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THE GECLOGY OF THE M'RCED HILLS,
LOS ANGELES COUNTY, CALIFORNIA



INTRODUCTION

The area discussed in this paper lies in the lerced
Hills about 9 miles east of the center of Los /ngeles,
california., To the east lie the Rio liondo and the Zan
gabriel River and east of the valley containing these
rivers are the ruente iiills, The western edge of the
area mapred merges into the Renetto {lills which extend
west nearly to the Los Angeles River., The oil field,
from which samples of oil and water were obtained for
the radicactive measurements, is located along the
south~esastern margin and in the enstern portion of the
verced Hills and is called the lontebello "ield, after
the town of that name about a mile south of the field.
This gencral area has been mapped by geolorists
of several oil companies, but the information thus ob-
tained has not been made publiec. The Puente iiills,
several miles east of the lerced iiills, were manped
in 1926 by Wwalter A. Englian;/, and the Los ’‘ngeles
Region, several miles west, was mapred in 1906 by
Ralph ﬁrnoldg/. Dre. %.8.W.,koew is st present engaged
in preparing a geologic map of Los sngeles City for the
United itates Geological survey, ind will include in
it the area discussed in this paper.

Geologic mapping was done on a soale of a

1/ tnglish, . BlUEY Aes U.o.G€010iCAl LUrVey BUll. 768, 1926,
55 Arnold, Raiph, .0, GROLOFZiCAL .Urvey Bull, 809, 1907.




ihouéand fect to the inch on zn enlargement of por-
tiags of the ~ltuambra and 1 lonte quadrangles of the
Qnited states (Geological survey.

Relief in thue area manped is ap roximately
430 feet, with olevations ranging from ahout 200 feeot
at the eastern end of the ierced iiills to 632 feet at
their summit about a mile and a half northwest of the
Standard il Company's campe

This work was carried on under the immediate
supervigion of ir. Rene ¥ngel of the California In-
stitute geological staff, !r. Robley ', Evans, grad-
uate student in the California Institute physics de-
partment, extended the frentest cooperaticrn in the use
of apparatus which he was completing at the time this
research was being prosecuted. Dre. U..W. Kew, geol~
ogist with the Jtandard 211 Company of California,
extended many courtesies, especizliy in connection with
work at the l‘ontebello 0il Field, where his company
controls a large amount of property, Ilr “hite, ne-
troleum engineer at the Standard il Comrany‘'s Mon-
tebello office, very kindly assisted in the sampling,
and was of gireat help in discusoing the underground con=—

ditions and the pronerties of the oil well fluids,



Pico Formation

The oldest formation exposed in the area
marped is the Fico Formation Yy of Pliocene age. As
exposed on the surface, this consists of a series of
lizht grey to yellowish grey, well bedded, marine sande
stones and sandy shales, The base is not exposed in
the area, but the thickness has been found to be 5400
feet in the Repetto Hills, a few miles west of the
area mapped, in a section measured by Mr, Uriver of
the Standard 01l company. E/

A molluskan fauna, obtained in the Merced
#1l1s, shows »ico aflinities, while foraminifera, pre-
sent both in well cores and in surface outcrops in
the Hontebello Field, indicate the Pico age of this

formation,

%/, Clark, B.L., Jour, Geology, vol, 29, pp. 608~9, 1981,
2/ Driver, Herschel L., Holman, V.i., Ferrando, A., For—
aminiferal Section in the Repetto iiills: ks, pre~

sented before the Society of Feonomic "aleontologists

and Hineralogists, Los .nhgeles, Cal,, Dec,,28,1928,




Faunal List of Pioo Formation in Merced Hills

T31-30 T1«31 T=2~31

gastropoda;
Alectrion sp. X
Calllostoma sp, X
Calyptraea sp, X
Conus caslifornicus linds X
Crepidula princeps Conrad X
Crepidula sp. X
Neverita recluziana Petit X X
Turritells cooperi Carpenter X
Felecypoda;
Cardita ventricosta Gould X
Marcia cf. subdiaphana Carpenter
Ostrea vespertina Cofhrad.
Pecten bellus hemphilli Dall
recten sp. X X
Phacoides c¢f. annulatus Reeve X

Solen sp. X



*Saugus* Formation

Lying concordantly on well bedded ssandstones
of tne uprer part of the Plco formation is the non-
marine "Saugus® formation, 5/ & basal conglomernte
of the "Saugus®*, an erosion suriace at the top of the
Pico, a sudden change from marine conditions to non-
marine conditions, all point to a distinot time break
between these formations. The marine aspect of the Pico
format:on is indicated by foraminifera and mollusks, both
of which peréiat to within a few feet of the top.
Non-marine conditions is "Saugus® time are indicated
by poor sorting, ‘ndistinet bedding, cross bedding,
lack of any fossils except land plonts.

dince hc fosgils were found with waich to dnte
the "3augus* formation, it was possible to place it in.
the southern Califoraia stratigraphic section only by
its relation to the underlying Fico and to the over=
lying terrace deposita. It is composed of material
similar to thnt in the saugus formution at its type
section, and bears the same relation to the Fico for—
mation as that near Saugus, For these reasons it is
believed that the *"Saugus® formation in the Yerced iiills
is of approximately the snme ~ge as the Snugus formation
at its type locality.

L.ight grey to buff and ocecasionally reddish,

sandstones, shaly sandatones and conglomerates with

I/ Tershey, O.8., some Terviary rormations of “outhern
californiaj; Am. Geologist, v, 29, pp. 349-372, 1902,




sub=angular to fairlyuwellwrdundad pebblea, cobhles and
boulders, compose the "sauzus* formation in the area
mapped for this report. Cross-bedding, indicative of
rapid deposition of sediments, possible also of flu-
viatile conditions, characterizes the "Sougus® as well
as younger Luaternary deposits. Occasional thin beds
composed almost exclusively of heavy nminerals, such as
macnetite and ilmenite, were discovered near ithe mid-
dle of the formation near the rotrero CGrande, These
accunulations varied from less than a miliimeter to
about five millimeters in thichness.

Jince the ton of the "Sauzug" formation cannot
be loouted with certainty within the arez manred, the
thickness of the formation c¢an be stated onlv ap rox-
imately. ‘ssuming an averrsge din of 35 degreas for
the beds as exrosed along Garfield Avenue and a width
of outcerop of 6000 feet, the thickness in the region
would be about 3450 feet, Approximately the lower 1000
feot and the upper 1000 feel are highly conglomerntic
with occasionzal sandy lenses, while “he middle of the
formation is predominantly sandy.

The relation of the “*Saugus? formation to the
overlying Temple [ormation is obgcure throughout much
of the area because of general lithologic similarity.
The central and southwestern parta of the area nad so

few outerops that definite conclusions as to tha relations



of these Quaternary deposits were not reached. In
general, the older "Saugus® formation has suffered de-
formation to the same extent as the underlying Pico
formation, while the Temple formation has undergone much
less folding. Vhen the "Sausus®™ and Temple rormations
are in cloge proximity, therefore, the degree of folding
is generally suf icient to sevar-te them, ihen the
outcrops of the formations are over a few hundred yards
apart, however, this criterion fails, and eceparation

is practieally impossidle, although bedg deformed and
tilted to as much as 45 degrees nay be reasonably as-
aigned to "3augus® or older age. This means, th-t in
the writert's Jjudzement} post-"Iangus® olding wne not

asufficient to produce dips of over 45 deprecea,



“emple Formation

The name Temple formution s proposed for
the thin series of conglomerates and conglomeratic
gandstones which overlie unconformably the "Saugus®
formation. It is probable that the Temple formation
is anrroximately sgquivalent to the ‘an Pedro forma-
tion in age, but,in the absence of any definite means
of correlation, it is tnoﬁght desireable to give it
a logcai nanme

The thickness of the Temple formation ia
not known accurately, but it 18 probably not over a

'few hundred feet.



Recent Tearraces

Resting unconformably on the Temploc formation
is the nearly flat series of very poorly sorted conglom~—
erates, repragenting a fanglonerate, deposited in
sub~=recent to recent time by the Rio ionde and San
Gabriel river. This series forms a terrace sloning
gently southward wherever encountered in the area
pappeds It is not believed feasible to correlate this
terrace with terraces elsewhere in the general region
becuuse of the strong probability that faulting on
various blockas has resulted in widely verying eleva=-
tiong of identical terraces, The recent terraces
have undergone slight, if any, folding, but, as in=-
diconted elsewnere in the general region, have been

foulted rather extensively,

Alluvium and Valley Fill

tUnoonaol idated asaterial which has been de~
rosited in the present siream oourses is napped un-
der the general heading of alluvium and valley fill,
This series, poorly sorted and indisvinetly bedded,

is tyrically fanglomeratic,
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STRUCTURE AL GHOLODIC HISTORY

The Merced iiills are the direct result of
uplift along the llerced Anticiine during the Pleisto-
cene epoch. 7The greater vart of the movement took
place between the deposition of the" augus® formation
and that of the Temple formation, Uplift continued,
however, into the ecent,as is evidenced by tilting
of all but the most recent deposits. .3 moy be seen
from Plate 1, the Merced anticline follows the tono-
graphic orest of tnp iZerced (lills quite closely, al-
though its structural sum-it is located somewhut east
of the topograpiic summit of that rnortion of the
hills. Toward the west, tune cnticline branches, and
the topography flattens so that the geomorrhic relaw-
tions are chsacured.

After discusaing the underground structure
of the lontebello oil field with ir. whits, of the .tand=-
ard 01l Company, and others, it was decided that it
would be entirely futile to attitenpt to draw an accurate
ceolorie ciass section in the rejion; for it is the
opinion of those familiar with the undsrgzground strue-
ture,that the surface structural irregulcrities do
not extend to an ar~preciable denth. On the other hand,
the underground struetural conditicng are remariahly

uniform. They are shown in Plate 2, a copy of an



il1lustration appearing in a publication on the Nonte-—
bello field by the California State Mining Fureau, v

The westward extension of the llerced Anti=-
cline has been proved unproductive, but the southern
branch of it has developed a fairly high production.

since the various faults mapped on the sur—
face, with the exception of the north to northwest
striking one in the western part of the oil field,
are not found at any great depth, 1t is obvious that
their infiuence on o1l scoumulation has bheen negli-
gitle, The fault mentioned ahove may be found in
well logs, but apparently has a different magnitude
of throw at several thousand feet than at the surface,
it is even possible that it also dies out completely
at five to six thousand feet depth,

The structure in the northern part of the XNer-
ced hills is very obscure because of poor outerons and
the presence of much recent terrace materizl; it is
bvelieved, though, that ne major structurcs are present
north of the lerced Anticline. 3ince the depth of
alluvial £il11 and terrace material is about the same
over the whole general region, at any particular die-
tance from the Zan Zabriel Hountain front, structural
features of equal magnitude and effect should show
approximately similar geomorphic relations, The height

of the Verced iills toward the northan part of the

Cil Fields, v.5, n.ll, 1920.



area mapped is due, in very lar-e part, to differential
erosion, with the hard conglomerates of the"Saugys® and
Temple formations Iorming the crest of the ridge. The
higher portions of the hills in the vicinity of the
yontebello 0il Fiald, on the other hand, are largely

soft sandstone and sandy shale.



THE RADICACTIVITY OF THF QILD MND YWATERS



INTRODUCTION

The faot that many geologic materials contain
radionctive substances in measureable quantities has long
been recognized. The rather lengthy bibliography ap-
nended to  mbronnts text on ~eophysics 4 bears tes-
timony to this as well as to the fact that most of
the investigation ralative to radiocactivity of soils,
rooks, waters and oils has been carried on in “urope,

It nas also been recognized for some time that certain
relations exist belween the jeologic structure of rocks
and their radioactive content, Ambronn, for example,
found that an inerease in the alnha-radiation of +the

s0ll was detectable in the vicinity of faults, &/

The present investigati-n was undertnkén with
the purpose of determining whether any relation exige
ted between “he radicactivity of the fluids from oil
wells and geologie structure of the oil field, [t wns
thought desireable to invesgtisate a region in which the .
areal geology 1s well expoéeﬁ and comparatively simple
80 that conclusions as to relationshipna between struce
ture and radionctivity ﬁould be readily demonstrable,
The Kontebello oil field appeared to fulfill this con=-
«itin, and was chosen {or study. Geologic [ield work,
however, hos shown: first, tnat the structure is rather

complex in detail, and second, that the suriace geology

I7 Ambronn, hLes Llemenis Of GEODRYS.CB, 19204
/ ldem, P, MO ]




does not correspond at 81l closely with the sub=surf-oce
geolosy.

The conclusions reached, therefore, are at the
best tentative, and It is suggested that further in-
vestigation be underta-en at locallities whers thers can

be no doubt as to the geologie ralations,



THEOHY

The radioactive substance in the liquids
investigated @uring this research is Radium “manation
or Radon. This iz the firat decay product of Radium,
and has a half=11ife of 3.85 daya.l/ Radon further nasses
through several transformations, Radium A, Radium B,
Radium C, Radium C', Radium D, Radium £, Polonium, to
read (with an atom‘e weight of 206). All of these
substances, with the exception of Radon, are solids,
with half-lives rang;ing from 10“6 second for Radium C!
to 16,5 years for Fadium D. Lead, of course, is the
stable end-product of the radioactive transformation
series, The presence of these various substances
wherever Radon is found introduces very complicated
equilbrium relations, but with the technique emploved
in this regearch, their effect is negligible,
| Radon is an 1nért gas, bdling at -85 degrees
Centigrade and having an atomic weight of 2228, The
radioactive unit of Hadon is the Curie, which is thnt
quantity of Radon in equilibrium with 1 gram of Rka'ium,.
A smaller unit, the iman, is egqual to 10'6 Curie, and
the lache unit of conceniration is equal to 3,64 ‘mans
per liter.

It has been determined exnerimentally &/ that

1 Heyer, 4Les UNGQ VON ..COWEIiGLEI, fe, ﬁadioakfiv;tat. fﬁis, Ded34 ,
gﬁ Eogn, J. Lioyd, redloactive properties of rocks, soils

and waters of the Jouthern California region, p.6,:

California Institute of Technolopgy Thesis, 1928,




the maximum activity in the ionization chamber obdtains
in the period from three to tnree and one-half hours
after admitting the adon. Therefore, all measurements,
dboth calibration and determination, were made in that
pexriod. This time corresponds to the atiaining of

equilibrium between Radon and its dissociation products.
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DETERK INATIONS

Procedure in determining the adon in 211s -nd iaters,

Sampling was done in all cases directly at
the well to be investigated, Since the gas nressure
in the Montebello field is rel-tively low, rarely ex-
ceeding 100 podnds per sguare inch, the samples were
collected in an open contained held under a valve on
the pump line, For determinations of the Radon con‘ent
of the total fjuid, 2400 cc. of the above liquid were
collected and poured into a three liter Florence flask
in which boiling was subsequently done, The entire
sampling oneration, thus outlined, toox less than five
minutes. A small sample of the total fluid was zlso
taken to determine tue percentaye of water and the den-
sity of the oil.

%hen it was desireable to make separate de~
terminations of the Radon contmdt of the oi}l and water,
the fluid as it c:me from the well was allowed to settle
for about fifteen minutes in the container, The water
and oil were then drawn off separntely through a cock
in the bottom of the container, meansured and imnsdintely
tranafered to the large flasks,

The sampling flask was sealed as soon as 1t
was filled, by a rubber stopper in which were inserted
two short glass tubes terminated by short pieces of
rubber tubing, closed by screw clamps. The lower end

of one of the zlass tubes was ground at an angle to



facilitate refluxing in the boiling operation. The
stoppers were wired into the flasks and all Joints
were sealed with Ambroid cement.

The time at which the sample was taken, and
the time elapasing between taking the sample and sealing
the flask, were noted,

As soon as convenient, the Nadon was deter-
mined in the laboratory. since the half-1ife of the ‘
Radon 18 3.88 days, it is desireable to make the deter—
mination within & week in order to have an appreciable
quantity to measure, The disintegration may be sapily
computed from a table given by Meyer and Schweidler i(

At the time samples were taken, a small
quantity of pure Barium Chloride was added to pre-
cipitate Carbon Dioxide and prevent its pas:zing inte
the ionization chambere It was necessary to eliminate
Carbon Nioxide rom the ionization chamber, for 1t
would hydrolize any water vapor present and tend to
break down the ingulation about the electrode leading
to the electroscore, The insulation was kept dry by
a quantity of dehydrating agent placed near it,and by
passing all gasses entering the ifonization chamber through

a sulfuric 40id cell.



The elimination of the Radon from the sample

was performed as follows: Y
A sawnpling flask, saaled as brought in from the

field, was placed in position with one of the rubber
outlel tubes (the larger one) oconnectsd with the lower
end of the reflux column. The ontirs system, except
the flask was then evacuated with the water aspirator,
Clamp » was ihen closed, ciamp B nearly clossd, and
clamp C opsned fully, and heating was started., The
sanple was heated rapidly until it began to boil and
wag then allowed to boil as vigorously as possible, with-
out excess foaming or bumping, for ahout a half hour,
During the latter part of the boiling, clamn B was
onsned comoletely, so that equilibrium was established
throughout the systsm. The fire was then removed, and
a supply of thoroughly boiled tap waler was allowed to
enter the flask through one of the rubber outlet tubes
and completely £ill the flask and reflux column. The
ionization chamber was tnen ssaled by cloesing clamp B,
and the *ime noted,

Three hours after the above operation was
completed, the ionlization chapmber was connected to the
electroscope and the rate of discharge of the fibers

during the next half hour was observed.

1 see rialtsd O



As soon as possible, the entire apparatus,
incl&ding the ionization chamber, was thoroughly cleared
of radon by passing fresh air through in large quanti-
ties, By performing this operation immediately aftér
making the determination, very litﬁla of the Radon has
an opportunity to dissocinte and but a small quantity
of its dissociation products is deposited in the ion-
ization chamber. The presence of this active precip-
itate in the rest of the apparatus is without signif-
icance, since none of them yield gaseous products, The
zero leak of the ionization chambers must be occasion-
ally checked, for the gradual accumulation of active
products may cause a slow increase of apparent zero
leak, The ionization chamber anay be safely used for
.a determination about an hour after the preceding run
is ended and the chamber clenred, In}tnia time the
first three decay products, Raa, RaB, RaC, will be
reduced to a small fraction of their original activity.

Considerable dif{iculty was encountered in
boiling mixtures of oil and water, due to emulsifica-
tion of the oil by steam, and {oaming of the mixture.
Pure oil or water were boiled without difficulty.

It has been determined exverimentally, Y
that the maximum activity in the jfonization chamber ob-

tainsg in the period from three to [our hours after

.];/ 5p. Oito. EOH‘, * Lloy&, T 60
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admitting the Radon. There is some variation in the
activity in the chamber devending on ths time consumed
in boiling , since the decay products of the Hadon
bezin depositing as soon as some ;;as in admitted to
the chamber, The activity is quite cons-ant for an
hour or more after tha three hour neriod, however, so
the time for accumulation of activity may bde reckoned
from the sealing of the chambear. Jince the gas in the
chamber is in equilibrium with that in the flask ur to
the moment of sealing the chamber, the corractioﬁ for
dtsintegration of the emanation is caloulated from the
moment of taiking the sample to the sealing of the ion~
ization chamber after bolling.

The electroscope was charged several minutes
before readings were taken n ordef to eliminate any
error that mipzht be introduced by reactions to the sudden
movement of the quartz fidbers in charging them,

In calculating the amount of em&nation nre-
gent in the sample a2t the time it was taken, the fol-
lowing corrections were made:

a. disintegration of the Hadon during the time clap-
sing from sanpling to sealing of the ionization chamber,

b. Radon retained in the a-paratus during boiling,

c. zero leak of the electroscone~ionization chamher

system,
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Corrections were not made for the following
sourcaes of error;
ae. adon lost to the air when taking the sample,
b. “adon contained in dissolved gas,
¢. varying times of boiling, afrect ng the quantity
of disintegration products in the ionization chamber,
Zince the guantity of Hadon in the escaping
gas is small due to its nhigh solubility in o0il, and since
the gas-o0il ratios in all of the wells studisd vary
groatly, it is believed lmnosasible to take into account
the radon present in the oil well gassed. The fact
that the activity curve of the fonization chamber is
quite flat for some time after threc hours makes the

effect of varying times of bolling slight,
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APTARATUS

The avparatus used in the laboratory for
measuring the Radon consists of a reflux column, a
sulfuric acid drying cell, a mercury manometer, a
vacumn pump and an electroscope with removable head.

The reflux column, about 32 inches long, was
designed to allow boiling mixtures of oil and water,
with the accompanying foaming, without danger to the
renainder of the apraratus, Its inner tube was div-
ided into a series of constrictions and enlargements
to allow reflux action to take place readily.

In order to allow fluctuations of pressure
to take place either way through tge suliuric acid
cell, it was designed as shown 80 that the acid could
not find its way into the ionization chamber or reflux
column.,

An ordinary water aspirator was found entire-
ly satistractory for evacuating the system prior to
boiling the sample, and {or drawing fresh air through
the system to eliminate the Radon.

The slectroscope was designed by Ir., R.D.
Evans, of the California institute Physice devartment,
especially for use in determining radioactivity of
reologic materials, Y In eonsists of two parts, an

ionization chamber where the gases to bs measured

I/ Fvans, R.)., Unpublished manuscript.



2%

are placed, and a removable head, containing the
electroscope. This electroscope is efbifilar,quartz
fibver design, and will be described in detail within
a short time, by Mr. Evans. The advantage of the re-
movable head is anrarent, when it is considered that

a number of ionization chambers may be used in con- ,
junction with it, reducing the total cost consider-
ably when it becomes necessary to make a number of
ﬁeasuramente.

The apparatus for bolling the sample wae
m&dq}aa simple as possible, both in order to keep the
volume small, and to facilitate cleaning, The volume
was kent small for several reasons, First, to keep
the correction actor for the volume of apraratus
outside of the ionization chamder low, Second, to
provide but 1little room for accumunlation of the solid
d:sintegration products of Rkadon. Third, to provide
l1ittle area for absorntion of the Radon by the glass,
This last factor is of little importance with glass Y
although it is of considerable importance with other

substances, notably rubber,

I/ Curle, P., Tralte de adloactivite, p. =59, 1710,
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MEASUREMINTS

well rate Time Fluid  Emans per
Collected Collected Liter Sample

SO0B 49  5-2=31 10:02A Total 1.18 1l
50B 49 5=T=31 11:54A Total 0.97 5
SOB 48 5=7=-31 12: 067 Total 1,17 6
SOB 47 5-19-31 5:80r Total 2.47 13
S0B 28 5=26=-31 2:30pP Total 1.57 15
3CB 28 H=~26~31 2:42r Total 1,09 16
SOB 17 5=-15~31 4:30P Total 3400 7
SOB 17  5=15-31 4340? . Water 0.25 8
SOB 17 5=15~31 4:45P o1l 4.85 9
SOB 14  5=4~31 4:42P Total 0.92 4



COHNCLUSIONS.

It was believed from the first that the
large number of variable~canditians nresent in oll
wells would wmake 1t difficult to obtain comparable
results by measuring radioactivity. After a few
nreliminary measurements, samples 15 and 16 wsre
taken within a few minutes of one another, from the
same well, in order to discover if any constanoy
of radioactivity existed in a nparticular well. The
variation, ammounting to thirty peicent, disproves
at once auy ocorrelation. theory based on an assumption
of fairly constant radiosctivity in individunl wells,

zeparate determinations on the 011 and water
from the same sample were made in the case of samples
8 and 9, with the result that the o0il showed an active
ity of 17 times that of tne water, It'§3 impossible
to say whether the Radon had had an on-orlunity to
attain equilibrium between the oil and water; nrob-
gbly it had not done éo. garlier workers have pnintéd
out the pgreater solubility-of Radon in petroleum than
in water, a fact wiich the abo e figures support.

The following factors, each one of importance

in determining the :adon content of oil well Iluids, vary

independently:

&, TOtal fluid production,

R ¢



b
Co
de
e,
f.

e

Géa-oil ratio,

water-oil ratio,

Strata contributing to gas rroduction,
strata contributing to oil production,
Strata contributing to water production,

Density of oil.

If any four of thess could be held constant,

or if they varied slowly, it is posaible thaut some

definite results would dbe obtainable from measuremsnts

of

seven factors listed above vary widsly, and independent-

radon content of oil field fluidsj but since all

ly, it seems futile to expect such measurements to

lead to regults of value in correlation,
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