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(Plates(Plates and fiLures are at end of report) 

Plate 1. Nap Showing location of earthquake epicenters in 

western and central sections of the Los Angeles 

basin, January 1, 1934 - June 30, 1962. 

2. Nap showiag to route of level circuit C. 

3. Changes in elevation along level circuit C between 

1939 and 1962. 

4. Cbliqua air photograph of the Baldwin Hills looking 

south-southwest. 

Figure 1. Index zap of the Los Angeles basin shoving location 

of the Baldwin hills area,and several major 

structural features. 

2. Map of north central Baldwin Bills showing faults, 

joints, and or surface cracks as of July 1962. 

Structure contour map on top(?) of Gyroidina zone, 

north-central Baldwin Hills. 

4. Structure contour map on surface 50 feet above 

Vickers-Machado zone, north-central Baldwin Rms. 

5. Photograph showing extensive, locally broken, patching 

along major earth Crack I where it passes through 

school yard north of Overbill Drtve. 

Close-up photograph of major earth Crack U. 

ii 



Figure 7. Photograph of daragcd residential fount ntion 

lying athwerl; major earth Crack I. 

8. Map of north-central Baldwin Hills shoving: (1) 

distribution of for surface cracks as of June 1961, 

(2) approximate pattern of average annual elevation 

change relative to U.S.C. G.S. bench mark Tidal 

8-1929 San Pedro as of June 1961, (3) horizontal 

movements relative to base line east of the Baldwin 

Bills for period 1934 to 1961. 

9. Yap of north-central Baldwin Hills showing approximate 

pattern of average annual elevation change relative 

to bench mark Hollywood -1I for period 1950 to 1954. 

10. Nap of north-central Baldwin Hills showing distribution 

of major surface cracks and approximate patterns of 

average annual elevation change relative to bench mark 

Hollywood E-11 for period 1.954 to 1958. 

11. Map of north-central section of Baldwin Hills showing 

distribution of for surface cracks and approximate 

pattern of averaga annual elevation change relative to 

bench porlt Hollywood E-11 for period 1958 to late 1960. 

(CaaTiled by Department of Water and Power.) 
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Ficure 12. Nap of north-ce.74tra1 s:.,-,ctiora of. Balduin Ellis 

shown distribution of major surface crack and 

a7)2rox1=te 1,:;;;tti.Irn of average annual elevation 

chazze relative to bench mark E *ollywood E-11 for 

period 1953 to late 1960. (Based on erne surveys 

as those of fire 11, but reinterpreted by writer.) 

13. Map of north-central Baldwin chowina distribution 

of major surface cracks and approximate pattern of 

average annual elevation chanze relative to bench 

mark liollywood E-11 for period' 1958 to 1962. 
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Th aliii, Hills are located, in the western part of the 

Los Anzacs basin (fieure 1) near the northern end of the Zewport-

Lazaevood ur_lift or fault zone, a major structural feature which is 

the locus for several highly productive oil fields. The bills are 

a slictlttl.y dissected pb ioaic high, rising about 400 feet above 

tLte surrounang alluvial plain frd are roughly severed in two by the 

Inclewood fault, the demiriant structural feature of the area (see 

plate 4). 

Parts of the Laldwin hills, in co:zon with other areas in the 

Loa eles basin, have underoe mensiwable elevation chan,ses in the 

paat two or three decades. Up to 1939, elevation chr=zez of 40.03 

foot per year (relative to a bench mark at the Los Melon County 

Ceurthou.ae) were recorded for a point i=ediately south of the 

L',-11d-witi Rills (Grant and Meppard, p. 302, 319-322). in recent years 

surface ov=ents, locally rimi testing themselves az actual ruptures, 

have been observed within parts of the Baldwin Hills, and several 

local governmental agencies have =ads closely spaced geodetic surveys 

in order to =re closely measure both the vertical and horizontal 

movement a. 

https://Ceurthou.ae


This preliminary retort su=arizes 60=3 of the infornation 

avz-ilable to the mi'ldla of 1962 on the character and extent of 

surface novemonts in rzrts of the 1::a1dwin Hills, particularly the 

north-central, area. These data were obtained as sul,ple=ental 

information during the Survey's investigation of the surface geology 

of the Balelwin Hills area (Castle, 1960). 
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The surface eeolczy of the Baldwin nills area WS max,:ed in 

detail in 1958 and 1959 et a scale of 1:12,000 (Castle, 1960). 

The oldest sedimentary rock e-zpoccd in the area is Pliocene-

rleistoce=(:) in are clad cmaii;to mainly of roorly consolidatod 

marine silt and vco, fits' sand with local leases of coarser eaud 

am pebbly material. Locally clay-rich, raiticularly along the 

northwest flank of the Laldwin Lille, the entire aeciuense is commonly 

thinly laminated and well bcddd with dips as steep as 350 but 

averaging considerably less. U=onformably over this unit 

is a dominantly marine cazatcc of unscazolidated coarse- to 

sewn-graincd send that is cocimonly pcbbly or cably. 

material of aelstecene ace is relatively flat- mss but dips as 

Bich as 12° have been mem-dui. Unconforbly over1yii the older 

units are Recent alluvium and flood-p3 der,osits consisting min4 

of unconsolidated silts, sands, and crz,,vels of nonmerine origin. 

Tbe straticraphic section uadcrlyins the Baldwin co4prises 

Quaternary and Tertiary sedimentary rocks and Tertiary volcanic rocks 

that in turn rest non a net=rrlio bascmcnt cc: I{. at a depth 

scobably in excess of 12,000 feet (Mauna, 1951). reformation 

resulting in folding an4 faulting of the Cenozoic rocks way have 

be as far back in Tertiary time as middle taccerle (Reed and 

Hollister, 1936, lir. 131) and teolozic evidence indicates it bas 
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continued through much of Qgateraary tic. The very youthful 

dissection of the hills and locally close correspondence of strati.. 

graphic and physiographic surfaces is geomorphic evidence of the 

recency of this deformation. 

The pattern of faulting and jointing at the surface in the 

north-central Baldwin Rills, the area with which this report is 

most concerned, is shown in figure 2. The faults and joints clip 

steeply and have a prevalent strike of north-northwest or north» 

northeast, except toward the northern edge of figure 2 where the 

effects of a possibly major fault system may begin to influence 

the structure. 

The subsurface pattern of faulting in the north-central 

Baldwin Rills is shown in the structure contour maps on figure 3 

(Driver, 1943, p. 307) and 4 (California Division of Oil and Gas, 

1961). The only major differences between theee two summary 

interpretations occur in the southeast portion of the map arca 

'here the subsurface data from recent developmeats in this part 

of the Inglewood oil field aided in the interpretation. There are 

some differentes, however, between the subsurface fault interpretations 

and the pattern of faulting mapped at tha surface. Some of the die» 

erepancies maybe only apparent, attributable simply to inclination 

of the fault surfaces and to generalising the structure at depth. 

In figures 3 and 4, the Inglewood fault is shown as a relatively 

straight ature, ubereas surface mapping suggests far more structural 

complexity in the vicinity of the La Brea Avenue-Stocker Street-Overhill 

Drive intersection than has been shown on either of the subsurface maps. 



All the faults shown in figure 2 have been active during Qgatcrnary 

time. Displacements ale-az several of the major faults, such as the 

Inglewood fault, may have h-aen, Eu'ostantial„ vhereas displace=nts alone 

the northeast-trending faults that offset the Inglevood fault may have 

been no Lore than a few feet. It has been succsted (Driver, 1943, 

p. 308; Bill, 1954, p. 10) that conUderable lateral displacement occurs 

along the Inglewood fault and alone the lic.rapert-Inocd fault zone. 

Driver has noted that the direction of striae in n-my drill cores 

indicates a larger cvaLvonent of horizontal than vertical movement, and 

Hill has deduced major right-lateral mvezlent along the Nowport-Inelewood 

zone from electric log correlations. (Iuateraary right-lateral move-

ment of about 2,000 feet is succested vaguely by the relative topographic 

offset of the hills on either side of the Inglewood fault as shown in 

the left foreground of plate 4. This za= 1-,hysiographic feature might 

have resulted from a complicated series of dip slip movements. Positive 

evidence of recent lateral displacement has net yet been found. Along 

the Inglewood fault, for example, 'where it is reflected locally by a 

scarp about 200 feet high, there is no suggestion of offset in the 

stream channels or fan deposits that co across the surface trace of 

the faults. 
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Local Eel city 

The distribution of eartliqu.,-Ae epicenters in the western and 

central parts of the Los Anzeles Basin from January 1, 1934 to June 30, 

1962 is shown on plate 1. However, what Lay have been the largest 

earthquake to have taken place in the vicinity of the Baldwin Hills 

in historical time occurred on June 21, 1920 (T bers 1920). According 

to Taber (1920, p. 135) this earthquake had an intensity of "about 

eight and one-half in the Rossi-Forel scale," and an investigation 

of its intensity distribution showed "that the origin, was located 

a short distance west of Inglewood, pos ibly not niore than a rtib." 

(Taber, p. 137). Kew (1923, p. 150 concIUded on the basis of sub-

sequent geologic studies that the earthquake of 1920 was caused by,, 

movement along a major fault lying about a mile to the east of the 

center of the city of Inglewood and en echelon with the Inglewood 

fault (see figure 2). Hew's conclusion, howav,r does not require 

that the earthquake epicenter necessarily lay along the surface 

trace of this fault, for according to Willie and Ballantyne (1943, 

p. 313) this particular fault (now known as the Potrero fault) 

probably dips steeply to the wer...t. 

The major concentration of epicenters in the vicinity of the 

Baldwin Hills is to the southwest, east and southeast (plate 1). 

Within the north-central section of the Baldwin Hills, however, there 

is recorded for this period only one epicenters this earthquake is 

reported to have had magnitude of between 1 and 1.90. 
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=ENT EARTH 101,7D=7.3 

Re,pjorval elevation char es 

There have been several attct*ts to describe the pattern of 

regional vertical movement over large sections of the Los Angeles 

Basin. Grant and Sheppard (1939), workins ,with very limited data, 

were able to define several broad areaa of relative subsidence and 

at least one zone of positive movement. Agcording to these writers 

(p. 302) there are broad sUbsidinz areas directly north and directly 

east of the Baldwin Hills. The only area of relative positive move-

went noted by Grant and Sheppard was detected along a more or less 

east-west level circuit immediately south of the Baldwin Hills. The 

trend of this zone of relative positive movement was not ascertained 

by Grant and Sheppard. Subsequent precise leveling investigations, 

described in an unpublished 1943 report by Hayes (Los Angeles 

Department of Water and Power, 1962, oral communication), however, 

showed that the points of rIxtmum positive movement along two level 

circuits in the southern Baldwin Hills area lay aloe an approximately 

north south line (but about one-half mile east of the point referred 

to by Grant and Sheppard). A1thou8h the above information is incon-

clusive, it sugsests that there nay exist a regional axis of positive 

movement roughly parallel or subparallel with the Newport...Inglewood 

fault zone. 
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Stone (1961, p. 58) recently has evaluated elevation changes 

from repeated surveys "for more than 9,000 stations leveled over the 

past 2 years by the Los An_ les City 12,e,ineer." Me results of 

Otone's studies indicate that in ecneral the areas "within late 

uaternary sedimentary basins are suhsidinz, while some foothill 

stations are rising." He has concluded, moreover, that "even minor 

features of local geology affect the rates of movement." 

Surface nvicnonts in the north-central Baldwin Hills 

MOvements revealed through direct observation 

A series of major earth cracks began to develop in the north-

central Baldwin Hills at le as early as 1957. These cracks are 

expressed as simple ruptures or displacements of the ground surface 

along more or less straight lines, and insofar as is now, known they 

have never occurred as open fissures. The only actual open fissures 

associated with the cracks occur in asphaltic pavements (see figures 

5 and 6) or other artificial structures where they appear to have 

resulted from stretching as a seconlary effect of vertical displacement. 

Some cracking may have begun as ea4y as 1955, but this possibility 

has not been documented. in May of 195T1 Professor:r. C. Converse 

(1961, oral communication), a consulting foundation engineer, examined 

Crack I (figure 2) in a large compacted fill on the east side of 

Stocker Street. Within about week he found that the crack extended 

southward through a school yard (see figure 5) and eventually the 
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crack, with local di continuity, was traced a total distance of 

about a half mile. In 1958 Crac%s II, III, and IV, shown on 

figure 2, were observed and located durif; precise leveling surveys 

carried out by the Los Angeles Department of Water and Power (1960, 

oral ccreminication). Between 1958 and the middle of 1962, nova:lent 

continued along all the cracks with the poecible exception of Crack IV, 

but there has been little apparent linear extension of the cracks 

beyond their limits of 1958. Crack V, which has been traced for 

only a few tens of feet, is the only nee rupture Icnown to have been 

forted in this part of the Baldwin Hills between 1958 and the middle 

of 1962. Cracks III and IV may be continuous with each other, but 

there is a gap of 200 to 300 feet between them. 

Field measurementz have Shown that the cracks are nearly vertical 

and that the movement along the, ie essentially dip slip. Mere 

cracks have cut white lines painted on paved surfaces, there has been 

no discernible lateral displace=ent of these lines. The relative 

movement along the individual cracks is Shown on. fisure 2. The laad 

surface between Cracks I and IV (figure 2) has been depressed forming 

a email graben-like structure bounded by these cracks. Insofar as is 

now known, there has been no obvious reversal in the sense of movement 

along any of the cracks through their history of growth. 

There apparently has been some variation in the rate of movement 

along the cracks from the time they were first observed through the 

middle of 1962. For example, measurements in the school yard along 

Crack I between Ce-Ober and cember, 1957 indicated. that movement 



was proceeding at a rate of about 0.10 foot per =nth, whereas =ye-

rx..at during the following 33 imon:;:i per-Zoa from er 1957 to 

October 1960 totalled about 3 inches (D. a. Brawn, 1962, oral corcaunication). 

According to an unpublished report by Walley (Los Anzcles DeDart=ezrt of 

Water and Power, 1963, oral cc=unication), the cracked section on 

Overlain Drive was resurfaced in early 1959 and since than the die-

placement along Crack I has been less than one inch. Another example 

of variation in rate of merveLneat is shown by Crack IV where it crosses 

a section of La Brea Avenue which was resurfaced in 1959. There was no 

aDrarent disruption of the pavenzent along this stretch of Crack IV from 

1959 through the middle of 1962.(Discemible cracking had restrzed. by 

1963, however.) Characteristics of the movexae:at on Crack II are 

shown in figure 6, a photo,; r..ph taken in a parking lot in January 1961. 

Within a few months after resurfacing, the lot, artazwnt was a ,sin 

observed ea Crack IL 

Maxim= vertical displac=ent on the five known cracks has 

occurred along Cracks I and II. According to one report, up to inches 

of "cracking" had been observed. in the school yard athwart Crack I by 

Boverber 1957 (D. R. Brown 196.2, oral ce=t;:r.iication). Since Vovember 

3.957, vertical =ov-‘zent on. Crack I has exceeded. 2 inches; therefore, the 

rculd.mum displacent through July, 1962, zay have been as much as 6 inches. 

The total movement on Crack n through January 1961 was about 4 inches, 

and by the middle of 1962 the total displacement =punted to a minimum 

of 5 inches. The displacement has resulted in disrliption of pavement 

and foundations (see figures 5 through 7). 

10 



 

Thar* is no direct evidcace of t depths to wlaich crac:; 

etend.-.4-bc1oz tale Eround surface, lyat c-zreral fetLIrcts of the cracks 

stronEly laTly diofir.ii-ec=ntz to dt-..tliz or nore than a few feat o even, 

tc::..s of feet. Fit be'wntioned the lc-- linear e:Ltet of 

Craaks I aai IV. Seca.-1 Is the co-stf.crrnle lceal relief of the terrain 

crecoci. by Crac% I„ which c be traced alc—, tta crou=d surface thrch 

a dif:ereace of elevation of about 75 feet botvaen Cverhill Drive and 

Stocker Street. Third. is, the ap:;arent constancy in the senze„ even if 

not the amount, of dialllacc=cnt Oxus the trace of a given crael. 

Leolcaic settins of the craelLo Is etown in ;art in fir 2, 

trinzs out the strikir/ d2Lree of lwailellciak tett/ft* the creeks 

cz.i faults and joints in 'their vicinity. 'Item is no az;arca., correlatio, 

however, Imtween litholoey and location or character of the crac1se 

Crack I, for exac4p1e„ can be traccd throuzh caallnaLt5 reprasentiva the 

najority of the stratio units exDosed at the r:ace in the BalCain 

Includlara sands, silts, gravels, and artificial fill. 

Movements reveala by precise levellna /44-' 

triation surveys 

Few precise elevations ware established in the Zaleasin MI5 area 

prior to 1930, and. little is known of chanzes in elevation of the lami 

surface that ri.4,5— have occurred before this time. In particulz.r, there 

is no way of knowing with certainty what sort of measurable elevation 

chances, if any, this area was uadervaina smtor to discovery of thei 
Inclewood oilfield. Throuzh analysis of the results of a 1917 topo-

raphic survey and recant precise leveling:data described in an 



 

unpulliched 1943 report, S. A. Hayes (Los Angeles DepartLeat of 

Water and Power, 1962, oral co=unication) computed chances in 

elevation (relative to a Los Anzacs City datum used prior to 1925) 

for eight points in the central Baldwin Hills for the period 1917 to 

October 1943. dyes found that of the eight points, the naximum 

elevation chance, about .4.2 feet, was found at a point about 800 

feet east of Department of Water and Power precise bench mark (17L14) 

122. PM 122 is about 2,000 feet north-northwest of the La Cienega 

Boulevard-Stocker Street intersection, and ayoromimately coincident 

•
with the area of, maximum subsidence as shown by asipartment of Water 

and Power surveys conducted since 1950. Continuing measurements by 

the Department of Water aad Power (1961 and 1963, oral communications) 

indicate that Pad 122 underwent elevation chances (relative to bendh 

mark Hollywood,B-11) of about -1.73 feet between 1950 and 1958, and 

about .0.57 feet between 1953 and 1962. The relative average rate 

of movement of PE3 122 from 1950-58 was about .0.20 foot per year 

and by using this rate for the period October 1943 to 1950, the 

computed subsidence for P. 122 between 1943 end 1962 is seen to be 

about 3.6 feet. It is interpreted from this information that total 

relative subsidence of gat 122 between 1917 and 1962 vas around 8 feet. 

Information on the surface movement in the Baldwin Hills area 

recently has been sumwerised by tree Los Angeles Department of Couaty. 

Engineer. A synoptic representation of these data as of June 1961 is 

given in figure 8, to which has been added the location of Cracks 

numbers I through IV. According to the Department of County Engineer, 
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the point ce maxim= annual sideree eet:feliebed in this comrilatiea 

is abeet 300 feet wet c tL.e area she ea fizure 6. OA fi:ure 8,i 

rtIee anaeal rate of vertical i,e)vet, Shawn by the icobaze lines, is 

baced ea averaged values for individual survey atations in ehieb the 

periods of obaervation vary from station to station. Thu, w'eether 

or not the rarticular point used in cenetrectier, the labbase lines 

eown on figura $ i3 repreeented am e ricreii rid movement may 

be a fenction in rart of the ..,..Tio1 of obeervation of the precise 

levelinz. Furthermore, data cceniled for individual stations reveal 

cases of apparent (though enerl1ymtor) reversals of movement 

durina the total Observation reeled so that even cense of movemeet 

locally nit trove a function of the aelected observation period. 

Zevertheleaa, the codeinatioa of roints of loaz observation with 

those of hort observation is auch that figure 8 probably represente 

the geeeral character of vertical reove=ent az of the date of co=rilation. 

The relative horizontal =oyez:cent of EM Baldwin Aux. is Shown on 

figure 8 and is bazed on a 1961 retri- c:ulation of this point, relative 

to its position detereined by a 1934 Cooperative Control aurvey of 

the metropolitan Los AnrIeles area (Alexander, 1962, p. 2469). Other 

horizontal moverreat vectors shown on, figure 8 were determined fram 

secondary trianaulation related to the 1961 pozition eel:Baldwin Aux. 

A fourth vector has been determined for a point (not Shown on figure 8) 

about 7,000 feet N. 520 W. from Baldwin Aux. liorizoetel novcent at 

this point is 10.95 foot S. 70 W. (Alexander, p. 2473). 
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In 1939 the Dz:;:artzc:it of Water a=A1 11,z3,6-cr of the City of Los 

e1e bean the establielment of an c.:ztaive scrles of Ixccite 

1:Lvel circuits in the Baldwin hills. The results of the precise 
•.. 

leveli113 surveys have been described in a series of unlished 

Deloart=ent of Water and Power re-sorts by S. A. Hayes, dated 1943, 

194T, 1951, 1955, and 1959, and by F. J. Walley, dated 1963. Sin' e 

1939, the precise levelins surveys of the Department of Water and 

Pewar have be= rerun tore or less quadrennially, and the density of 

stations has been increased steadily so that even localized chanzes 

in elevation now may be detected. The area shown on figures 8 through 

13 is determined by the extent of the detailed precise levelinz survey 

carried out in 1950 by the Department of Water and Power. 

Elevation chances detected in the course of the Department of 

Water and Power level surveys have been determined frees a bench mark. 

near the northern edze of the hills kmo= as "Hollywood 13,-11," w'nich 

in 1946 waa given the permanently assiaed elevation of 470.304 feet. 

In 1953, Eollywood E-11 was destroyed (Ilives, 1955) hat prior to its 

destruction)bench mark Pad 40-C, 33.5 feet tram Hollywood E-1.1., was 

established as a fixed elevation reference beLch tar. Because the 

elevation of Eollywood E-11 relative to PLA 404 is as=:cd to have 

r=1 unchanaed since 1953, Eollywood has been retained as the 

reference bench =I; in this report even thou& it tea been sbzndoned 

as the reference point in the Dertment of Water aa2 Power reports 

bezinainz in 1953. During each series of level circuits, Hollywood 

E-I1 has been tied to bench ralta outside the in=diate urea throes 



reobservstion of points alonc a co-atrol circuit assignsted as "level 

circuit C" by the Department of Water and Power (see plates 2 and 3). 

Level circuit C was abandoned as a control circuitduring the 1962 
w. 

surveys owing to the destruction of many bench marks along its route; 

however, points cam to both level circuit C and level circuit E, 

as sho-, in the 1963 report by Walley, have been plotted on plate 3 

in order to illustrate the general trend of mavcient along level 

circuit C since 1958. The southern reference bench mark (2=-1) along 

level circuit C (plate 2) is at the intersection of Centinela Avenue 

and Market Street, Inglewood, and the northern reference bimch mark, 

is approximately four and one-half miles north of mnil at the inter. 

section of Washington Boulevard and Vineyard Avenue (PLX-58) in 

Los Angeles. 

The relative elevation changes along level circuit C are based 

on the assumption that nn-1 has not chanced elevation (see plate 3). 

That the two end points are relatively stable with respect to each 

other is suggested by traverses completed in 1946 and 1950. The 

subsidence troughs shown on plate 3 contain SO= minor irregularities 

that resulted in part at least from local backt.rard less in the line 

of circuit (e.g., precise bench marks 29, 30, 31). 

The approximate pattern of average annual elevation change in 

the north-central Baldwin Hills for the period 1950-54, as compiled 

by the Department of Water and Power, is shown on figure 9. According 

to Hayes' report of 1955 (1962, oral corzmunication) the elevations 

of 174 p.vesice bench marks had. been established in the northern 

Baldwin Hills by 1950, chiefly within the area of figure 9. The 1950.54 
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consccuently became the first 1,, vhich t dcmcity of statl ons 

conrc.,d hien enotz,h to contour the ralativc. =,evo:a=t over the 

arca shoun. it is a,-.arcat that for tL2 1950-54 Int,erval the ilneral 

27?attern of Izzve=ent, relative to lia11yod ums nezative and 

=ore or less concentrically dicrosed around a point near the western 

of tL rzo. The .ttcrn, =ercover„ is eloncated cc=xahat 

along a northwest-southeast line routhly parallairz the axis of the 

Irileuc:*1 oil field structural do7,e. 

trproximate pattern of ay-craze nr elevation chance in 

t%e north-central BaidlAn Hills for the Deriod 1954-58, ca*iled by 

the Lerartmmt of Water and Power, is chasm on fire 10. By 1954, 

accordin3 to Eye' report of 1955 (1962, oral cazzianication), eleva-

tions had been recorded for Si.3 precise• bench mrk3 in the northern 

Baldwin aills. As a result of increase in nutber of control points, 

the 'accuracy of the isobase lines shown on figure 10 is greater than 

those on figure 9. The Gross pattern of novcmont is much the 

The for difference in the move:Lent tter= tion on fiEurca 

9 and 10 for the periods 1950-54 and 1954,.58, reLpectivay, inni,tar 

the Stocker Street-la area Avenu,e-Cver7ai11 Drive intersection. 

comparison of the survey data etowa that in this area the isobaac 

8radient increased Sharply after 1954. Althouah the graben-like 

structures defined by Cracks I and. IV is crudely reflected by the: 

1...:cbase pattern on figure 10, this relation cannot be clearly estab 

liched without Additional information. A for difference in the 

iscibase patterns between figures 9 and 10 is Show= in the wedge-shpad 
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area east of Stocker Ctreat ar2 Overhill Drive where Curing the period 

1554-53 parts of this vedLe-shaped area bean to ezpericace relative 

positive movemient at an aver'-e rate of up to +0.02 foot per year. 

Toverd the end of 1960 when it had become apparent that movement 

alcng cams of the for earth creeks was continuing, the Department 

of Water and Dower ran an interim series of precise level circuits in 

the area of cracicing. Figures 11 and 12 present two interpretations 

of the pattern of average annual elevation change for the period 1958-60 

b...7.sed on the recults of these interim curveys. Figures 11 and 12 differ 

between therxelvea only in the area extezdin3 north-northeast from the 

La Brea Avenue-Stocker Street-Overbill Drive intersection; figure 12 

Stows a trough defined by more or less parallel isobases of negative 

mvement whereas figure 11 shows a much more irregular configuration. 

Zewever„ figures 11 and 12 differ significantly from figure 10 in the 

ro area. Fire 10 shows decreasinl, sUbsidence toward the north-

northeast, whereas in ficures 12 and 11, subsidence is reprecented 

as being more uniform or perhaps increasing respectively to the north 

along a zone crudely defined by a northward extension of Cracka I and 

IV. It must be stressed, however, that this indicated difference 

between figure 10 and figures 11 and 12 does not necesvarily imply 

a change in the movement pattern between the two survey periods. 

Interr?olation of isobase lines between widely separated control points 

is a subjective process, and prior to 1958 very few precise elevations 

had bean recorded northeast of the La Brea Avenue-Stocker Street 

intercection. A relationship of possible significance that Shows up 
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on aware 12 end, to a lesser extent, on (Ica:a 11, is that a iharp 

bri:ak in the rate of vertical izsvevant varallels Crack IV, but this 

break is displaced 150 to 200 feet east rathe. than beinz coincident 

with the crack. This anomaly ray be a reflection of abatemsut of 

movement along Crack IV and the eastward shift of pore Aron aced 

subsidence. The evidence is inconclusive, but brc:Len. pavexent and 

zAzaits curbs noted. in the fall of 1961 suacest incipient cracking 

along a zone approximately 150 feet east 0 the northern reaches 

of Crack IV. 

The approximate pattern of average annual elevation change in 

the nor -cantral Baldwin Hills as compiled by the Dopartzent of 

Water and Power for the period 1958-62 is shownnon figure 13. 

According to Hayes' report of 1959 (1962, oral connurication)„ the 

elevations of 643 precise bench marks bad been recorded in the northern 

Baldwin Bills by the end of 1958, and en additional croup of stations 

vas set northeast of the Stocker 1"street-La Brea Avenue intersection 

at the beginning of 1961 (Dol;artmznt of Water and Pover, 1961, oral 

communication). In compiling the map on figure 13, points representinG 

a relativay short observation period (1961-62) have been mixed with 

those of the standard four-year observation period for the area east 

of La.Brea Avenue; there is no reason to believe that tLis dc.i.parture 

from the procedure used in empiling ficures 9 throuzh 12 has altered 

in any significant way the results presented on figure 13. The most 

conspicuou.; difference betvzen tha icobase pattorns represented on 

figure 13 and those shown o figures 9 and 10 is the sharp reduction 
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in the rate of subsidence. A second difference is expressed as au 

apparent reduction in the rate of relative positive movement, as 

contrasted with that for the 1954-58 period, in the block east of 

Stocker Street and Overbill Drive from +0.02 feet par year during 

1954 to 1958, to +0.01 feet per year during 1958 to 1962. 

CAUSE OP COMM SUOACE 1,10WIZ:CTS 

Subsidence is the dominant type of ground movement within the 

area considered in this report. The cause or causes of the subsidence, 

together with the other types of surface movements, remain unknown but 

they may be very complex. In their study of subsidence in the Long 

Beach Harbor area, Gilluly and Grant (1949, p. 488) considered four 

general mechanisms that might have induced subsidence in that area. 

The four suzzested mechanisms consist of the following: 

(1) chances in reservoir pressure due to oil operations 

(2) changes in ground water conditions 

(3) compaction of sedimentary materials 

(4)tectonic movements 

Because surface movements in the Baldwin Hills area are in part analogous 

to those in the Long Beach Harbor area, each of these possible causes 

is briefly ocnsidercd beim. 

(1) Oil field operations are considered by Gilluly and Grant 

(1949, p. 463, 501), Grant (19540 p. 19), and Plumlee (1961) 

to have caused subsidence in the Long Beach lie.rboe area. 

This concluaion„ however, was reached after a long, detailed 
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study of the sUbcarface ecology, history of cubsidence, 

and history of production. There appears to be same 

correspondence between the center of sacidence in the 

Baldwin Hills area and the approximqte center of the 

Inglewood oil field and the "mean" center of the producing 

structure (see plate 4 and ficures 3, 4, 8, 9, 10, and 13); 

any possible relationship between oil field operations and 

subsidence, however, probably cannot be firmly established 

without a prolonged, careful study of the production 

history and its relation in time and space to earth move-

ments throughout the Baldwin Hills and adjacent areas. 

A lack of quantitative data presently precludes any con-

clusion regarding the relationship between oil field 

operations and subsidence. Inasnuch as the possible 

relationship between subsidence and oil field operations 

cannot be firmly established, it is almost impossible to 

attempt to relate any of the other surface movements to 

oil field operations, for if they are in any measure attrib-

utable to oil field operations it is probably in connection 

with the sdbsidence. 

(2) Changes in ground water regimen may have contributed to 

local subsidence in the Los Angeles Basin (Gilluly and Grant, 

19490 p. 494-497). In the Inglewood area, the maximum 

lowering of the static water level between 1930 and 1946 

vas about 60 feet (Poland et al, 1959, p1. 13 and 14). 
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The azaount of subsi&.;ace in this area is thought to have 

been slight and perhaps within the limits of error of the 

precise "leveling surveys. Moreover, the near surface 

geologic formations in the Baldwin Hills area are largely 

non water-bearing (Poland et al, 1959, pl. 9, II, 12). 

However, the incompleteness of available data indicates 

further Study of the ground water conditions in the 

Baldwin Hills is needed before conclusions can be made 

regarding earth movement and changes in ground water 

conditions in the Baldwin Hills. 

(3) Compaction of sedimentary rocks is a continuous process 

attributable to loss of water and increased loading at 

the surface by the addition of new materials. No evidence 

has been found within the north-central Baldwin Hills that 

suggests such processes caused. the surface movements 

described on the preceding pages. 

Southern California is a tectonically active area, Although 

tectonic activity may be involved in different ways in the 

surface movements of the northern Baldwin Hills area, the 

evidence is obscure and difficult to establish. Cracks I 

throUgh 'V' display a pattern that seems to conform with 

that of many of the joints and faults in the immediate area; 

it is not improbdiAet therefore, that the fractures along 

which these major earth cracks occur were established by 

tectonic activity. However, this in itself in no way 
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deizonstrates that the most recent movernt along theoe 

fractures (as indicated in figures 5 any 6) is necessarily 

attributable to tectonism. Considerable additional study 

will be necessary to determine any possible relation 

between earth movement in this area and local and regional 

tectonic activity. 

RBCO=DATICIS FOR FUTURE INVESTIGATIONS 

Any effort to learn more about the character and cause of the, 

ground surface movements in the Baldwin Ellis necessarily will involve 

continuation and some expansion of the precise leveling and triangulation 

surveys no under way. Leeded in particular are many more measurements 

of horizontal move=ent and more frequent measurements of vertical move-

ment in the area within and around the zone of cracking. In addition, 

information on subsurface movements might be Obtained and related to 

surface movements throw a study of any oil or gas wells that may have 

been displaced. 

Because the area of subsidence in part coincides with the Inglewood 

oil field, a rigorous investigation of production data, and pressure 

decline, should be made and these data correlated with the surface 

subsidence. Particularly important is the rate of subsidence as related 

to the rate of total withdrawal of fluids in the oil field. 

An effort should be made to learn more aboUt the character and 

rates of strain along the or earth cracks. Ideally, continually 

recording strain auges might be installed across the cracks. Alter. 

natively, frequent measurements (employing conventional surveying methods) 
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of both horizontal and vertical mover:lent might be made between paired 

points arranzsd on olt.,osite sides aloe the cracks. An even simpler 

but less informative procedure might cloy co=e simrlle strain cause 

device for rezular, direct measurer:ants between paired points across 

the cracks; the only parameter =easurable by this technique, of course, 

is simple extension. Without =ore precise infor=tien than is currently 

available on the strain rate along these cracks, the eztablishmznt of 

any possible connection between movement and seismicity (whether 

tectonically induced or not) will remain almost impossible. Better 

knowledge of the strain rate, moreover, would help to Show whether 

the movement has been of the creep type, or whether instead, it has 

occurred as a series of very small. but discrete jumps. 

Some effort should be made to measure the =clonal tectonic strain 

pattern in order to determine that portion of the surface movements 

possibly attributable to tectonigm. This might be done- throuLth utili-

zation of the already established Cooperative Control trianzulatiou 

netvork. Alternatively, it might be implemented throudh special 

survey.; specifically desiEncd to measure any dilatation or contraction 

that might-occur alonc the more probable axes of Shortening end elongai. 

tion in this part of the Los Angeles basin. • 

-.< 
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Plate 4. Caliciae air yAloto. LiA Eills locking ol;t11-

outheast. (A) Trace "r,r-lc-zoad fc.ult; LtGcher 

Street-Lea.Avalue-Ovee-'11 Drive iLter-ectic. C) to 

11,101 lz th in7,111e; CD) ';-,rc-,4=to ozLtion 

of ycint on cro ct1 ve structural 111a east or 

the I. lewood fau1t on curface50rest above VI rs-n.- ad.o..e, 

zone (the Ilc/wood it di ctrL here); () 4xizate 

tion of Ioit o 'cuad tly above structural Lich 

vast or the Iz1coc4 r-ult az clirace 50 leet above Vic 

;„3,1:gala sow; (T) :.,==117:,_";,3 .Location of refere,--e bh 

meiLcally. Arproxi:atectcr of.=d sizlcnce 

mmeLr the Lc.laTITA 111.11,s by Lenart- t of 

Jcr vreeise lcvelira surveys cr'ducted since 1950. 

tahnrov=b , 1952 byL51?etce :Fgotca. 
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Figure 1.--Index map of the Los Angeles basin showing location of the 
Baldwin Hills area and several major structural features. 
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Figure 4~--Structure contour map on surface 50 feet above Vickers-Machado 1 

zone, north-central Baldwin Hills. 



]':igure 5. --Photograph showing extensive, locally broken, patching 

along major earth Crack I where it passes through 

school yard north of Overhill Drive. 
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Fieure 6.--Close-up photograph of major earth Crack II. 



F'j_gure 7. --Photograph of damaged residential fou11dnt1on 

lying athwart major earth Crack I. 
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San Pedro as· of June 1961, (3) horizontal movements relative to base line 
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Figure 9.--Map of north-central Baldwin Hills showing approximate pattern of 
average annual elevation change relative to bench mark Hollywood E-11. 
for period. 1950 to 1954. 
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Figure 10.--Map of north-central Baldwin Hills showing distribution of major 
surface cracks and approximate patterns of average annual elevation 
change relative to bench mark Hollywood E-11 tor period 1954 to 1958. 
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no -cen ra section of Baldwin Hills showing distribution of 
major surface cracks and approximate pattern of average annual elevation 
change relative to bench mark Hollywo9d E-11 for period 1958 to late 
1960. {Based on same surveys as those of figure 11, but reinterpreted 
by writers. ·) • • 
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