as well. But in spite of
careful searches, fault creep (not including afterslip - see Sylvester, 1986) is limited to horizontal
movement along faults related to the San Andreas fault in the San Francisco Bay area (Radbruch,
Bonilla, and others, 1966; Evans and others, 1981; Galehouse and others, 1984) and to the
southern end of the San Andreas fault (Goulty and others, 1978; Louie and others, 1985). In the
latter instance, it is not clearly established whether creep is aseismic or episodic or dynamically
triggered (see Sylvester, 1986, and Wesson, unpub. ms for reviews). As commonplace as
horizontal fault creep is on parts of the San Andreas fault system, it has been found on only one”
other fault in the world: The North Anatolian fault, Turkey (Aytun, 1980). Only in Djibouti, East
Africa, has one possible instance of vertical creep ever been reported (Ruegg and others, 1984).

Fault creep rates are so low that detection of creep requires the favorable circumstances of
periodic observation of a reference marker, such as a road stripe, by an individual which has a keen
eye for small changes over a long time period. In uninhabited areas, such as deserts and forests,:
only repeated precise surveys will reveal the phenomenon where instrumental endeavors required
electric power are lacking or unfeasible (Sylvester, 1986).

METHODS AND PROCEDURES

We have established 60 short leveling arrays in California (Fig. 1, Table I) ranging in
length from 250 m to 4000 m and which range in geometry from straight lines to L-, Z-, W-, and
box-shapes. Choices of array locations and geometry are dictated by how well located is the fault,
by limitations imposed by local topography, by access and property ownership, and by the
presence, or anticipated presence of instrumental installations.

All of our leveling is done according to First Order, Class II standards (Federal Geodetic
Commission, 1984) with an accepted error of 1.0 mm per km, but with an observed sensitivity of
0.5 mm per kilometer (Sylvester, 1984). Bench marks are Class B rod marks (Floyd, 1978) or
stainless steel plugs cemented in large boulders embedded deeply in alluvium or moraine
(Sylvester, 1984), spaced no more than 50 m apart. Most are 40 m apart. Where the arrays cross
faults, bench marks may be spaced as closely as 3 m to determine details of vertical displacement
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within the fault zone itself. The data are adjusted for closure, but we make no corrections for
temperature, gravity, or magnetic effects, because over line lengths and shot lengths as short as
these, the corrections are small enough to be neglected (Stein and others, 1986).

All data presented in this report were obtained with a shaded Wild N3 precision tilting level
up to 1979 when we acquired a Wild NAK2 precision automatic level with optical micrometer. We
have used strut-supported, matched GPL-3 precise invar leveling rods, serial numbers 2207A/B,
for most of the leveling until 1987. Subsequently the pair 4003 A/B was used more frequently
because of cumulative wear and tear to the former pair.

The leveling rods have been calibrated annually since 1978 by the U.S. Navy Gage and
Standards Laboratory, Pomona, and until 1986, they met First Order standards. Cumulative
damage to marks in the centers of the rods made their accurate calibration uncertain at that time,
although comparisons of field data among surveys over several years show that errors due to
change of rod length or poor sighting of marks by the observer are smaller than the changes which
may be attributed to instability of the benchmarks themselves, or even to tectonic and non-tectonic
movements. Thus, we continued to achieve First Order, Class II results even though the
calibration data suggested that the rods, themselves could not yield such data.

We learned that the cumulative damage to the marks was caused by the rodmen gripping
the rods on the invar strip during transit from one bench mark to another. We have changed our
procedure in 1988 and have acquired a new pair of rods.

HISTORY

Our search for creep and investigation of vertical movement associated with southern
California faults began in Death Valley in 1970 when we established four short lines across three
faults in the central part of the valley with funds from a Presidents’' Undergraduate Research Grant
to Tom Foster from the University of California, Santa Barbara. Those lines were resurveyed in
1971 and a fifth line was established across the Furnace Creek fault in Fish Lake Valley by Fred
Keller with the same kind of funds.

With Sea Grant funds from the National Science Foundation, we established a small array
across the San Fernando fault to monitor afterslip following the 9 February 1971 San Fernando
earthquake (Sylvester and Pollard, 1975).

President's Undergraduate Research Grants to Rick Keller in 1974 and to Chuck Meertens
in 1975 made possible establishment of longer and more sophisticated leveling arrays across the
Duravan fault in the Mojave Desert and across the San Andreas fault in San Juan Bautista,
respectively.

In 1982 we received funds for a systematic study of vertical movements related to active
and potentially active faults in southern California. My students and I established a number of
arrays that year and in each of the following years to 1987. The array at Pinyon Flat was funded
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for four years under a separate USGS contract. Arrays JUNCAL, SNORT, AIRFIELD, and
KERN FRONT were funded privately in response to problems raised by the individual property
owners.

DATA

Data pertaining to site location, establishment date, date of most recent survey, and total
number of surveys to March 1988 are presented in Table I according to location relative to the
principal fault being monitored or to physiographic province.

The data in Appendix II are those which are deemed necessary and sufficient for future
investigators to locate each array, to find the bench marks, and to compare future survey data with
our own. Thus, each array is presented in alphabetical order and contains site description data,
exclusive of descriptions for individual bench marks; the location of the array on a standard
topographic map; a site map; a graph which compares our first good survey with the most recent
good survey; and listings of bench mark height differences for the earliest and most recent good
surveys. Data for some of the arrays in the Santa Barbara area are not presented, because many of
the bench marks have been, or will soon be, obliterated by realignment and construction of the
crosstown freeway. :

NOTEWORTHY RESULTS
POST-SEISMIC STUDIES

Resurveys were done across the Hilton Creek fault in McGee Creek and across the
Furnace Creek fault in Fish Lake Valley (Fig. 1) following the Chalfant Valley earthquake of 21
July 1986. A resurvey at McGee Creek on 22 July 1986 showed that the earthquake triggered no
vertical movement on the fault greater than 0.5 mm relative to a survey in July 1985. Relevelings
were also done on 24 July and on 3-5 September 1986 at McGee Creek to bracket a swarm of
earthquakes which occurred in Chalfant Valley in the period 22-24 July. The surveys failed to
detect any changes whatsoever here or in Fish Lake Valley where a 250 m-long array was surveyed
in September 1986 and compared to a survey in July 1985. These results are not surprising, given
the relatively small magnitude of the earthquake (M 6) and the fact that our arrays across the Hilton
Creek fault and across the Furnace Creek fault are 35 km and 50 km, respectively, from the
epicentral area in Chalfant Valley. In anticipation of future seismic activity in the Chalfant Valley,
we established in 1987 a 605 m-long leveling array across the White Mountains fault zone where it
crosses Silver Canyon east of Laws and Bishop.

Leveling arrays in Coachella Valley (Fig. 1) were releveled in the period 14-16 July after
the North Palm Springs earthquake of 8 July 1986. Each array comprises from 22 to 53 permanent
bench marks in a line oriented nearly perpendicular to the fault it straddles. Array lengths, numbers
of bench marks, and distances from the epicentral area are as follows: MIRACLE HILL (726 m;
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22; 5 km), PAINTED CANYON (1505m; 44; 60 km), NORTH SHORE (871 m; 28; 75 km), and
BAT CAVES (1537 m; 44; 92 km). No height changes greater than 0.5 mm were detected in any
of the arrays relative to surveys done in September 1985, which is not surprising given the relative
small magnitude of the earthquake (M 5.9) and how far three of the arrays are from the epicentral
area. Our measurements show that vertical movement was not triggered on the Mission Creek
strand of the San Andreas fault by the earthquake on the nearby Banning fault. Arrays on the San
Jacinto fault at similar epicentral distances (ANZA - 43 km; SBVC - 78 km) also showed no
changes relative to surveys done from five days (ANZA) to seven months (SBVC) prior to the
earthquake.

The BAT CAVES, NORTH SHORE, and PAINTED CANYON arrays were releveled in
the period 3-7 September 1987 prior to the earthquakes of 23 and 24 November, 1987, on the
Elmore Ranch and Superstition Hills faults, respectively. They were releveled again 8-10
December 1987 to determined if the earthquake pair noticeably perturbed the San Andreas fault on
the opposite site of the Salton Trough. The height changes among bench marks in the three lines
were negligible. Those three lines, together with MIRACLE HILL, WHITEWATER, and SBVC
were resurveyed in the period 20-24 March 1988 to see if there were a delayed perturbation. The
data show that the Durmid anticline grew nearly two millimeters beneath the BAT CAVES line
northeast of the San Andreas fault, whereas the previous growth concentrated southwest of the
fault. This is comparable to its annual rate of growth of 1-2 mm/yr in Holocene time, which may
be calculated from geomorphic evidence and from the method of Rockwell and others (1988).

ASEISMIC CEEP

PARKFIELD - The USGS established a 4326 m-long leveling array, herein called
PARKFIELD CROSSTOWN, across the San Andreas fault in Parkfield in central California (Fig.
1) to determine if vertical movement accompanies the 13 mm/yr horizontal creep there which is
documented by creepmeters (Schulz, Mavko and Brown, 1988). We began observations of the
array in 1984 at the request of the USGS. The cumulative vertical separation across the fault is
nearly 15 mm from 1980 to 1985, and nearly all of that uplift took place at the surface trace of the
fault. Two relevelings of the array in 1986 show that the northeast fault block ceased its 3 mm/yr
rise relative to the southwest block. Allan Lindh (USGS) is suspicious that the height change
across the fault may be due to subsidence related to groundwater withdrawal for agriculture on a
nearby ranch. Future resurveys relative to better documentation of the pumping history may
resolve his suspicions.

PASADENA - Three relevelings of the JPL array across the Sierra Madre fault in Arroyo
Seco, Pasadena (Fig. 1), showed that the mountain side (north) of the fault subsided 6 mm relative
to the valley side (south) between January and August 1986 after having risen 9 mm between June
1984 and August 1985 without accompanying detectable earthquake activity. The array is 1900
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m-long with 43 permanent bench marks. The height changes occur over a zone about 500 m-wide;
they do not extend as far west as SAN FERNANDO or as far east as SANTA ANITA CANYON,
judging by the lack of significant height changes in those arrays across the same fault.

BAKERSFIELD - A large box-shaped leveling array was established across the surface
trace of the Kern Front fault near Bakersfield (Fig. 1) in August 1986 at the request of, and with
partial support from Texaco, USA. We also emplaced a new tilt beam across the surface trace of
the fault on November 19, 1986, to replace that which operated there in 1968-1972 (Nason and
others, 1974), and which has been long since vandalized and stolen. The south leg of the array
was resurveyed in March, June and July, 1987. Analysis of that data shows that 6 mm of relative
down-to-the-west separation occurred between the two bench marks which straddle the fault.

The rate and direction of movement - about 7 m/yr, down to the west - are the same as
were measured by the tilt beam in 1969-74 (Nason and others, 1974) and determined by Castle and
others (1983) from geologic evidence and visual recollections of geologists who first noted the
surface fractures in 1949. If the maximum offsets measured by Castle and others (1983) are
inverted against the vertical rate of change across the fault, then the present historic episode of
movement began in the late 1920's when both the nearby Kern River and Kern Front oil fields
came into significant production. This is one of the reasons Castle and others (1983) maintained -
that the movement across the fault is induced primarily by withdrawal of fluids by pumping in
those two oil fields. They emphasized that even if the movement is tectonic or has a tectonic
component, it will be very hard to determine or separate it from non-tectonic movements simply
because of the potential for subsidence, given the great magnitude of fluids that are exracted
annually. During the last two years, however, the nearby wells have been shut in, yet the
movement across the fault continues. Indeed, the fault has the most throw - 4 m - of any of the
faults in the oil field, and it cuts Pleistocene strata, so it is a very young fault. From our monitoring
to date, in contrast to Castle and others (1983), I conclude that the displacements are probably
tectonic, but I cannot rule out that they are due to subsidence. Time may tell.

CENTRAL SAN ANDREAS FAULT - Aseismic horizontal fault creep reaches a
maximum of 35 mm/yr in the central part of the San Andreas fault between Cholame and San Juan
Bautista (Burford and Harsh, 1980). We established the leveling array LEWIS CREEK across the
fault to determine the vertical component of creep there, if any. Three levelings through 1987 show
that the northeast block rises at a rate of 3 mm/yr relative to the southwest block, but only over a
zone about 500 m wide on the northeast side of the fault. This uplift rate is comparable to that we
measure at PARKFIELD CROSSTOWN, but an intervening array, MUSTANG GRADE, shows
no clear uplift. This may be related to the degree of transpression along the fault between the three
sites, or to the suspicion that the height changes at PARKFIELD CROSSTOWN may be related to
groundwater withdrawal.

PALMDALE - The northeast block of the Nadeau sub-strand of the San Andreas fault near
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Palmdale rose a few millimeters relative to the southwest block over the last few years. The 47th
STREET EAST array was established to search for vertical aseismic creep associated with recent en
echelon cracks nearby in the pavement of 47th St. East.
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TABLE I. UCSB LEVELING ARRAYS

INITIAL MOST RECENT TOTAL #

LOCATION LATITUDE LONGITUDE QUADRANGLE SURVEY SURVEY SURVEYS
SANTA BARBARA
Cook 34°25'10"  119°43'00" Santa Barbara 8/70 8/82 11
Cabrillo 34°22'20"  119°41'25" Santa Barbara 9/70 6/82 16
Lorinda 34°25'20"  119°43'25" Santa Barbara 8/70 8/82 7
Castillo Connect 34°25'00" 119°43'25" Santa Barbara 10/73 8/82 5
Portesuelo 34°25'20"  119°43'35" Santa Barbara 8/70 6/84 9
Bath 34°24'10"  119°24'10" Santa Barbara 4/71 8/82 8
Chapala 34°24'50" 119°41'30" Santa Barbara 4/71 8/82 8
Natoma 34°24'50"  119°41'25" Santa Barbara 8/70 6/82 8
Castillo 34°24'50" 119°41'35" Santa Barbara 2/72 8/82 6
Yanonali 34°25'00" 119°41'10" Santa Barbara 7170 8/82 8
State 34°24'55"  119°41'55" Santa Barbara 10/70 8/82 8
SAN ANDREAS FAULT ZONE
San Juan Bautista 36°50'48"  121°32'00" San Juan Bautista 9/75 8/83 16
Lewis Creek 36°17'42"  120°52'30" Lonoak, Hepsedam 8/85 8/87 3
Mustang Grade 36°11'35"  120°46'12" Monarch Peak 8/85 8/87 3
Flenge Flat 35°55'55"  120°31'18" Stockdale Mtn. 4/82 8/87 4
Pitt Ranch 35°55'08"  120°28'56" Parkfield 4/82 2/88 7
Parkfield 35°53'42"  120°26'02" Parkfield 4/82 2/88 7
CarHil 35°53'05"  120°25'31" Parkfield 8/87 8/87 1
Turkey Fiat 35°52'36"  120°24'57" Parkfield 8/87 8/87 1
Gold Hill 35°48'04"  120°21'48" Cholame Valley 8/87 8/87 1
Wallace Creek 35°16'09"  119°4927" McKittrick Summit 7/83 8/87 3
Camp Dix 34°57'48"  119°26'41" Ballinger Canyon 7/82 7/82 1
Caballo 34°52'07"  119°13'02" Sawmill Mountain 8/82 7/87 6
Mesa Valley 34°48'46"  118°54'20" Frazier Mountain 2/77 7/87 21
Una Lake 34°33'00" 118°02'47" Palmdale 8/79 8/84 5
47th St. East 34°31'03" 118°02'47" Palmdale 12/76 9/86 13
Big Rock Springs 34°26'04"  117°50'00" Valyermo 10/80 7/84 9
Pallett Creek 34°25'10"  117°54'00" Juniper Hills 6/78 9/86 15
Llano 34°31'06" 117°47'53" Lovejoy Buttes 3/81 9/86 6
Lost Lake 34°16'34"  117°28'00" Cajon 8/85 7/87 4
Whitewater 33°56'47" 116°38'01" Whitewater 8/86 6/87 2
Miracle Hill 33°56'03" 116°28'00" Seven Paims Valley9/85 6/87 4
North Shore 33°35'02"  115°55'57" Mortmar 9/85 12/87 4
Painted Canyon 33°36'15"  116°01'20" Mecca 9/83 12/87 6
Bat Caves 33°25'26"  115°49'04" Durmid 9/85 12/87 4
DEATH VALLEY
Triangle Spring 36°42'40"  117°07'20" Stovepipe Wells 10/70 12/85 6
Sewage Treatment 36°30'20" 115°52'25" Chloride Cliff 10/70 12/85 6
Artists Drive 36°25'00"  116°51'00" Fumace Creek 4/70 12/85 10
Hanupah 36°14'05"  116°53'00" Bennett's Well 10/70 12/85 9
Fish Lake Valley 37°24'28"  117°51'47" Soldier Pass 9/71 9/86 7
SAN JACINTO FAULT ZONE
SBValley College 34°05'08" 117°18'37" SanBernardino S 7/85 6/87 6
Massacre Canyon 33°50'35"  116°59'45" San Jacinto 8/85 7/87 5
Pinyon Flat 33°35'00" 116°26'00" Palm Desert 10/79 9/87 19
Anza 34°35'00"  116°39'35" Idylwild 1/81 9/87 29
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TRANSVERSE RANGES

JM Quarry
Juncal
Grapevine

San Fernando

JPL

Santa Anita Canyon

SAN JOAQUIN VALLEY

Kern Front

LONG VALLEY AND OWENS VALLEY

YMCA

McGee Creek
Silver Canyon

MOJAVE DESERT

SNORT
Airport
Cameron

Koehn Lake

Duravan

NEVADA
Mina

34°36'30"
34°29'00"
34°55'30"
34°18'03"
34°12'05"
34°10'05"

35°27'55"

37°37'34"
37°33'29"
37°24'16"

35°44'52"
35°42'41"
35°05'37"
35°22'16"
35°17'05"

38°21'58"

Current to 23 March 1988

120°26'44"
119°30'15"
118°55'30"
118°25'35"
118°09'52"
118°01'03"

118°0020"

118°55'37"
118°47'08"
118°18'46"

117°45'00"
117°43'16"
118°18'16"
117°51'03"
117°563'25"

118°03'08"

Lompoc Hills
Caminteria
Grapevine
San Fernando
Pasadena

Mt. Wilson

Oildale

Mt. Morrison
Mt. Morrison
Bishop

White Hills

Ridgecrest North

Monolith
Saltdale SE
Cantil

Sodaville

-1-

8/81
8/70
7/79
2/
5/84
8/84

8/86

7/83
7/82
7/87

7/83
7/83
8/85
8/84
9/74

7/85

6/85
8/80
7/87
8/85
7/87
7/187

7/87

7/84
8/87
7/187

2/87
2/87
7/87
7/87
8/86

7/86



Student Assistants, in alphabetical order

Rocky Angelini
Todd Battey
Scott Bie

Bob Blackmur
Bob Brenneman
Alan Brown
Margaret Burke
Mike Bunds
John Byrd
Duane Chase
Fred Chester
Gayle Cekada
Jeff Cole

Jim Coss
Donette Dunaway
David Fisher
Tom Foster
Susan Frischer
Mike Gagan
Ken Gester
David Goodrich
Karl Gross
Roger Griffiths
Beverly Halliwell
Peter Hill

Jim Hollis
Mike Hurd

Jeff Jordan
John Kammer
Fred Keller
Rick Keller
Dean Kubani
Nat Lifton

APPENDIX I
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Andy Lush
Dave Mann

Jim Mathieu
Kris McClellan
Ross McNeil
Chuck Meertens
Joel Metcalf
Scott Minor
Frank Moreland
Dave Mowles

Elizabeth Nixon
Randall Parker
David Parkinson
Ken Perez
Dwight Pollard
Matt Ralston
Leslie Ransbottom
Stephanie Riess
Nancy Riggs
Dar Roberts
Tom Rockwell
Pat Shourds
Mandy Spencer
Chris Taylor
Larry Voors
Frank Webb
Mike Wightman
Chris Wilson
Lowell Woodbury
Jane Woodward
Jim Wright




APPENDIX 1l

LOCATION AND MEASUREMENT DATA

Data are arranged alphabetically by array name and are considered necessary and sufficient to
find each array, recover bench marks, and compare future measurement data with our own.

Data for each array include site access and trespass information,; its location on a topographic
map; a site map; line graphs which compare results of various surveys; and bench mark height
differences for the earliest and most recent good surveys.

Data pertaining to intermediate resurveys, as well as for surveys done after the data of this
report, may be obtained on request from the author.
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AIRFIELD Leveling Array

Latitude: 35°42'41" Length: 1255.2m
Longitude: 117°43'16" Number of Bench marks: 37
Date of Initial Survey: | 11 July, 1983 Number of Surveys to 1988: 6

Trespass Permission: Contact in Advance
Dr. Glenn Roquemore or John Zellmer
Research Department
Naval Weapons Center
China Lake, CA 93555

Comments:

This is one of two L-shaped arrays across one of the N-S normal faults evincing surface rupture
following an earthquake swarm in Indian Wells Valley in 1982 (Roquemore and Zellmer, 1983). Itis
located five and one-half miles NNW of the town of Ridgecrest.

Five levelings from July, 1983 to February, 1987 show nonsystematic fluctuations of less than Imm
among the bench marks, which is nearly equal to the allowable closure error.

Reference cited: Roquemore, G. R, and J. T. Zellmer, 1983. Ground cracking associated with the
1982 magnitude 5.2 Indian Wells Valley earthquake. California Geology 30 (9), 197-200.
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RIDGECREST NORTH QUADRANGLE
CALIFORNIA
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RIDGECREST, CALIFDRNIA AIRFIELD JULY 10, 1983

*%%%x%%% Adiucted Height Differences #%%&xxxx

Backsiaht Foresight Height Diff {cm)
HFOL AFOZ 10,055
AFOZ AFOZ 46,570
AFOT AF 04 37.774
AFO4 AF OS5 7.838
AF 05 AF D6 -37.617
AFOS AFO7 S30.738
AFO7 AF 08 20,625
AF 08 AF 0T 108,594
AF 09 AFL1O 103,685
AF 1O AF11 —&0. 045
AF11 AFL1Z I.270
AFL1Z AF L3 G, 455
AF13 AF14 HZ.918
AF14 AF 1S 115.905
AF1S AF16 EF.E74
AF1lé& AF17 I7.T736
AF17 AF18 26.972
AF 18 AF19 I4.122
AF19 AFZ0 G2.2027
AF20 AF21 29.986

AFZ1 AF22 —-20.244
AF2E AF2T -41.511
AF 2 AFZ4 -33.672
AFZ4 AFZES —53.307

AF 25 AFZ6 -11.27%9
AFZé AFZ7 ~58. 207

AF27 AFz8 ~-35.880
AFZ8 AFZ9 —-18.656
AFZ2Y AFZ0 -5%9.34646

AFZ0 ASLA o =10.144
AILA ASLE o8. 815
AZLR AF A2 27450

AFIZ AF T -173.504
AFEE AF A -42. 705
AF T AF S -B0. 50T
AFZS AF3é4 -12.072

AFI6 AF 37 ~21.697
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RIDGECREST, CALIFORNIA

*ieersy Odjusted Height

Backsight
AFOL
AFOZ
AFOT
AFO4
AFOS

AF &
AFO7
AF 08
fiF 0%
AF LG
AL
AF 1
AFLE
AF LG
AFLS
AF LS
AFLT
AR LS
AF LY
FAF 20
AFZ1
AF22
AFEE
AF 24
AF25
AF 26
BE27
AFZE
AF29
AFZO

AFZE1A
H = “"r-\
A TT

AFZ4
AF35
AFZE

Foresiaght
AFG2
AFOE
fHF Q4
AFO5S
AFO&
AF a7
AR
AFo%
AF 10
frll
AFL1Z
AF LT
AF14
#F 15
AF e
HF1L7
AF 18
HF1S
AF20
AFZ2

AFE1A

. e

5] R
AFEE

AF T4
S -
T wnd
AFT&

AFI7

AIRFIELD

Differences S4#%iEed®

Height Di+ff (cmi
13,053
—-4&.582
I7.783
7.B18
-E7.58%

107,709
~h0, 047
13,271
T A5
62,929
115, 882
T3 384
LTS
26.970
4,124
92, THE
24,585

e
20, 2eE

-31.51é
-5, 566

] = I
—-35. 868
—-18. 654
-55.357
-10.177
56,272
—173.538
L HB7E

'—8() 523

. 060
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ANZA Leveling Array

Latitude: 34°35'00" Length: 792.0m
Longitude: 116°3935" Number of Bench marks: 32
Date of Initial Survey: 24 January 1981 Number of Surveys to 1988: 29
Trespass Permission:

Most of the array is on private property with limited access to authorized persons. Itis a good idea to
notify in advance Mr. Larry Muzzall who owns the adjacent property to the southeast at :

P.O. Box 76, Union Oil Research
376 Valencia Canyon
Brea, CA 92621

Comments:

This irregular-shaped line conforms, in part, to the physiography of a right-offset canyon across the
San Jacinto fault, two miles from Anza.

Relative to one of the first levelings, that of April 1981, a representative leveing in January 1984 and

the most recent in September 1987 show no significant height changes that can be attributed to
displacement along the fault.
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IDYLLWILD QUADRANGLE
CALIFORNIA-RIVERSIDE CO.
15 MINUTE SERIES (TOPOGRAPHIC)
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* A26

SITE MAP OF ANZA PRECISE LEVELING ARRAY

* A25
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ANZR, CALIFORNIA ANZA AUBUST 15, 1984

*x#%%%% Adjusted Height Differences *#xexexx

Backsight Foresight Height Diff (cm)
ANO 6 ANOS 36.228
ANOS ANO4 224,193
ANO4 ANOZ 206.807
ANOZ ANOZ2 -18.747
ANO2 ANO1 151.896
ANO1 A1 166.830

A1 A2 -186.080
A2 AO3 -135.015
A3 AQ4 -117.850
AC4 A0S 180.712
AQS A0 117.242
AL A07 130.713
A7 ADB 65.23
AOB AQY 7.069
RO AlO —-150.846
ALO All -55.791
ALl Al -122.362
AlZ Al13 21.645
AL3 Al4 107.926
Al4 Al1S 132.486
AlS Alé -B7.793
Al Al7 27.140
Al17 Al8 30.981
A18 Al9 -75.242
Al A20 229.096
AZ0 21 224.754
A2l AZ22 193.929
22 AZ3 209.159
AZR3 AZ24 235. 058
A24 AZS B6. 273
AZS A26 129.420
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ANZA, CALIFORNIA ANZA SEPTEMBER 35, 1987

*xx#x¥%* Adjusted Height Differences ##*xkisi#*

Backsight Foresight Height Diff (cm)
A26 AZS -129.409
A2S AZ24 -86.283
AZ24 AZ23 -235.079

2= A22 -209.162
AZZ AZ21 -193.927
21 20 ~-224.801
AZ0 ALQ -229.089
Al9 Al1B 75,202
Al8 Al7 -~30.9240
Al7 Alb -27.086
Alsé AlS B7.713
A1S Al4 -132.414
Al4 Al13 —-107.940
AL A12 -21.637
ALZ2 All 122.398
All Al1O 55. 688
Al10 A9 150,933
A0 A8 -7 0932
AOB AO7 —-65.228
AO7 AGS ~130.713
ACL AOS -127.241
A0S A4 -180.729
AC4 AOZ 117.583
A3 A2 1234.971
A2 AC1 186.103
ARO1 ANO1 =166.8350
ANO1 ANO2 -151.929
ANO2 ANO3 18.727
ANOZ ANO4 -206.748
ANO4 ANOS -224.216

ANOS ANO& -36.237
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ARTISTS DRIVE Level Line (Line 50)

Latitude: 36°25'00" Length: 273.0m
Longitude: 116°51'00" Number of Bench marks: 10
Date of Initial Survey: 3 October 1970 Number of Surveys to 1988: 10
Trespass Permission: Notify in Advance

Chief Ranger

National Park Service

Death Valley National Monument

Death Valley, CA 92328

Vehicles must not be driven off the paved road. They may be parked on the highway shoulder at the
west end of the level line.

Comments:

The line was placed across the Artist Drive fault on the east side of Death Valley one and one-half
miles south of Furnace Creek Inn. It was extended an additional 47m by adding two more bench
marks at the east end of the line in 1985. This was done to have control east of bench mark 544

wghich, since 1970, rose 7mm relative to the rest of the bench marks in the array (Sylvester and Bie,
1986).

Reference cited: Sylvester, A. G., and S. W. Bie, 1986. Geodetic monitoring of fault movements in
Death Valley, 1970-1985, pp. 41-44, in Troxel, B. W., editor, Quaternary Tectonics of Southern
Death Valley. Field Guide, Pacific Cell, Friends of the Pleistocene, 44 p.
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FURNACE CREEK QUADRANGLE
CALIFORNIA-INYO CO.
15 MINUTE SERIES (TOPOGRAPHXC)
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BAT CAVES Level Line

Latitude: 3392526" Length: 2268.1m
Longitude: 115°49'04" Number of Bench marks: 62
Date of Initial Survey: 9 September 1985 Number of Surveys to 1988: 4

Trespass Permission: None Needed

Comments:

This line crosses the San Andreas fault and the crest of Bat Caves Butte, one and one-half miles
northeast of the Salton Sea. It was established to determine if the buttes, which surmount Durmid
Hill, are rising due to shortening related to the transpression on the San Andreas fault.

Relative to the first leveling in September 1985 the southwest flank of Durmid Hill, southeast of the

San Andreas fault, has arched upward about 2mm. No vertical displacement is apparent across the
San Andreas fault itself.
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DURMID QUADRANGLE
CALIFORNIA

7.5 MINUTE SERIES (TOPOGRAPHIC)
NE/4 DURMID 15’ GUADRANGLE
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HEIGHT CHANGE, MILLIMETERS

HEIGHT CHANGE, MILLIMETERS

METERS

A BM HEIGHTS - BAT CAVES BUTTE - 1985-1987
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BATCAVE BUTTES, CALIFORNIA BATCAVES SEFTEMBER 9, 1985

##ewertsr i 1usted Height Differences ###edanes

macksiaht Foresight Heiaht Diftf (cm)
RCG1 BCOZ 124,814
BRCOZ BCOZ 112,038
EBCO3 BLO4 8%.871
RCOG4 BRCOS 113,260
BCOS RCO& 172.821
BCO& EBCO7 117.127
BCO7 EBCO8 151.042
BCO8 BCOZ 161.446
BCO9 BC1G 136,854
BC1G EC11 161.538
BCi1 BC12 185.173
B BC13 192.400
BCLE EC14 158. 401
BC14 BC15 143,629
ECL1S RC1é 123.298
BC1é6 BRC17 134.046
BC17 EBC18 140,420
BC18 BC19 141,283
BC19 BC20 174,690
RC20 ECEI 186.745%
BC21 BCZ2 163,330
RC22 /BC~u 182,023
RCZ23 RC24 230.850
BRC24 BC2S 245.545
BC2S BC26 195.538
BC26 BC27 127.785
BC27 BRC28 194,337
BCZ8 BC29 16%.411
RC29 BCZ0O 221.464
BCZ0O BCZ1 231.825
BC31 BC3E2 228.698
BC32 RC33 156.383
BCZ3 BCZ4 187.662
BCZ4 BC3IS 166.787
BC3ES BC36 181.330
BC36 BCE7 210.044
BC37 RC38 217.866
BCZ8 BC3E9 138.924
BC39 BC40 74.431
BC40 EC41 159,312
BC41 RC42 167.009
EC42 BC43 216.478
BC43 BC44 126.330
RC44 EC45 -15.084
BC4S BC46 -171.984
RC46 BC47 -182.165
BRC47 RC48 -166.103
RC48 BC4% 185,494
RC49 BCSO —io‘.qu9

BCSO BCS1 -88.039



BATCAVE BUTTES, CALIFORNIA BATCAVES SEPTEMBER 9. 1985

BCS1 BCS2 -117.6035
BRCS2 BCSZ -14%5.781
BCSE RCS4 -174.029
RCS4 RC35 -119.671
BCSS BCS6 ~-167.84%9
RCS6 RCS7 -185. 3590
BCS7 BCS8 ~144.933
RCS8 BCS9 -171.934
BCS9 RC&0 ~-140,084
BRC&6O BC61 -168.932
RC61 BC&Z -140.336
BRC62 RC63 -133.055
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BATCAVE BUTTES. CALIFDRNIA BATCAVES DECEMBER 8, 1987

*¥xx%%% Acdjusted Height Differences #*%x#¥xkexx

Backsight Foresight Height Diff{cm)
RCO1 BCOZ 134.847
RCOZ BCOZ 113,072
BCO3 BCO4 89.203
BCO4 BCOS 113,147
BCOS BCOS 173,032
BLCO& BRCO7 116,972
BRCO7 ECO8 191. 130
BCOB BCO9 161.378
BRCO9 BC10O 136.889
BC1O BC11 161,573
BC11 BC12 185.281
BC12 RC13 192,681
BC1Z= BC14 158. O30
BC14 BRC1S 143,603
BC1S BC16 123,361
BCL6 BC17 134,036
BC17 BC18 140,393
RC1B BC1Y 141.312
BC19 BC20 174,712
BC20 BC21 1B6.745
BC21 BRC22 163,516
BC22 BCZZ 182,072
BC23 BC24 230,859
BCZ2 BCZS 245.434
BC2S BC26 195. 606
BC26 BC2 127.576
BRC27 BCZ8 194,491
RrC28 BCZ9 169.487
BCZ9 BCZO 221.428
BC30O BCZ1 271.914
BCZEL BC3E2 228.6379
RCZ2 BCZZ 156.417
BC3E3 BCZ4 187.491
BCZ4 BCZIS 166.9233
BC3S BC36 1B1.516
BCZE6 RCE7 210.021
BCZ7 BCEB 217.900
BC3E8 BCZ9 138.9%91
BC3EY RBRC40 74.412
BC40O BC41 159.280
EBC41 BC42 167.026
BC42 BC43Z 216.40%9
BC43 RC44 126.441
BRC44 BC45 -15.087
BC45 BC46 -172.025
B 46 BC47 -182.15%
RBRC47 RC48 -166.125
BC48 RBRC49 -1855.970
BC49 BCIO -132.472
BCSO BCS1 -88. 066
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BATCAVE BUTTES. CALIFORNIA BATCAVES DECEMBER 8, 1987

BCS1 BCS2 -117.632
BCSZ BCS3 =-145.717
BCS3 BCS4 -174.029
BCS4 ECSS ~11%9.64%
BCSS ECS6 -167.969
BCS6 BRCS7 -185. 639
BCS7 ECS8 -144.928
ECS8 BCS9 -171.976
BCSY9 BC&O -139.952
BC&60O BC61 -169.126
BCo61 BC&Z —-140.323
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BIG ROCK SPRINGS Leveling Array

Latitude: 34°26'04" Length: 394.0m
Longitude: 117°50'00" Number of Bench marks: 24
Date of Initial Survey: 25 October 1980 Number of Surveys to 1988: 9

Trespass Permission: Bench mark #24 is on private property. Contact property owner
Barbara Frazier before surveying. Ph# (805) 944-1822.

Comments:

This is a Z-shaped array across the San Andreas fault at the mouth of Big Rock Creek, one mile
southeast of Valyermo.

With the exception of bench mark 1, no significant height changes have occurred among the 24 bench
marks in 4 years to 1984 as is shown in an accompanying figure.
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VALYERMO QUADRANGLE
CALIFORNIA-LOS ANGELES CO.
7.5 MINUTE SERIES (TOPOGRAPHIC)

wesc & Y

E==gr===ay
It =

i A 1
it
"
it

W
|

P ;
Mtn Brook 2y
Ranch \ oo

fing

1 KILOMETER

-43-



BIG ROCK SPRINGS LEVELING ARRAY
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Big Rock Springs, California

*xxx%%% Adjusted Height Differences *iErxxxs

Backsight
ER1
EBRZ
BR3
ER4
ERS
EBR6
BR7
ERB
ER%

BR1O
BR11
BR12
ER13
ER14
EBR1S
EBR1&
BR17
ER18
BR19
ERZ0
BR21
ER22
BR2ZZ

Foresight
ER2
ERZ=
ER4
BRS
BR&
EBR7
ERB8
ER?

BR10O
ER11
BR12
EBR1Z
BR14
BR1S
ER16
BR17
ER18
BR19
BR20O
ER21
EBR2Z2
BR2Z
EBR24

Big Rock Springs

Height Diff (cm)

-85.435
-71.261
-Z9.322
-10.591
23,009
7.001
-29.858
-26.244
-51.454
-12.492
1.935
39.767
11,700
-2.457
-19.617
-12.345
-35.041
3,458
28.482
45.616
-11.489
7E2.996

35.510
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BIE ROCK SPRINGS, CALIFDRNIA BIG ROCK SPRINBS JULY, 17 1984

*##%x%2% Adiusted Height Differences #*#sksss

Backsight Foresight Heiaght Diff (cm)
BRO1 BROZ2 -85. 500
BROZ BROZ -71.188
BROZ BRO4 -39.307
BRO4 BROS -10G.584
BROS BROS 23,028
BRRO& BRO7 6,953
BRO7 BROS -29.837
BROGS BROS -26.241
BROY BR10O -51.410
BR1O EBR11 -12.548
BR11 BR1Z 1.929
BR1Z BR17Z 35.749
EBR1Z ER14 11.726
ER14 BR1S 2,473
BR15 BR16 -19.582
BR1é&6 BR17 -12.375
BR17 ER18 -25.032
BR18 ER1% 33.48B4
BR1% BRZO 28.479
BRZO BRZ 45,607
BRZ1 BR22 -11.481
BERZ2 BR2Z 73.98%9
BRZ3 BRZ4 I5.902
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CABALLO Level Line

Latitude: 34°52'07" Length: 1159.1m
Longitude: 119°13'02" Number of Bench marks: 31
Date of Initial Survey: 11 August 1982 Number of Surveys to 1988: 6

Trespass Permission: None Needed

Comments:

This irregular-shaped array crosses a fault-bounded pressure ridge in the San Andreas fault zone, 19
miles west of Frazier Mountain.

The character of bench mark height changes is different on each side of the San Andreas fault. Bench
marks northeast of the fault are Class B rods driven into the canyon alluvium above igneous and
metamorphic basement rocks, whereas bench marks southwest of the fault are also Class B rodmarks
in crushed and sheared Tertiary sedimentary rocks. It is simple to say that the latter group of bench
marks is not uniformly and s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>