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‘nis lnvestig:s

=tion congtitutes an sttanpt
deternine by w@@%l@b of heavy minerals, using 8 statisticsal
approsch, the sources of HMiocene ssnds %%C%?Tiﬁ% along the
southwestern border of 8an Joaguin Valley, and from & know-

ledge of these sources to deduce infersnces regarding dis-
trivution of the sands and pgene paleogecgraphic condi-~

tions. The method of atitack ¢hosen was %o compeare heavy
mineral ass mblages of the Miogecene sands in que st ion with
those (1) of extant possibles source areas and {(2) of other

post-irancis ﬁJﬁﬂﬁﬁégm%ﬁtﬁ the sources of whiech can be more
readlily inferred. The method used for %%m@iiﬁg pogsible

source arsas was to sample fresh Recent sands from streams
“”ﬁlﬁiﬁ% hese areas. HMiocene samples were dlscreet "g spot"”
samples Considerable attention was given to development

of l@uﬂrﬁ%@?y and miey@saayié technigue. The %%@ items in
this regard whiech are considered {o represent most progress
in technique are(l) use of ruled slides for grﬁiﬁ ”Qﬁﬁ%mg
and {(2) a'm@uhﬁﬁ for use in centrifuge ﬁ@?a?& ions of heavy
miﬁ??ﬁlﬁg iffective methods of sssembling and representing

rl%m?fi@@iewL results were devized.

Four prinecipal Hiccene assemblages have been dis-
%i%gai shed. The differences between thess are confidently
considered to reflect direectly diflerence in source. Three
such sources have been postulated; one of the Miocens assenm-
blages 1s thought to be the result of mixing from two uii“
Terent sources. Interpretation of the specifie nature and
laa&%iaﬁ of these sources is, however, rendered difficultd
by the fact that the Miocene ass %ﬁwaﬁfﬁﬁ do not in genersl
sorrespond directly to those obitained from possible source
asreas, The dats are considered nevertheless to admit of
valid tentative coneclusions ipn this regard, and of inter-
pretation of differenses between Miocene sssemblages and
source-rock a&%@%ﬁiag@% on the basis of differential mineral
decomposition. Thus it is tentatively coneluded that the
three sources mentioned were: (1) & land area consisting of
Praneisean rocks and posi-Franciscan, pre-iiocene sediments,
and p%yéﬁpg some granitic roecks, lylsg northward and west-
ward from Coslings, whieh is supposed to have siisted during
most or &ll of Miocecene time. (2) San Andreas Islasnd, whieh
name is ziven by the writer to & supposed Miccene land mass
lying along what is now the southwest base of the Temblor
Range, along the Szn Adress Rift, snd composed of & distine-
tive type of gy@ﬁiﬁa overlain by metamorphics and ssdiments,
{2) Perhaps other, probebly low-lying, short-lived, sedinment-
blanketed 133ﬁuﬁa iﬁ the #Hiocens seas generally waﬁt of San
dndreas Island., IZxpectable distribution of certaln Mioccene
sands is inferred from these ralsogeogravhic considerations.

Considerable knowledge has been accumulated con-
cerning the general heavy mineral constitution of basement
rocks {Francisean and Lvaﬁiiie and pre-iiogene sediments,
by the analys®s of possible source-rock destritus.



SOURCES OF MIOCERE SEDID

<

(STERN SAN JOAWUIN VALLEY

By Willard A. Findlsy

INTRODUCTION

The problem forming the basis of the present dls-
sussion was undertsken in March 1938, under the Standard
01l Company of California Hesearch Fellowship in Geology
at the Californie Institute of Technology. The purpose of
the investigation was, as indicated by the tltle, to deter-
mine the sources of siocene detritus ocecurring in the
southwestern San Joaguin Velley. The ultimate objectives
were of course establishment of direction of transporta-
tion, and therefore the probable distribution of the
detritus, and paleogeographic conditions in general.

Two brief reporis on the investigation have been
made to the Standard 01l Compsny by the writer previously:
{1) Report of Progress, dated October 8, 1938, and (2)
Summary Report on Study of Sources of Miocene Detritus in
Southwestern San Joaguin Valley, dated HMarch 28, 1939
The present report is designed to cover the investigation

s a whole, It will include a1l pertinent data of the

previous reports. In addition to setting forth discussion



and conclusions, and such dats as muy be necessary for an
understanding of these, ceritain dats will be included for
purposes of record,

Inasmuch as the location of the area involved in
the study, as stated in the title, is well known to Call-
fornia geologists and evident from any map of Californie,
there is no necessity to deseribe it further than to say
that it lies in central Cslifornia, between and inecluding
the vicinities of Coalinga and Maricopa. (See figure 1l.)

The problem was limited to ‘iocene, and parii-
eularly to Upper Miocene, beds in the loeslity mentioned
for several reassons: (1) It was desired to include an
areal exitent sufficient so that differsnces in source might
be expectable. (2] It was proposed to 1limit the sge-range
of beds ﬁt@ﬁié% 80 as 10 avold mistsking vertieal varia-
tions for lateral ones, and further becsuse available time
regulred limitation of the field. {2} The problem was of
sconomic significance as applied to these beds. {£) 1%
WES aaair@ﬁg incidentally, to provide s check on Reed's

conclusion that "the spparently tensional disstirophism

2ed, F. 2., and Hollister, J. ©., Structural evolution
Californis, p. 40, 1836,

of the beginning of the ilddle iiocecene affected chieflly

the Franclscsn areas, whille the later, apparently compres-

e

sional disturbances chieflly affected the granitic aress,.r
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The writer's procedure in sitacking the problem

W Y s - A T AP TR BT - B R P
has besn to sesk Lihe means ol finding the answer

tc the probler. methods and practices used in the in-
vestlgation have been adopted from ithis viewpoint, without

particular regard for conventional methods of study in sonms

{‘3

of the fields involved. The point of view adopted in dis~
cussion and conclusions is 1o state these definitely and
elsarly. Although it is believed that considerable pro-
gress has been made, 1t 1z realized that much further dats

7111 he regulired for final solution of the problem. Con-

segquently most of the conclusions reached are 1o be con-

gidered as tentative. They simply represent the hest

Judgment of the writer on the basis of the data at hand,
it mist be understcod that because & conclusion is con-
clsely statsed does not necesseril, imply that it is regasrded
a3 ultimate knowledge or sstabllished and inconirovertible

fTaot.

Tiled with the Livision of

ol the Institute 81 the conclusion
{1) field samples and refsrence

slides of minersl grain samples,

graphic representations of grsin-counts end most other

significant data,
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vk, and to

Ian Csmpbell Tor direct supervision of the work and
reporte snd many helpful suggestions. Appreciation is
dus to the Standard 01l Company of California for sponsor-

irvestigation. In

bBarbat, in charge of the geclogiecal staif at Talil,

whole-hearted cooperation and aid are aoiated,

3 .

Thanks sre also due to Lr. ¥. N, Bramlette, of ithie United

States Geologleal vurvey, for his kindness in checking
over much of the minerslogicael dsila and oiscussing at

length many phasses of the problem, in respecet to some of
which his Tirsi-hand experience is much grester than that

of the writer.

The litersture coneerning the present problem may
considered uncer two eategories: (1) papers desling
th the sedinments ﬁﬁﬁﬁi@% in the oresent investigation,

%,

and {&£) literature having to do with the study of sources



e

R. b, heeq has contributed more extensively to

any other person.

the study of ss

His interest in the petrols Ualifornian sediments has

extended over & period of meny ysars Those of his con-
tributions whieh heve a direct bearing on %the present
problem are as follows
Heed, H, L., Bol: of heavy minerals in ithe Cozlings
Tertlary Tormations. Teon, Geol., Vol. 12, pp. 730-748.

1824,

Reed, R. L., iley, J. P., Bubsurface correlation

Yet, ;@Gl@,

by mesns of heavy minersls.

11, pp. 308-3 1827,

H. L., Geology of Californis. 1933,

Reed, H. U., and Hollister, J. 8., Struetural evolu-
tion of Couthern Celifornia. 1986.
M., N, Bramlette has recenily published an important
paper dealing with liocene sediments in the region of thre
pressnt study:

cremlette, i, k,, Heavy mineral studies on correlstion

of sands at Lettleman dills, California.
Fet. Geol., bull.,, Vol. 18, pp. 1558-1576. 1954.

4 short paper by L, W, IHoots has to do with

eralozieal data from the Jheeler Ridge arsa:

Hoots, H. V., Heavy-mlneral data at the southsrn end

Valley. amer. assoce. Fet. Geol.




DRDSTS mublished which are
primarily concerned with the soureds of Ualifornizn ssdili-

] , . ) . <t
ments; among these are contributions by 4. 0, Woodford

14% u{}&ﬁ Ye %
@?3@in. J 8
??a Emé/:f}mw

nature and
ina 3 {}13 :i»i.ég

there ars numerous papers having to do with the geology,

stretigraphy, paleontology, ete., of the beds investigated

in the present study. Yhe more compreshensive of these are

[

contaeined in the rHulletins and Frofessionsl Papers ol ithe
3

U. . Geologleal curvey .

¢ Anderson, Hobert, Geology snd olil re-
I aiings gistri ¢t, California. U. &. Geol.
wawﬁgy %mlie 398, 191@

srnold, Relph, and Johnson, ﬁw
the kaitzyzﬁ%»;uﬁng 811 regic

2

Lounties, Cslil g, 5. Gaol.

repori on
1 Iuis Cbispo
3 x“’z'éf;}

Anterson, Hobert, .
ossible oil reso zgé
Velley, Cs1if., U,

l%%ﬁma
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191-815. 1916,

Callr. U.

bl

#ith

other areas

Coswell, !
a series of essays

the previous litsrature very
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e ey

rehall Tormetion of
@@ pp. 92-112. 1933.

tion "was derived chiefly from laurentian and huronian rogks

wly

)
B

L Luocas” ocopcluces: TThis

charaster of ithe f@ﬂﬁ@giv&giaﬁ

S T
cBein. sBUT. o840, 5

during opringey aml s5ubs

arbucklie dountalns, the Criner Lills d other possible up-

1ifss burled bensath voungse ooks as the souwrege of the

sedlimenis.”

derived from presxisting sedimenis,

Astons In
1888,

& .
Tyler, S.
Wisconsin,

{&» 82 ).
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"The Jordan snd Franconis sandstones asnd the Qranto

any material to the 5t, Peter.

gy

arkose supplied 1ittle if
The Bayfield and Hinckley sandstones and the Barron
guartzite may have Turnished sands o the 5t., Peter,
whereas it 1s probable that the ki, Simon sandstone snd
the Huroniap guartzites served either as a partial or
entire source.” This asuthor obtained interesting datas on
the ultimate source of the detritus by study of inclusiocns
from guartz grains. He concluded that this ultimate source

: £ ' 5 _
M. H. stow has recently studled the Oriskany

wtow, darcellus H., Conditions of ssdimentaztion and soursces
of the Oriskany ssndstone as indicated by pwtral@gy” hAmer,
Assoc. PYet., Geol., Bull., Vol, 22 S41-564. 1938,

sanistons,

e gy ] Sic B Was
RETHOD OF ATTACE

When the problem was first surveyed, it arpeared
that the most profitable method of attamck would be to com-
pare the materizls of pebbles from the Mioccene beds in
guestion with the pre-iiocene rocks which crop out st
present in arsas which might have served as sources of the
getritus. However, ithe literature indiecsted thatl the beds
to be investigsted would be found to contain an entirely
insdeguate amount of conglomeratic materisl for such an

attack, Conseguently it was decided that s study of the



iz

sands of these beds, and in partlcular the hesvy minersls

of these sands, would probably furnpish the simplest mezns

of espnprosching the problem.
Therefors the originsl method of attack was
slmply to compsare heavy minersl sssemblages from the

o

“iocens sszuds in guestion with the assemblsges found in

existing ereas of pre-iilocene rocks which might have served

ag sources of the dilocene delritus. & glven Hiocsene as-

i’?’*«

semblage would thus be presumed to have been derived from
,10

that one of the potential source-rock %5%@&4%%@ assemblage
ef-whiek was most similer.

Two sssumptions were inherent in the supposition

bt

that a given Hiocene sssemblage would show direclt similarity

to that of the pre-iliocens rocks now cropplng out in the
ayrea from whieh 1t was derived., One of these was that the
rock now cropping out in a possible source sres 1is essen-
tiglly similar to thst in the same area in Miocens time,
The fact that Miocene rocks how lap over these possible
source rocks indlicated that this asssumption was & valld one.
The results of the lnvestigation alsoc appear to suppori
this,
ihe second assunmptlion was that diccens assen-—

blages, as now found, are similar to those sf the rocks
from which they were derived. The investigation has indi-
ated rather definitely ithat such similarity is normally

gonsiderably impaired by differential decomposition of



12

Y, rur oy d s gewmgn 1 gm0
’gf’ﬁ%&?g minerals of

disappearance of less stable minerals, sueh as amphiboles,

sumption, i1 became necessary tc zitempt %o evalusts the
changes undergone by ithe dlocene assemblsges since removal
from their source. The princlessi underiying such evalua~
tions has been to study the present differences betwesn
certein assemblages and those of their sourece rocks, in
cases in which the source csn be inferred with reasonsble
certainty. In other words, the prineciple is to compare
Mipcene mssemblages ol unknown sourece with others {Miocens
and older) the source of which is comparatively well known,
assuming that sssenmblages from the same source have under-
gone simllar changes and will therefore appear similsr,
inssmueh a8 extensive changes in heavy minersl
omposition cue to differentisl minerasl decomposition were

net snticipated st the outsel of the investigatlon, samples

suitable for the purpose of eveluating these changes are

w

not sufficient for a2 elose evalustion. However it is be~
lisved that a close study of the sssembled date haes shsad
a good desl of light on the matter, as will be discussed
below. %ere the invesitigation to be carried further, con-

siderable effort would go toward study of sueh "type™ sanples.



i4

Lesoriptions of sample localities are detasiled in
witations regarding lo-

ouallty and stratigrevilice position or souree~-rock, &3 ihe

case may be, are given in Flate 1. {Flood iimerals Chart).

seeticon are indisated on 111 {Gerneralized Sketch of

#ioecene Stratigrephic Section zlong Southwestern Margin of

San Joaguin Valley). 4real distribution of the samples is

indicsted ipn fTigure 1, Logsality ¥

%ﬁ&

diocene Samples

Hioccene sand samples were taken either from out-

crops or Trom well cores. 43 regasrds outerop samples:

. 1 .
They are "spot™ samples as contrasted with "composite”

o, G. H,, The sedimentation unit and its use in field
1},:;233‘?’@ afi}%i‘f"@ {:’@ﬁiﬁ 2 w‘j{}},m ’{é«% 5 ?@e é@@m@ﬁza l%gaﬁ

samples, In the case of indurated ssnds they are ordinary

idated materisl,

Jood

nand specimens, In the cease of unconso
they were taken from s volume (in situ) not greater than

2

about 1/4 ocublc foot. Sample loczlities were chosen and

taken b, the writer. Areal and stratigraphle posi-

tioms of the samples were established by vw. I. Darbatl.

d ks

and are presumed to be "spot” samples also.
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»

source-areas for tie idicegene beds in guestion. This would
entall as extensive & program ss possible of traversing

CEE ang ﬁaigﬁﬁ%iﬁ@ incividusl oy com-

jo

Tock, ich would be erushed anp
thelr heevy minerals concentrated. UFowever, the magnitude
of sueh & task, 1f 1t were to be carried far enocugh to
afford any adeguate ides of average composition of the
hesvy mineral assemblages, was soon sapparent. On the other
hand, 1t oecurred to ithe writer thet samplss of freeh
Recent safds of stresms draining large aress of such rocks
would econstitute reasonably average samples of these rocks
over tos whole dra ﬁég ares ol the glven stresn.

Uonseguently, the following method of sampling

pessible dioccene souree-rocks was esdopted: In & given

Lacd

!»“%

arainage system o point was chosen upstream from which pre-

iiocens rocks of only one type {or possible two, such as

Franeiscan and Uretacsous or granitic and locene ) were in-

cluded in the draimmge area. Such points were eLosen with

the aid of the Californle ftate Geologiesl Map (1938), 4t

w2
r]

w

f:”i&
atd
&
)
g

any o

km%\

specliie method

£y
=
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however, used the

literature, L. O,

j}ﬁi}%.&ﬁﬂ

iards, L. C., Pliocene Qﬁ&giﬁméfﬁiﬁs of %@@ Los aAngeles
sin and their paleogeographic signif ¢ Unpublished
%n esis, Cslifornie Institute

piing source-
¥ the present in-

rocks is better adapilec for the purposes o

vestigation than any other. ZProbably s sample taken in this

g

way does not represent & perfectly irue averags 0f ths
parent rocks, since differentiasl decomvosition may have afl-
fected 1t; and since probably rock-types at the headwaters
of the drainsge system are under-represented compared toc rock-
types dreined by tributaries entering immediately upstream
from the sample. Other feclors probably detract from the
perfection of the avsrage, However & sample taken in this
manner is probably more closely representative of the Mio-~
cene detritus derived from the given rock then sny other
since they were both derived from the parent mass in the
seme way.

Lt is znticipated that the method may bLe eriti-
cized as being unduly susceptible to effects of contamina-
tion by detritus from lioecene or posi-~Miccene rocks, whieh
may have been derived Ifrom source-rocks foreign to those
which it is desired to represent by a given sample., Sugh

sontamination would obviously tend to glve a faise picture

of the composition of the soures-rock soncerned. The basis
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would presumably be that the State

Geologiecal

fur: ibﬁ rells

sush contaminating deposits.
been borne in mind during

however, and it is the writer's

present investlgation have not,
affected by such contamination.
lief are discussed below in connection wiih the Francisesn
sour ce-rock asssemblage

In 81l sampling, mediunm to Tine grained sands were

3

thought this slze

chosen insofar as feasible, since it

2

range would be most comnonly avelleble snd most gonvenlisnt

for the oropossd laborato work. in some gases, however
Gp 3 3

coarse sands Or even gravels were sampled. All gamples

yielded sufiicient meterisl ol =100 «150 mesh size for
eavy miperal snalysis., It was not neceszary to resort to

crushing of original grains in any csse in order 1o obiain

narticles oi the desired size.

OCEDURE

AND MICHOSCOPIC

48 noted above, it wss proposed at the oulsel of
the work to approach the problem by means ol study of heavy

minersls, Ther

s

fore the primary objecet of laborstory and
mieroscoplic prosscdure was elwsys segregstion and analysis

m

of these. However, at the beglnning of the work it was



N

s 9 gy gy
TEE3

w2
D8

¢

3
)
[
e

g;”?w.

it

gy

G

@
aped

53

4 e s
T the

thad

enled

o
2
@
o
F4
o
o
&

ion

inavy

1LY L e

'}é

is objles

sirab

upt of

mi

large a

ia

ional

ent

sony

@
@
)
b
]
=
o
&
Pt
i



ﬁé @%@r used in medieine snd iﬁéu%t?ial
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. 21., pp. 286-230. 193

Tfor mineral grain counis., The principal idea involved wes
to developmend some method whereby every grain on a given
mioroscople slide could be counted, if desired, and this
without dasnger of counting some grains twiee and with
minimum expenditure of time. The great value of gounting
grains as contrasted with gstimsles is probably not open %o

2 3 F P By 9% . & o %4 &?
guestion as & means of eliminating the "personsl eguastion.™™

ruling the slides at sueh zn interval (0.17) that two



servetion under the high-power ob,cotive without loss of

gontinulty of the count, or loss of time. 7The rullings have
the Turither advantage of alffording & means of conirol in

the grains on 2

oy

gase it is desired to count only part o

riven slide; alternate lanes may be counted, or any number

¥

€3

of lanes 1n sny order desired to obisin & probables aversgs
count o1 the slide, » number of methods of so ruling the
slides were attenpted., The most sabisfectory rulings were
obtained by coating the slide with paraffine, s¢fatching
tie desired rulings in tvhe c¢oating, and etching with hydro-
fluoric meld, The rullngs were scratched in the paraifline
by mesns ol & c¢rude lnstrument made by mcunting a row of
sharp-pointed pins (0,17 @part) in & sheet mstal frame, the
pins being capable of independent psrallel movement, and
cughioned at their tops with stopper rubber. Olides could

be rulsd in thig way on about £ or L minutes

each, in lots of & few dozen. Ho such ruled slide is gonm~
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desired rulings was by the use of an ordinary rubber stamp

designed Tor the purpose, vreferably with a gulck-~drying

stamp-pad ink such as is used commercizlly for stampling

are satisfactory

bottled and canned goods. These rullnes
for Canads balsam mounts. They may be dissolved by certaln
immersion licuids or piperine.

The sscond of these improvenments in techpigue was
made in connection with the use of the cenirifuge in heavy
liguid separations. The exireme increase in sharpness of
separation obtzined by use of the centrifuge as compared

with use of the conventional funnel arrangement has been
demonstreted in practiee by other igveséig&tgrﬁ@l The

s

et

Tyler, Stanley, snd Marsden, Halph %., 4 discussion of
some of the errors introduced in sccessory mineral separa-
tions. Hat. Hesearch Council, Div. of Geol. and Geog.,
Annuel Hept. for 1936-1937, svppendix ¥, pp. 4~15. 1937.

Berg, Ernest, » metnod for the mineralogicsl fractionstion
of sediments by mesns of heavy liguids and the centrifuge.
30{1}‘; ;weiip gjﬁ%s 2 ?Qlo ?fy@ ?”‘ bi”iﬁéa 1{351?’

mathematical basis for this increassed accurascy 1is readily
apparent from the centrifugal force formula. Whether this
extreme sharpness is reguired for ordinary heavy mineral
work will not be argued here, In any case, no method des-
eribed in the litersture for removing either light or

heavy fractions from the vessel in which they were separated
by centrifuging can compare with the simplicity and esse of

manipulation obtained with the ordinary Tunnel arrangement.”

2&@11%@?9 E.;a ,éla 2 {}g; %i%a 2 EE@ ’i};ﬁé
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Host of ths methods deseribed  for centrifuge separations

L s . . L , .
KErumbein, w. L., and rFettijohn, ¥, J., ¥apusl of sedinen-
tary petrography, pp. 340-342., 1938,

are unwieldy or intricate or regquire very specisl and ex-
pensive spparstus. The nmethod devised by the writer avoids
all these objectionable features, to his own satisfaction
at least, and is nesarly as simple and clean in menipulstion
28 the funnel appasratus. The method consists simply of in-
serting & glass tube into an ordipary %oil tube" {dandard
centrifuge equipment) containing bromoform, adding the mimsral
grain sample; centrifuging in the ordinsry way; then decant-
ing the aceumulated heavy mineral fraciion through the tube
by connecting this to ap Erlenmeyer flask which is placed
under & slight vacuum by means of sn ordinary asspirator
(see figure 2). The glass decanting tube 1s cut %o a
length sufficient to sllow it to protrude about 1/2" or
more from the mouth of the oll tube when resting on the
bottom of the latter. Capillary tubing is the most satis-
faectory for this purpose, but the diameter is not a ms jor
factor. No specisl egulipment is reguired. 4 glass tee in-
serted in the siopper of the irlenmeyer flask snd connected
with the aspirstor serves as & valve for regulsting the
vacuum, the free end of the tee being opered or closed with
the finger. 4 penell clip is used to fasten the decanting

tube to the lip of the oil tube. This is done imn order



LIQUID
LEVEL

~-HEAVY MINERALS

x/../(;HT MINERALS

CENTRIFUGE  APPARATUS
FOR HEAVY MINERAL SEPARATIONS

O HOWN DISCONNECTED AFTER TRANSFER
OF HEAVYY PMINERALS

Figure 2.




to avold the decaniling tube working out of the centrifuge

tube during centrifuging. {4 tube of ordinary gla will

w
o

of ﬁé“?ﬁw float in bromoform.; Many different methods of
gentriluging were trled and discarded before discovering
this very satisfactory method.

in all sexperimentstion in laborsitory methods snd
egulpment the fundamentsl imvortance of avolding varistions
in trestment of samples which might result in variations of
heavy minersl snalyses was borne in mind., It is believed
that sueh varistions were successfully asvolded, since
different samples in a glven assemblage, as indicated in
Plate 11, were run at different times, and yet show no sig-
nificant variations in assemblasge. 4 useful check in this
connection might have been 1o run a‘@$ letely indepsendent
eanalysis, using the llnal procedure descrived below, on om
of the samples Tirst anslysed. However, observations of

the charted duta noted atove are believed to justify con-

fidence in this regard.

Final FProgedure

P

A detailsd outline of procedure in lsborstory snd

microscopliec trestment of samples, ss finslly used follows.
The term heavies will be used to designste a8 concentrasie of
mineral grains of specific graviiy grester than that of

‘bromoform (2.86); likewise, lights will serve to designate

EEey

concentrates of speecific gravity less than that of bromoform.
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The prese is limited fto = deserliotion of the
variocus steps in the procedure. Diseussion and comment on

he procedurs Tfollows, in the section designated "Discussion

in Plate 1, ineluding sample number, loecality, description,

deseriptlon of the sample, ete., ZEnter further

data as obtained according to the following proeedure, in-
cluding such date @s percentage Callz (see below).

{2) Split bulk sample (as takern in the field) to laborastory
sample of esbout 150 grams and disaggregete same with mortar
and pestle to nass 9-mesh sereen; {avoid erushing any in-
dividual+9-mesh detrital particles, whieh diseard;. {(In
case total bulk sample is less than 100 grams, use all for
laboratory szmple except about 15-20 grams, which retzin as
refersnce sanple., File refsrsnce sample., In case the
laboratory sample gontains no oll, treat as per (2] below.
IT it contsins oi]l, progeed as follows: Flace laboratory
sample in 300 ec. Irlsnmeyer Tlask and cover with mixture

; . W . N L1
of 50% petroleun sther and 50 gzrbon disulfide, Llose

i [T T 7o F¥ % o . L oo . . »
Tickell, ¥. G., The exanmination of fragmental ronks.

Tlask with cork stopper {rubbsr will dissolve) and 2llow to
stend, with oceasionzl sgitation, Tor several hours or longer.
wash by decsntation with the mixture menticned, %o remove

iy

fines {about =-2B0-mesh) and most of the oil., ¥Wash into



£y g
z
& wd

mizturs &ﬁti&\ﬁﬁkﬁ%ﬁ%iﬁﬁ ooeurs in the

with shove-

sshings. mple from funnel onto paper towel and

gir-ury; or rewash with acetone and then water snd treat

directly, without drying, as per (&) beleow. (Drying tims
J 3 i

{Z) Place laboratory sample from (2] sbove in 800 ec.
peaker and add 250 co. of water. Bring 1o gentle boll on
not plate. 4dd slowly 50% HCL by burette until efferves-
gcence subsides. Then add an sdditional 50 ge. HC1 and boil

For 10 minutes. If the sample is non-effervescent simply

B

0 aa, H01 and nholl Tor 10 minutes. Hote total HL1l re-

?i‘:

ndd

i;‘?e

gquired to eliminste effervescence and calculate (roushly,

t of laboratory sample, total HCL as

Cal0z. The purpose of this ealculation is merely to obtain

an estimete of the proportion of calcareous cement present

{4) Remove Trom hot plaste, dilute with water to 600 e¢ec.

snd decsnt HOL apd fines. Hepeal dilutlion and deecantation

after degantation:

.

boil for 10 minutes {or leonger, if brown fumes excessive).
(5 A6¢ 25% HaOH until vaslc resciion is obtained with red

litmus paper.
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iing, 4 deseription

aonly used in
foraminiferal lsborstories, consis ting essentially

. . \ oY’ X
motor=-driven, rubber-coveresd ?Qll%fﬁgAtﬁﬁ of and be-
tween whieh glass jars (l-pint Meson jars) containing
sample and = tumbler rotate. The tumbler (see figure 3
in the present cese, designed and made by the writer,
consisted of sn elliptie=zl gylinder of brass tubing

{1 1/2" round tubing, deformed %o elliptical cross

L2

section) filled with lesé except for the volume of s
3/4" hollow bress tube pleced within the larger tube
at one end of the major axis of the ellivse., The

tumbler was covered with close~Iitting radistor hose.

bue o the unbalanced eccentric shape of the tumbler,

1ts motion inside the rotating glass jJjer is nartly ons

1
;ms
o *4

ipping and partly of rotation. It was found very

effective in disaggregating detrital particles,

{7) Wash out fines (about-260-mesh) by decantation. Wash
with water into screened suction funnel [mentioned in [(2)
above). Wash until clean., Transfer %o psper towd. 4any
gﬁﬁiﬁﬁ adhering to wel funnel or soreen can be removed
washing with scetone and dryluog by suction, 1f desired.
aAir=-dry the sample.

{8) Screen with Botap shaking machine through 60-mesh and

150-mesh Tyler Standsrd 5% sieves for 10 minutes. {(Two



{7 ap7 80 s £
SIS B Y

Fleure 3,




27

o

separate sets per rTun of 10 minutes, two screens, pan and

¥7

€

over per sat, separated by o7 copper plate with rims on
both sides. ) Iurmy 811 material erxcept -80 +150-mesh grade
and file as "laboratory Sample Heslidue.'
{9) Perform bromoform separation on =80 +150-mesh grade ss
follows {four samples ner run, with centrifuge having
d-place head, for four tubes):

{a) ¥Fill centrifuge tube (sse figure 2, left] to

asbout 75 ec. with bromoform. Iinsert decenting tube

sunging 1l of ecentrifuzs tube.

with penell elin e
{b) 4dd mineral grains, or split sa=zple of ssme if
total amounts to more than about 20 grams. (The method
of splitting used 1s to pour the sample in a pile

etly over the

el
b
®

&

iieh overlaps s

top sheet wiith asopre

{e)} Centrifuge (with Internationsl iguipment Co.

Size 1, for asbout 1

minute a8t sbout 1000 r.p.m. Stop centrifuge and

tube, Re-

ol glass tse,
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(b} ©Split -60 +150-mesh heavy minersl erop on glass

plate with & razor blade to sample containing about

45%@@ or 4000 grains snd file remainder. IFlace sanple
in 1¥ {dismeter, scrsen stack with 100-mesh and 1o0-
mesh screens (plus cover and pasn) and shake by hand by
striking bottom on metal block and rotating. (The
block need not of course bz of metal; but the lattier
provides & sharper shock.)

{o) Transfer -100 +l50-mesh heavies to surface of
cold belsam on a cover glass., Dliscard other slizes
unless they represent total remaining heavies, in which
case Tile. Brush heavies on balsam surfece into rec-
tangular area occupying sbout 1/4 area of balsam, nsar
middle, with camels-halr brush.

(d) Place cover glass with balsam and heavies on the
filter paper covering hot plate, by means of & cover
glass Torceps, and heat until heasvies sink into melled
balsam, Kemove cover glsss snd cool.

{e} FPlace ruled slide {see page 19 ), rulings upward,
on hot plate and heatd,

[f) Take cover glass, with grains embedded in balsam,

in cover glass forceps, balsam downward. Touch one

end of cover glass to slide, sund when balsam bexins 1o

melt, lower the glass slowly onto the slide as balsam
gcontinues to melt. Hemove slide from hot plate with

foreeps. York excess balsan out from under cover glass



(11)
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at same time dispersing gralns evenly on slide, by
pressing and sliding cover gless with handle of
camels-hailr brush or some similar object. If cooling
of balsem is too rapid, 1t may be rehested on hot
plate; but ocare must be used to avoid overhesting and
production of bubbles,

{g) Place steel bleck {about 26x30x10 mm. ) on gover
glass while balsem 1s stil. fluid, and allow to cool.
(L] Clean off excess balsam with knife, wash with
xylene and tissue paper, nunber slide with diamond

stylus.

2ke besvy mineral count ss follows:
{(a) Count 1C0 transparent grsins only. About 7

"lanes” will lle within the width of the cover glass;
traverse these in the Tollowing order, counting the
lanes from either side of the slide: 4, 2, 6, 3, b,
1, 7, as fTar as may be necessary 1o obtain 100 c¢clear
grains. In case cursory exsmination indleoates thet
more than 100 clear grains per lane are present,

count only the graims in halfl or & guarter of esgh

anes parallel to their length,

ot
{13

lans, splitting the

iect of these details of proce-

)
¥
Bl

by imspecetion. The

zge representation of

dure is to obtalin the best ave
the slide., Inter count date on tally sneests as per
figure 0. Observe the following pdnts in msking the

count;
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. s - e
1. Exelude mivaes Trom the eount.

o, Count specles only, noting varietal peculis~

rities, under "Hemarks".

5, fHaeke no <listineflon betwesn bassltic and
ordinary hornblende except &g noted under
"Hemarks®.

4, Count gugite and glopside as augite.

5. Count all glasucamphiboles as such, noting

crossite under "Hemarks" when present.
{p} In esse the full 100 grains are counted, percent-
ages of individusl specles are given directly. In
case less than 100 grains are avellable, caslculate
percentages on the basis that totsl grains counted
squals 100%, noting totel number of grains counted
under "Remarks”.
{c)] Estimste, by scanning the whole slide, lsne by
lane, the relative percenteges of biotite and musco~
vite, on the basis that bicitite plus muscovite eguals
1000,
{d) Xote such items =zs estimated percentage of
ppague and sliered material, ete., under "HRemsarks”.
{e] Transfer all sigrnificant count dats from tally
sheets to 27x8" [illing cards as per Plate I, com~
pleting graphic representation, ste.
{f) Compare assemblages by fastening cards to draft-

ing board in overlapping relstlions

b

portion showing.
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Piscussion of ‘rocedure
The fregusnt use of deecantation methods in

laboratory procedure is oractiecally nscessitated by con-
siderations of time. Decantatlion is undesirable from the
standpoint of eliminating the "persconsl equation”, but csn
be used guite suceessfully for purposes of the procedure
used in the present investlgsiion. The mpeihod used hers
was simply to estimate by eye the maximum particle size
degunted. tersening, subseousnt to use of desantation
methods, provided a gheck on the aceuracy of the latter.

) 1
lMeasurement of settling times was herdly werranted by re-

1. L o L L. .
“Hrumbein, W. €., and Pettijohn, . J., op, cit,, pp. 118~
124, 147-180.

guirements of the present problem, and in any case %ﬁui&
nave been 4ifficult of spplication in that solutions and
mixtures involved in the decsntation processes varied
widely in physieal properiies.

The use of funnels with bulli-in screens eliminsted

much time in operations which would otherwise be carried

put with filter paspers. In large-sesale laboratory work it

might prove preferesble, in the case 07 heavy minersl filtra-
tions, to use suffielently large batteries of funnels {and
filter papers) to avold wssting time reguired for filjra-

v

tion and drying.” The grest sdvantage in using large

g%iiﬂ@fg H. B., 0p. 1%,




. o A R Y ) I
numbers of Tunnels is=

lot of funnels

while another operation is being carried out on & second
ol tie operaior’s time. Howsver,

acreened funnels have been found

The removel ol viscous peiroleunm from core
samples was found to be 2 very tedious process at best.
The mixture of vetroleuwm efther and carbon disulphide was
very effective (no other effective washing medium was
found), especislly when used with the sereensd funnels
mentioned., The latiter permitted effective finasl wushing.

Time and trouble could probably be ssved in
step {3) by adding the 1 to the water-covered sample while
cold instesd of boiling, until effervescence (if any) sub-
sides; then bolling for 10 minutes.

The objeet of trestment with NalOH is to avoid
attack ol jJjar 1lid and tumbler in the washing ma¢ ine by

acia, If this eguiprent were acid-~resistant this step

£5

could be elimineted. However, the time consumed 1s little,

end it is thought that the weskly alksline solution is
effective in cleaning up the detrital grains., The slkalinity

iz not sufficisnt to affect silicate minerals or glass Jars

t0 appreciable degree,.

Serubbing of some sort, of the sclid-~trested sample,

is necessery to eomplite dissggregation and clesning of



or most cusges. This 1s done by Lhend by

many workers, bul the washing mechine would undoubtedly
pr@%é to be indispensable in large scale efforts. The
machine coulc no doubt bhe improved,

The use of a double set of screens with the Ro~
tap shaking machine represents a saving of time over the
usual practiee of running one set 2t s time., It is believed
thet the ordinary Hotep machine could be guite easily
asdapted for running four separate seis at the same time,
This would obviously represent s further saving in time.

The cen rifuge apparatus described sbove has
moved very sstisfasetory. 1t is probably true that for
general hoavy minersl work with sand-size materisl the in-
creased agcuraey of cenirifuge seperations over the conven-~
tional funnel appsratus is not reguired, ¥Whether ihe
centrifuge would prove more economical in large-secale
laboratory work than s battery of funnels is problematiscal,
Certeinly the ceniriluge method would reguire less hesvy

Liguid Tor 1 &t the same rate of sample output. The

immense advantage of the gentrifuge in work %it* gilt and

¢clay~size material cap herdly be guesticned.

A considersble amount of experimentation was dome
in the matter of preparing Csnade bslssm mounts of heavy

minerslis, The two faetors most difficuli to eontrol sre:
(1) avoidance of bubbles in the bslsam and (2) uniform

disperslion of the grsins without undue loss of material
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filowing out Irom unaer the cover glass with excess balsan.

iwe the writer

o
@
oy
By
@
@
L

Ihe method deseribsd aiove is the mos
was able 1o devise. 11 was guile ssiisfasctory.

Canada balsam was used rather than kollelith or
piperine mainly for the reasons thal the bmalsanm is readily
obtaineble and thet much of the determinative eriteria from

the literature zre more easily applied when the mounting

oo

medium has the incex of balsam; for instance, Tickell's

H

ables, The more constant indey of kollo~

b

identification

1. - .
Tickell, ¥, G., opn, git,

1ith 1s probably not an imporitant item, Bs comparsed with

balsam, 1n work such a- that of the present investigetion.

Ay 2

Fiperine, by reacon of its relatively high index, might

23]

prove tc be an effective mounting medium; however, the
dispersion effacts obtained in its use might prove to be
more of & handleap thsn an advantage.

The rdhod used Tor splitting down heavy mineral

concentraetes to samples for mounting is rapid and is thought

to be reasonsbly sceourate. To obtain mathematiesnl accursey,

2

however, a sample splitter such sas that of 0tto® or Went-

L5

“Otto, G, H., Compsrative tests of several methods of samp~
ling heavy mineral concenirates. Jour. Bed. Pet., Vol. 3,
?E}Q gg“‘;;’?u 1%3?}@
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worth, be regulred
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.
7 % £ L e e
wentworth, die g BIG ROUGH, sl ey &
rotary ty r. Jour. Sed. Pst., Vol. 4,

?}’tpé 12’ ’?“""}.a,y ;

a by of the sleves,

lathe from 1" brass tubing

with 1/18" recesses at top snd
bottonm below, was made in two

r with the soreen belveen

provided an external V-recess into which the sereen pro-

trude and into which golder woz run., These offer s

very effective means of screening very small smounte of
materisl. The reason for originslly sizing the sends %o
=50 +150-mesh snd subseguently sizing the hesvies with 17
sereens to =100 +150-mesh was that some of the core samples
were smsll, snd 1t we: thought that they might furnish in-
sufficient materisl of the latter size for asnslysis, in
which cese resort could be made to the larger grains with-
out repsating screening and bromeform separatlon on the

Laboratory Sample Fesidus. ilthough heavy mineral concen-~

“{«

trates were indeed very small in some sases, 1t did not

prove necessary to use the larger grsins. In continued

e o)



practice, it would no doubt prove practicable to use
large enough samples 1o insure =

of the desired size Tor counting

gould be orisinslly sizsd to 100
gave time.
1" sereens are useful also in such work ss is

represented by the "Check Counts” of Plate I {bottom of

-

chart

In discussing methods used in meking heavy
miperal grain counts it will probebly be advisable to nmen-
tion some of the basiec ldess involved in the writer's
cholece of these. 4s has been mentioned above, one of the
main items in the viewpolint adonted in the work was to use
the simplest methods by whieh 1t was thought a solution of
the probler might be found. It wss therelfore decided io
work with mineral species only, making as close an spproach
to statisticsl methods as possible, and to avoid attemptim
to deal partieuvlsrly with varieitsl charsciers. Hesort
could be made to these letter in case the propossd method
did not sufilice.

The guestion of whether 1o ms<e estimsies or

actual gounis was decided in Tavor of
reaszon thet, while within the linits of any ons man's
work ecomparison of estimated assenmblages msy be gulte

valid procedure, it is probably rot toc bs expected that



R
i

the csse

maintained during the work,

to eliminate the personsl

element from the results. Therefore, while 11t was reslized

that asctual counting be slower in the earlier stesgss
of the work, 1t was thought worthwhile to attsck the
problem in this wey, with 2 view to developing ways and
means whereby actual counts could be made with a8 rapidity
copparable or egual to that sttainable in making simnle
estimstes., It wss with these considerations in mind that
rather extensive experimentation with ruled slides was
carried out. It is believed that these glides revresent
considerable progress in the desired direction.

The procedure of using permanent Canasda balsam
mounts wa: adopted rather than that of working with tem~
porar. immersion oll mounis by reason of the obviously
great sdvantages of nermanence. The original sllides could
thus be filed and referred to at any moment. Recounts
conld be made with 2 minimum expenditure of time. lere
again the thought was to c¢choosse ihe prooedure waleh of-
fered the most desirable features, other than that of
speed of operation, attenpt to develop a teechnigue

sufficiently ranid to justify use of the more desirable



1

o

s e & & 4 i
] = o &
£ ok o fot

£ o

ay.
ic
t
&t
o
evoly-
i
rE-
V.

%

™

iy
et

4]

%

{:'24
%
whiah

7 ) = o o o & ey i
- & ; £2 i et 40
- b @ o 2 s i

£ &l @

%4
of refrgetion.

ar grains onl

o
; 1

i e~ L) i @ m 8 %
@ o @ @ i 2. ; 0 j LI
&4 e £ e $ ] " % o o
i [ o e ed @
& P k%, % w 7% ,w
[ o & & o w
o & g &
G ot £ o k"

d upon thess Bite

100 cle

-
2

@ K e el & ]

i i @ [ 1 B ‘ i)

et e € wd i 45 £ e &
fae [ £ & e

depe
a8
it

Bmlerosco
indicate th

r

e
atter,

A bt
o . Gt e
e 1 :

sus epnloyed mu
sount ing of
&

r
gquires menticn is thet of sounting

B £

& e @ 5 oo o ey

i @ & w =

bl o @ 42 @ ey =

& o o Ea a e

S : & o o oee

e} & = £ e sk i @ )

bl . o B e g .
* O T e o =3 & o @
s 0 @ @ o £ Gk @
o R 63 By o @ £ =3 4
£ & Lo & W e " @ @ o @ s
L& o B b et e o et <t} 3 3 o & o




41

progedure. Concerning the counting of only 100 grsins of
the transparent hesvy minersls, the number wass limited %o
that figure becsuse it is btelieved that 100 is sdeguale

to yield percentsge data of sufficient accuracy for the
present investigation, Confirmation of the adeguacy of
this procedure would now appear to be forthecoming in the
cbzervation that more accurate percentsges would apparently
furnish no more effesctive a picture than thst represented
by Plate II., Further, as regards the "Check Counts™ of
Plate I1, these are taken to indicate that no errors in-
herent in any part of the procedure employed, including
grain counts, are suffigient to minimlize or vitiate the
conclusions drawn from ithe dasta. In dher words, the
plotted duta from sny one of the samples of the "Check
Counts”™ zppear io be sufficiently similar to warrant con-
fidence in the methods employed. 4 further consideration
in limiting the counts to 100 grains is that the limits of
error of this method are probably well within the range of

those of field @@mp}iﬁgﬁl

, LAeeurasecy in percentage representation of
freguencies. Nat. Acasd. Z6., Proe., Vol. 17,
1931,

1ﬁ%yﬁ%mi A, L
heavy minersl
pp. 233=-E38

w®

Tre fect that s nunber of the counts were made on
fewer than 100 graips reguires notice. The ressons for
fewer than 100 transparent, nop-micaceous gralns being

hat the samples

g

svailable in these slides ares mainly: (1) %



contain & very low percentasge of heavy minerals, or (28
that the percentsge ol opsygue minerals in the samples is

very high, or (3] that the field sample was small. TFor
various rcasons, a considerable degree of gconfidence was

felt in the validity of these counts., However, it wus
realized that, to the general observer of these data, the
inclusion of counts based on fewer than 100 grains would
probably ssem a guestionsble procedure. lost of these

sounts included about 50 or more gralins; but some included
fewer than this., Two of the samples were bssed upon ex-
tremely few grains: & in the case of FB0-38, and 14 in the
case of 784~538. These figures might well seen ridieulously
low to the reader. Therefore these two concenirates were
resampled and regcounted in temporary mounts. In the case

of ¥30-38, 100 grains were available in the recount; in the
case of ¥84-38, 78 grains were avallszble in the slide. 1In
both cases the pereentage of opagues in the concentraite was
estimated to run over 90%. The recounts checked surprisingly
well with the original counts. Conseguently it is confident-
1y believed that no significant errors have been introduced
into the date by reason of too few grains having been in-
cluded ipn any of the counts. The counits of the two sanmples
mentioned are revresented in Plate II among the check counts

in confirmation of thess conelusions.



& i”?’
E 2

i

The order in which the lsnes of the ruled slides
ware counted wss deslaned to glve the hesl sverase repre-
sentation of the concenirate,.

iticas were sxeluded from the count beecause it was
believed that their relative sbundance among the transrarent
minerals was ol comparatively litile szignificance, sxcept

2

insofar as they might be rare or sbsent. HMHoreover, in much

f%“’

of the materizl the miess were of such great sbundance that
inclusion of these in the counis would have effeciively
"flooded out” the other minerals, whieh wmould be highly un-
desiravle, another very major fasetor in the decision %o
exclude the mless was the fact that these, by reason of
thelr specific gravity being near that of bromoforn, nay
remain with the light minerasls in one case and setile out
with the hesvies in another ease; their fregquency relative
to the other minerals counted would therefore vary snoma-
lously. However, it was thought that the ratio of abundance

of biotite to muscovite might be of interest, and so esti-

mates of this ratio were made, 48 will be noted below,
thnis ratio has apparently proved to be significant.
The 5"x8" deta cards, as per Plate I, were de-

signed by the writer. The objestives were: (1) to obtain

s means of essembling coneisely sll pertinent data; (2) to

i

ineludes at the same time & condensed, graphic representa-

tion of the hesvy mineral dasta, &nd this in s mesnner such
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that these dats ecould be readily compared; and (3) to pro-

vide for resdy refsrence to the dals by msking them easily

o

@mﬁﬁéyzisiﬁ to filing. The deslign worksd out has proved to
be very sstisfsctory. In use, in comparing assemblages,

$the complete graphic data for each assemblage requires a
space of only 17"x8", which feet obviously allows of compari-
son of large numbers of counts within s oomparatively small
space, and pernmits effective visuslization of the data.

The effect obtained is that of having the data &1l -lotted
on & eontinuous sheet of ecross secetion paper, HNevertheless,
these csrds represent s first attempt. HMany minor ltems
whereby the design could be revised to the end of improvim
its usefulness have been noticed. Among these are: (1)

"Sample No,”, "Slide No,”, "Loeallty”, ete., could be

placed in the same solumn as ” ALS", with corres-

EY

ronding descriptions onlyv in the graphic column. (2] "Sp.

Gr. greater than 2,.86" should be inserted directly under

VY A1S8Y colunn ocould be

narrower. L(4) 4 speciml {logarithmic 7] plotting scale
should be used for "Heavy dinersals in Total Grains.,” It
is believed that this design, preferably revised, could be
used effectively in coordinating data from great numbers
of samples.

A8 8 Tinal remerk in comnection with procedure

B 2 ., g ‘ o P oy 4 s ¥ oo
in genersl, it is desired to mention here the writer's
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vinerals 1% fTeasl
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sections and type assenm-

cursory exsmination in temporary

glassification of daia.

Justification for the considerable time and energy

datn, Sueh procedure would

permit of rapid

be well to repeat that the

spent

on development of techniogue in lsborastory snd mieroscopie

work and the matter of assembling and gravhiecally represe

ing data, as well as the present extensive discusgion of

erv%
i
&
$"’“ o
L)
s
I
ad
g..gi:

in sedimentology 13

along these lines.
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endent on progress
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The object of this

picture of the veptieal and

of the poene beds slong the

hart 1s to furnish 2 rough
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Positions of samples anslyzed are only roughly

gshown. For instance, the fsct that most of the

samples are plotted toward the southssst ends of the

lensing sendsg bse no signifiesnce. The relative vertiesl

oy

e

distribution of the samples is only roughly indieated.

The Stevens sand sanples (Fl44-38, Fl45-38,

L v

since they wers

¥1l46=38) are not indiceted
tak-n from the Ten Seetion Tileld, whiech lies in the south-
¢ ntral part of the Valley, well removed from the gensrsl
line of the strztigraphic section represented (see figure 1).

, 1
The stratigraphic terminology is the?! of Barbat

We Fsy, oral communication.

— e

PR - " B " . ;
and Reed and fpollister, This no doubt vcorresponds to ihe

Reed, H, L., zand H

by loeal petroleum geologiste. The terns

will probably be understood by ithe reader insofer as may be
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{a) amphibole, including actinolite, hornblends,
tremolite.

{b) Lpldote, including clinozoisite, epidote,
zoisite,

{e} Glaucamphibole, including erossite, glau-~

gophane.

-

{a} Pyroxene, inecluding sugite, diopsids,

enstatite, hypersthene, spodumene (/.
The chief justification for this simplifiecstion is
considered to lie in ths cbservation that there ap-
pears 1o be no sssignable significance in differential
digtribution, smong the samples studied, of the

minersls of sny one group, except as noted below.

)

This observation of course arose from the study of the
assembled graphice data of the filing eards, It will
perhaps be desirable to discuss the wvsrious groups
individually in this regsrd.

The other amphiboles seldom occur separately from
nornblende, These all grade into each other, Irom
colorless to deeply colored varieties; and from
fibrous to non-fibrous varietiss. Sharp distinetion
between varieties could perhaps be made with detailed
study, but such was not considered desirable in the
present investigation. Detailed study might reveal

that tremolite and actinolite are more prevalent in



Franciscan sourgss

hornblende is usually the dominent ityoe, large counts

and precise optical determinstiorn would be imverativs.

s

Colorless anphibole {iremoclite) was found to occour in

notideable guantitiss in sonme granitic samples, how-
ever,

The epidotes are giniler to the amphiboles in

these respects. Common epidote is the dominant tyvne.

Me

It is very wvariable in 1its optical properties. The
other epidotes seldom occur gmﬁvy wdently of common
epidote; end sppear often to gra%@ into the latter.

ein, detsiled minerslogical study would be rejgulred

iiferentisl distribution

£

to establish eny signifiecant
within the group.

Of the two gleauesmphiboles recognized, glauco-

La\letf < Qoxxi?’&?)

phane 18 the dominant ?yp%a ¥ & very wide margin.
Although the two minerals are considered by some work-
ers to be difficult or impossible of distinction in
grains, the writer has found that they are often
guite reamdily separable on the basls of optie orienta-
tion, if not on the basis of color and pleochroism,.

48 a matier of personal interest, many checks as be-
tween the two minersls were made in the course of the

work., Crossite was Tound ito be comparatively rare,
and of no apperently distinetive distribution. 1Its

rarity would in any case eliminate it as & basis for




any valid conelusion in this regard, without detailed
work.

The case of the @yf@ﬁ%@%ﬁi% somewhat different
than the preceding ones,., Insitatite wass rerely found,

and may in fact have been beitter

o

lasgified as hyvers-
k1

. . . L . .
theme., 4 spodumene~like mineral wsas found in econ-~

1zn§%x of refrsction spprox.: L1.670> K > 1.658, The
oceurrence of spodumene in this conneetion (Fraznciscan
detritus) mey appsar anomalous. However, it is re-
gorded {rom the west side of San Josguin Valley by

: el

R, D, Heed and J, P, Beiley, op. eit., p. BE3.

)

glderable percenisge in sample F78-38, slthough it was
counted as sugite, as was diopside-like materisl.
There remsins the guestion of the desirsbility of
lumping sugite and hypersthene, having grouped all
nyroxenes under ihese two names. ‘There is of course

s wide gap optically between the two groups, &s con-

5

trasted with the amphibo

0

&8, 40 general, there is

F..J‘

also & wide gap between the two groups petrographicslly.
The justificatilon for grouping in the case of these two
therefore rests solely orn the supposition that any
differential distribution between them is of no signi-
ficence in the present problem. It will t herefore be

pertinent to list the ratios of percentsges of augite

to hypsrsthene in 2ll Fresnciscan gnd Nioeene samples

in which wither was rscognized. These ratios are as

follows:
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Sample

i

=
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i
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S
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FB31-28 4/
Fl49-38 1/
¥147-38 5/2 (%)
F1sz/38  8/0
Fis0-38 1/0

o g

/ =
z TG =58
/80 144-38
/ e
0
!j

)
I

3

Fle7-58
Fl31-58
Flag-58
F1204-38 2
F118-38 18/10
¥116-38 12/0

F137-38 45/0
FB4-3 51/0
F141-38 57/0

F1ll5-38 3/0

5 T42-38

s

-
i s, O

Within the limits of the dste furnished by the present
investigation, thersefore, the only significant sug-
gestion to be derived from differentisl distribution

of the pyroxenes would pear to be that, as between

samples containing sugite only snd others contesining

both smugite and hypersthens, the latter were derived

from uiablo Range Franciscan (szmples F78 to Fl16 in-
clusive) as aginst derivation from Franciscan of the

goastal regions (samples FL37 to ¥1l1lE inclusive).

The implication would be Franciscan derivation in

sither case. However, @xa&i&%@@i hes raised ithe

1
. ; 5 s
dramlette, 4, k., oral communication.

ypersthene Tound in later

o

guestion as %0 whelher I
Tertiary sedimenitis of the Coslings region may not
have been derlved from Slerran andesites, This gues-

$ion will Le considered below.



would be:
bole

Amnh

andalusite

The rare minerals would be:
Broockite
Corundum
Kyanite
lLawsonite
Monazite
The fleood minersls, as groupe

often in very high percenltsges.

minerals, glaucamphibole showed the

3,

pereentage among the

the other hand, none of
ever ogcurred in high percentage,
centage in any

wasg next

of

highest. )

Futile
Sillimenite
Staurcolite
Topaz

idosrase

the Tlood

samples studied: 445,

sample was shown by rutije: 8x.

The sicessive
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gap in range of maximum freguency bestwesn the two
groups 1s therefore evident.
These filgures are further emphssized by the fact

thet the flood minersls eonstitute 98,00 of all

greins {except micas,; eounted in 8ll B9 samples {ex~
glusive of the check counts of Plate 11).

tern "flood mineral” is consldered to bhe

defined, for purposes of the pressnt paper, by the
foregoing discussion., The terr is used in the

literature difTerently by different authors but

e
ot

ways denotes minerals ocecurring in abundance, as

i
. . . ik
sontrasted with “"rars mipnerals.”

¥rumbein, V. C., and Pettijohmn, F. J., op. 8it,

The rare mipersls were sxcluded from the chart
mainly for the following reasons: {a) Their fre-
guency ranges wers so small as to indicate nothing
more than presence or absence, (b} The presence or
absence of any one of these species could well have

resulted from, ss well as freguency Tiuctustions

peen unduly sifected by, ssmpling and counting errors.

o

e B

i

o datz at hend suggested that the presencs or

st
By
s

ahsence of any of these speciles was diasgnostie in any

e ks .
way &s en indiestion of source,



5
Bd

in the Toregolng the writer has gone lo con-
siderable length 1o demonstraste that no signiilcant data
among %%&ﬁ% obteined nzve been minimized or discarded in

compiling the chart. 48 e maitter of faet it is the

writer's beliel that no justifieastion would necessary
other than that the date used, regurdless of how much
might have been disecsrded, should furnish a picture upon

-

whieh logiecal conclusions regarding the problem at hand

the addition of 4ia-

could be based;
carded dats would not change the picture in sny signifi-

cant respeci. For instanee, in a similser study it might
prove to be the case thati a treatnment ol the samples as
functions of three species, say sndalusite, asugite and
zircon, as independent variables, disregarding any other
minerals present as confusing to the d:i:ta, would be the
most advantageous @r@cé&urag In the present csse, the
most convincing justification of the grsphie method used
appears to the writer to be simply the fset that grouping
of the dates throughout the ehart iz & strikingly marked
festure, aznd that it does present a logieal picture,
regardless of whether or not complete interpretation of the
picture can be made at present, Hhether or not this pic-

ture is the true one can not be finally proved or disproved

at the moment. TFuture investigation will probably answer

this suestion.
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Garrol, D., R ding the results of heavy minsral snalyses.
Jour, oed. Fet., Vol. 8, pp. 8=9. 1838,

pressed sbove.
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the graphic portiocn of the chart:

Fercentages of individual "Tlood minerslis” are

calculated on the basis that the total of these

100% {exclusive of t

miess). Thet ls, percentages as

it

plotted, from gmphibole to zirecon, inclusive, should total

100% fTor sny glven

the smaller percents
icth of a column

2

flocd minersls) eguals

0
1005 esch small division horizontally (rezd ascrg¢ss column)
egquals 10%, except for the "% Heavy Hinerals” column. The
range of values in percentage of hesv, minerals (from =zbouw

0.01% toc over 10 reguired a spesisl method of plotting,

i’i’é

the units of which are notod above ithe head of this column.
Percentages in the "y Muscovite” column are estimated on

the basis that bictite plus muscovite eguals 1004, as



blank space in this column indicztes 1004 blotite, no

mieas rare or absent.)

samples are grouped as

"Recent Sands™ from possible source areas, and as "Miocene
Sands”, the sources of which are in guestion. The case of
samples F100-38 and Fl01-38 reguires special notice. These

two are Receni sand samples i

i

ken from streams draining
Mloeene outerops. Hence they were taken in the same msnner
as the source-rock samples. 4ll other Miocene samples are
"spot"” samples, as discussed earlier in this paper.

Under "Hecent cands™ the samples are grouped

acecording to type of souree rock {Franciscan, granitie,

Cretaceous, Hocene)., Under "idiocene Sands" the semples
are grouped according to thelr Tlood mineral assemblages.
4 Turther note is reguired concerning the usage
of the term "granitie”. This ferm is employved in the »re-
sent paper ito refer to the plutonic "basement eomplex”
which coustitutes the main bulk of the Sierra Nevada, and
to all similay rocks, including those which oceur in the
Cosst Banges. OScaltered masses of ancient, pre-intrusive
rocks {gneisses, schists, etc.) are included in the term.

The intrusives are of course rar

31}

ly 1T ever true granites,



counts”, constituting the lower porition

mede Tor the -urpose of checking various

Tirst Z& of thess were made on 7

sing grains of different sizes obtained

in different ways, as noted on ithe chart. In some of these
samples different counis represent sepsrate concentrations,
run individuslly in the laboratcory. The counts of these 7
samples used in the main body of the chart are repsated
smong the check counts for purposes of ready ecomparison.
These detas ere taken to indieate that those of the main
body of the chert are free from signifieant error due 1o
allowed veristions in laborstory and mieroscopie technique,
The four lowermost counts on the chart are pre-
sented =s a2 check oh expsctable varistions due to counting

very small numbers of grains. These have been noted above.

MINERATLOCICAT

yﬂ

imphibole., The amphiboles recognized, ezclusive
of the glaucamphiboles, were hornblende, actinolite and

tremolite, Orsen hornklende wesg often found helercgensously

3

the brown veriety. The green variety was most

éi‘.b

o

mixed with

P

it

sbundant in granitic assemblsges. Apparently continuous

gradation betweer the two types wus the rule; the two were
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not separated in counting. OSsparsticn of the two types
might have offered significant dsta, but a detasiled
nmineralogical study of these was not considered adviszble.
The presencse of blue-green hornblende in some of the
granites was & very noticeable femture. Uetsiled study of
this item might be also of velue in extended study of the
problem. Tremolite ant sciinolite were found to grade into
each other and into hornblende, differsent grains displaying
varyling degrees of ¢olor and fibrousness, 435 has been
mentioned, tremclite {colorless amphibole) was found among
the gfaﬂiﬁi@ samples as %el} as in Franelscan assenblsges.

Asndalusite, The oeccurrence of this minersl in
guantity in some of the ilocene assemblages 1is very
interesting and unexpected. 4 comparatively few grains
displayed marked pleochroism in red shades. Jost were
colorless.

Enidote. Among this group clinozolsite, common
epidote and zolsite were recognized. A4All gradations be-
tween the three were apparently present; trat 18, grains
with characteristics intermediate to th%s@ of the three
aﬁi&fﬁgg;% found., Within the category of material classed
as common epldote, wide varistions of color, birefringence
and pleoghrolsm were observed.

Garnet. DLifferent varieties of garneil were not

distinguished in counting except to make genersl notes
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regarding the presence of the green garnet discussed by

Bramlette.  4is noted by him, this variety is apparently

1. . e X ) N s
Sramlette, . N., Heavy mineral studies on correlation of
sands at Kettleman Hills, Californis. Amer. Assoc. Pet.
Geol,, bBull,, Vol. 18, pp. 1559-1576., 1934,

confined to Franciscan rocks {(among source-roeks). Further,
it seems probable that the mineral is more or less confined
%o the highly serpentinous facies of the Franscisean. Sesrch
for spinel indicated that, if present, it was difficultly
distinguishable from garnet. If spinel was present, it was
counted as garnet.

Glaucamphibole. A4As previously mentioned,

glaucophane and erossite were distinguished, the former
being by far the more sbundsnt. It was found necsssary to
exercise some care in distinguishing between glaucamphiboles
on the one hand and blue tourmsline and blue hornblende on
the other hand. The distinction is usually simple (by

optic orientation, sign, extinciion angle, sbsorption
formula, etc.), once the necessity is recognized.

ryroxene. Auglte and diopside were not separated;

both are probably present, but ell sueh types mere counted
e o a .
28 auglte. ¥ide color ?&?iﬁ%iﬁﬁﬁi&f% noted. 4 spodumene-

like mineral {discussed above) found in considerable

guantity in one sample wis alsc called augite.



Hare grains called enstatite are probably better
classsd as hypersthene. The lstter freguently showed
merked pleochroism, but not invarisbly.

Spheneg., Great varlatilons in color and pleochroism
were noted in this mineral also, & notable feature of
sphene was what appesred 1o be an extreme degree of altera-
tion in some samples, especially those derived from Creta-
¢geous and Hocene sourege-rocks, These samples contained a
high percentage of light brownish opague materisl, some of
which exhibited transparent edges of sphene, of which the
opague materisl wzs therefore supposed to be the alteration
product, It is possible that the reverse is true: namely,
that the sphene is the altersation product of the opague
material.

Tourmaline. 7The only noteworthy Teature of this
mineral was its variability in color and pleochroism. The
blue varieties were at first confused with glaucamphibole.

Zireon. In contrast to most of the other minerals,
zireon displayed no varlstions, Founding of the zircons was
nowhere marked, =1though some from the GTZ sands showed &
certsin smount of wear.

iieas. Varlation in the relative amountis of
musgovite and biotite proved to be an interesting Teslure.
(See Plate II.) Mo definite conclusion regsrding how muech

of the muscovite may be of secondary origin is forthcoming.



However, it may be sald that the general physical sppearance

nornblende sltered to chlorite, inieresting for their

peeudomorphous nalture, were noted,

fransiscsn

The

f*’i’f

most striking fTeature of the Franciscan sssen~

blages, as m=

the merkedly

gh percentasges. Ilowever, bramlette”

§w§~

P

i

Bremlette, M, N,, oral communication.

tion as to whether these pyroxenss (espeecis 11y hypersthene;
are indigenous %o the Irsncisesn rocks, or whether, on the
other hand, they may have been originally derived from
Lierran sndesites, and may therefore be present as the
result of some sert of contamination of the present Irap-
ciscan samples., 11 the pyroxsunss 4o represent such contani-
nation, then obviously they msy constitute & misleading
indlestion of source when Tound in Kioscene sediments.

The writer belisves that these pyroxenes were

ndeed derived from Franciscan rocks, buit since the guestion



merit discussion

The most convineling svidence available Irom the

in supnort of this belief is simply

the cherted dete, showing the striking spd consistent

S w . o - . g E QPO o, 5 B e gl ;
pyroxeres are so cherascteristic of the Franciscan ssmples

and s0 uncharacteristis of
souree~-rocks in the same general region appear to the

riter in themselves to constitute very scnvineing indica-

?%@ original basis for considering that the
detritus of these samples was indesd wholly or largely of
Francisean origin was, of course, as mentioned previously,
the dats of the California Stete Geoleogieal Map., It is
unguestionably true thet the dsts of this map are not surfl-
Tigcliently detciled to allow of any certainity that unmapped
areas oi contaminasting mesterial are not oresent within
welons mepped ss Fruneiscan. Bul thet unmapped sress of
contaminating rocks of sufficient bulk and similarity to
furnish the supposed francisecen esssemblages with the
pyroxenes shown should be present comsistently within the

widely scettered Franeiscan sreas ssmpled, and yet not be



writer to be highly lmprobable.

These ponsiderstions are instaneed ss follows:

The Chualar Canyon and Pescadero Creek samples (F1l32-38 and

ot

1130-38) of the granitic suite are located voughly on a

¥

line between the Francisesn ssmples from Puerto Creek and
Paeheeo Creek (F78~-38 and F129-38,, on the one hand, and
from Arroyo de la Cruz Creek (F1l37-38, on the other hand.
{See figure 1.) The Puerto Creek and Arroyo de la Cruz
Creek Franciscan samples ars locsted ebout 120 miles apart,
with the grsnitiec samples lying between. Yel the Fran-
ciseap ssmples fall niecely into thelr sulte and the
granitic samples into theirs. %ﬁ% pyroxenes are present in
marked sbundance in the Francisesan samples, while the in

tervening granitic samples contalin negliglible amounts,

oo

The supposition thst the pyroxenes in these sanples repre-

sent contaminaition would seem highly improbable to ihe

writer, in the light of the Tacis enumerated, Simlilar con-
siderations apply to the source-rock suites in general.
That some of the sourcs-vrock samples do ipvolve
contemination is obvious from the data of the State Geolo-
giesl Map. That this contaminstion 1s of no significant
effect is believed to be svidenced by the fact that the

with the others

ek

sasenblages oF these sanples it in wel)
&
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is underlisin by Cretsceous and
roughly 10w» of the drainage area 1s underlein by Pliocene
sediments. Yet the snslysis fits in with other Franciscan
analyses very well. 7This is the more surprising in view
of the faet that the Francisean rocks, ss mapped, consti-
tute but & small psrecentage of the drainage ares, most of
which is underlain by Cretsceous beds., There would seem
to be two factors mainly seccounting for ithese iscis. One
of these is that the Frencisesn rocks in general show a
higher percentage ol heavy minsrals than samples of sedi-

ments. Therefore the Francisean sssemblage might be ex-
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dsta indicate: (1) considersble amounts of gernet in boih

of these; this 1s largely the green uvarovite of %raml@%%%;l

Bramlette, M. ., Heavy mineral studies on correlation of
sands 8% Kettleman hills, Celifornis. Amer. Assce. Pet.
‘S’%Qlw % J%%Z}«l@ 9 ‘g‘{}i» 3‘/{:59 _?;Ee 13@’9“12}?%@ l}gf}%a

{(2) the presence of an abnormslly high percentage of glau-
camphibole in one of the samples as compared to the Francis-
can gamples as s group; (3) the sbsence of pyroxene in one
of the samples and its presence in small percentage in the
other. These two samples are maerkedly exeeptionsl as com-
pared with the group as & whole, with the possible exception
of sample F1l31-38, in whieh also s high percentage of glsu-
camphibole will be noticed. INow, if these two were to be
taken as typleal of trus Franeiscan rocks, then it would be
obvious that the pyrozenses are not characteristic of these,
and that something is very wrong with all the other Francis-
can samples. However, it ls the writer's impression that
the Idria mass 1s pot typleal of Franciscsn rocks as a whole
and that these two samples are in Tact what they appear to
be: exceptions which prove the rule. That the Idris mass
is markedly different ig field =spect from outcropping
Franciscan rocks =28 a whole seemed obvious from cursory
examination during the collection of samples. That this
mass repressents the exception and not the rule appears to

the writer to be & wvalild conclusion Trom thesze Tield obser-

vations,
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Two further festures of the Franciscsn sssem-

bleges remain to be mentionsd., The first of these is the
- I . _

rarity of absence of the micas in s8ll s=mples bul one.

The second festure is the consistent presence of amphibole,

for the most part in substantisl percentages. The am-

phiboles range from brown and grsen hornblende through

sctinolite to tremolite., The most noticeable Teature of

these 13 the predominance of brown hornblende in sonme

samples.
Granitic

The most obvious Testure of the granitic sssen~
blages as a group is the generally overwhelming percentsge
of amphibole., This is for the most part ordinary green
hornblende. However, an interesting blue~green variety,
sometines exhibiting blue tints to a marked degree, was
found particulsrly in the sanmples from San Emigdio Creek.
Micas are ordinarily supersbundant in these samples.

Biotite is mormally greatly predominant over muscovite.

The San EZmlgdic Ureek samples are notable exeepiions to
this rule., 7The presence ol an unusual percentage of garnetl
in the Grapevine Creek sample may be mentioned.

The ls Panza granitic mass, represented by the

Pozo=-Ureston samples, Fll28-38 and Fll3-38, is indicated by

&)

the charted data to be strikingly sebnormal as compared to
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the other grenites represented. The presence of predominant

vergentages of

feature., This is Turthef discussed below., The Ls Panza

granite will be referred to in this paper as sbnormel
granite. This usage is thought to be justified by the data
of Plate 15, just mentioned.

The general uniformity of the granitic assemblapes,

5

from the Sierra Nevadas through the Bap Emigdio Region to

the central snd eosstel Coast Ranges, is s marked fesiure,

the Is Panza mmss excepnted.

Cretaceous- opens

These twe groups of assemblages will be discussed
together, beczuse of thelr similsrities in many respects.
The most merked fesiures of these, as derived Tronm
the chart {(Plate {1} are: (1) generally high percentsges
of garnet and sphene, (2) sporsdically high percentages of
epidote, (%) more uniform distribution of tourmsline and

zircon, in higher percentsges, then in any other group of

s0Ur ce-rock zssemblages, (4) seamrecity or absence of am-
phibole. 4As bLetwsen the two groups, the most noticeable

festure is the inerecsse iu percentags of garnet in the

Cretececus samples st the expense of epldote and sphens.

1

2@ conveys the impression that Hocene and

Reed, H. D,, Geology of Caliornia. 1933,
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Cretacecus sediments in genersl, in centrsl snd southern
Cellifornis, were derived from grenitie rocks {in ths sense
in which these are defined in the present paper)/. This
premise i1s here tsken as more or lsss axiomatic, especislly
insofar ss the savmples studied asre goncernsd.

Yet the anslyses of Plate 11 indicate very

o,

marked and consistent differences between the Cretacecus
and Zocene sssenmblages on the one hand and the granitic
assemblages on the other hand. In particular: (1) the
superabundant amphibvoles of the granitic assemblages are
to be compared with the sabsence or rarity of amphiboles
in the Zocene~Uretaceous sssemblage; (2) epldote, garned
and sphens, normally comparstively rare in the granites,
are relatively sbundant in the Eocene~Uretaceous sssem-
bleges; (&) tourmeline an. zircon are nearly invariasbly
present, sometimes in considerable percentsge, in the
Locene~CUretaceous assemblages, as compared with their fre-
quent absence and never conslderable pesrecentaze in the
granitic assemblagss.

The writer's interpretation of these observaltlors

is bzsed upon the propesition of differentisl minersl

degomposition, It is proposed to explsin the differsnces

petween the locene-~Uretaceous assemblages and those of
their pgrent granitic rocks as being due to eliminstion,

since removal from the parent mess, of certain minerals,



gentages of

inerezsed. From the charted dats 1t

have corres

percentage of garnet in the Cre-

is further su

taceous assembls is higher as compared to epidoie ana

sphene than is the case in the Hocene assemblages, by

“

reason ol Cretacecus detritus having been removed from the
parsent mess eariler and therelore having been subjset to

the processes of decomnposition for a longer time. Thet is,

the dats suggest that epldote and phene are subjsct to a
greater rate of decomposition then garnet, and that per-

roelt will therefore incrasse with tinme,

€£‘

centage of gs

her dlseussion of the oprineisle of differen~

.

rtl
tial mineral decomposition is nresented bel in connection

subject

In surmary, it is desired to direot attention to

semblages. One of these 1s the compsrative homogenelity



.
s

?w

e break in

granitic group on the other hand. The mixed Eogsne and

snitic sample, I'88-38, fits in nicely with this pic-~

ture; the mixing being appsrent from the assemblage., In
conirast to these two sharp breaks, is the absence of such
between lLocene and Cretsceous groups. These general con-
siderations are thought to bear out conclusions of this
pPRNBr,

4 further point that may be mentioned here 1s the

writer's belief in the dats here presented and in the

ot
Sty
o

methods used as a valuable general mesns of investigat

the average minersloglsal nsture of lsarge sreas of rocks.

Beed, RB. D., Geology of California, p. 278. 1933.

portant task that a petrographer could undertske than this

of the data con-

4]

of sdding to the quantity and exascines

cerning the petrology of areas that were undergdng erosion

§.m.s
&4

during the late Mesozole and Cenozole time,” The geners
urgent need for such dats can hsrdly be guestloned. In the
writer's view, data of the kind here presented, and use of

ods of the present invesiigation could be of grest
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suggestion by Bramlette to the effeect that pyroxenes, and
hyp&xg%ﬁaﬁ@ in particular, may not be nroperly considered
as Indicative of & Franeiscan source. Howeyser, the writer
gan not accept this view as being ceorrect, for reasons
discussed previously, supporting the idea that the Idria
mass is not truly representative of Iranciscsn rocks as &
whole. 4According to this latter suprosition, the Eig Blue
likewise would not be representative of detritus derived
from Francisean rocks.

A Turther observation supporting the eeﬁalasian
that the Coalings asssemblsge was derived from loesl sources
is the Taet that mieas sre so consplicuously rare or absent
in all these ssmples. This condition correlstes strikingly
with the faet that the same fezture is found in all but
one of the Franciscan source-rock samples {see Plate I1I).

The relative percentasged of smphibole, epidote
and sphene in these samples would ssem to offer no signifi-
cant conclusions reguarding source, These may have been

greatly influenced by differential decomposition and

cwmmntmtimﬁ.l Mueh of the hornblende in some of thess

lmy "dgifferential cementation” is meant simply the condition
in which one bed or sample is more thoroughly cemented than
enother. This is further discussed below in connection with
the GTZ assemblage., The term must not be confused with
"differential decomposition” which applies to detritsl
mineral species.
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samples 1s the brown variety, which 1s more commonly
present in Franclscan then granitic detritus. The possi-
bility of derivation of hornblende from Coast Range
granites ss contrasted with Sierran sources must also be
borne in mind. Any Hiocense pa$i€i¥@ areas westward from
Coalings might bave ineluded granites, and in these a
prolific source of hornblende,

A loesl lsnd mass such 2s that postulsted for the
source of this dMilocens detritus would undoubtedly supply
material derived from Crsitscenus and Zocene rocks as well
as from Frencisecan types. These other source-rocks no
doubt conitributed to the heterogensity of the assemblage
as a whole.

In summary, it may be said that while the number
of samples studied 1s entirely too few to establish a
final conelusion regarding the source of the Coslinga as-
semblage, the writer feels a considersble degree of con-
fidence in the tenastive decisions reached, these representing
his best judgemeni on the bssis ol deta at hand., At the
same time, 1t c¢an not be clalmed that these deta pernit of
exclusion of the possibility of admixture in this detritus
of sndesitic materials from the Uilerra Neveda region, as
suggested by Bramlette,

1

in one of hils esrlier papers, Heed ™ came io

L . o
Reed, R. D., Hole of heavy minerals in the Coszlingsa
Tertiary formations., Teoon. Geol,, Vol. 19, pp. 730-748,

1924.
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' the same conclusion as %he writer concerning

urge of the Coalings ne detritus. It is interest-
ing to note that he found 1. ol sugite in one and 47y in

the other of two

iu the second of hypersthene. 1In & later

book, Feed ana Hollister appear to have meireined this

"%

8p. eit., p. 40.

Miogene of Coslingsa

{8
;Mvz
2
Yl
@

game view e

but to heve deglded that the Sante largsrite was derived

from granitlec sources.

2

Garnet-Tourmasline~iircon (GT4) Assemblage

The stratigraphic distribution of this assemblag
will be evident %o the resder from Plate 111, inscfar as
this has been coetermined by the present lnvestigation. I3
will be noted that the asssemblage has been found to extend
laterally from DLevils Den to the Pioaneer section, 11 has
been found at wvaricus points throughout the vertlcal extent
of the Hipeene seetion; but, obviously from the chart, it
appears to be mainly excluded from the upper part of the
Upper Hiocene.

evident from & glsnce at Plate 11, the

m

S
striking Teature of the assemblage is simply the consistent

presence in surprising compsrative uniformity of gesrmet,
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»f the mineralogiecsl

breaks between ithis sssemblsge and others represented in the

oy

ﬁhﬁ?i is herdly less striking., Other minerals are either
absent from the assenmblsge or present in relatively inslig-
nificent smountg., £ Turther notable feature of ithe assem-
blage is the merked predominsnce of nuscovite over blotite.
rom gtudy of the charted dasta 1t is concluded

that the most probsble sources of this material were pre-
¥iccene sediments, largely Cretsceous snd Hocene in sge.
This conclusion 1z derived from the considerations which
follow.

Mo direct correspondence beiween this assemblage
and thet derived from any souree rock during the present
investigetion iz evident from the charted dsts. However,

detritus pust in

it is sssunsed Tor the »
fact have been derived from elther grapitic or Iranciscan
rocks or must represent reworked sediments, mainly Cretaceous
or bocene. Iud these sediments besn derived Ifrom the
Franciscan, they should show some similarity to the Coallings
lilocene sands, sssuming the ca%raa%&&%sg at least in pari,

regarding the latter., But the

]

e
4
o
|
e
i)
?...ée
£
ol
®
%“ﬁ

of the writer’s ¢
gtriking minerslogical bresk beitween these two assemblags

is evident from the chart; and possible dirset derivation
from Franciscen sources is conseguentily eliminsted. ALgaln,

3

s of foregolng eonolusions, these

{”}

assuming the correcines
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they should be expected to besy marked

gimilarities to the Crestaceous sourge-rock

g

or to the G5 assemblage (dis

H‘

the GTZ ssnds must have been derived from reworking of
Cretaceous and Bocene sediments {or other rre~Miccene nost-
Francls can sediments, probably intimetely associated with
these).

2

dz were indeed derived fronm sueh

"
=3
B
w0
i
]

If these GU:
material as is represenied by the sssemblages shown on the
chart as conming from Cretaceous and Focene source~-rocks,
then obviously & large and consistent change has oecourred
in the assemblage since removal from such sources. Speelifiec
items of sueh change are: (1) Large smounits of epidote and
sphene and smaller amounts of amphibole have disappeared.
(2) Percenteges of tourmaline and zircon have incressed
greastly. (2] Garnethss decreased in percentage with
respect to tourmaline and zireon. {(4) Muscovite has in-

 compared with biotite. (U] Percentage

fe’!

eressed strikingly ss
of hesvy minersls hses decressed very markedly.
sgeording to these conclusions and others dis-

%

sed previously in conneetion with the Crstaceous

ous Loeene

*f‘

ource-rock assembleses, therefore, material similar to



E E ol
that of such a5, say,
sample from granitie

rocks, deposited as pre-biiocens sediments, and reworked

and derosited as Hiocene beds bearing the GTZ assemblage.
This latter sssemblage, then, hasg been derived, by a

series of changes resuliting from differential decomposition
of the heavy miperals, Trom the tyviecsl granitic assemblage.
sn asssemblage origlnally dominated by amphibole (mainly
horoblende) hes changed to one in which gsrnet, sphene and
gpidote are dominsnt; and this in turn has changed to one
containing szlmost exclusively garnet, tourmsaline asnd zircon.

Asssuming the gcorreciness of these deductions,
elose study of the charted dste indicates the relative re~
sistance of the minsrsls involved to decomposition to be,
beginniyg with the lesst resistant: aemphibole, epidote,
svhene, garnet, tourmelins and zircon, Insofar ss this
order of resistance is eompatible with conclusions ex-~
pressed b, other investigators, it is thought to support
the writer's conclusions.

4 genersal examinstion of the literasture,
especially papers sopearing in the Journal ol Sedimentary
Petrology, appears indeed to substantliaste these ldeas
ev¥olved by the writer regarding the relstive stability of
the common heavy minerals, although little work on this

q
peegific matter wus found, Hefearvences in the litersbure

’Q

Cf, boswell, F. G. H., 0D, cit,, pp. 57486,
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stabllity. oome authors believe that this mimral

is often subjeet to solution by percolating waters; others

gonsider it to be smong ths most stable of minerals In

pinion would apps

o
%f
£y
fond
4]
e
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s

8tability of this mineral just

from the present study: Dbetween tourmsline and zircon on

other ninerals listed on the other

4L briel review

the distribution
ﬁz%*w“ rocks, &3
heast of Scotland.
138-164, 1983,

tnat re

°g

3”‘253 i in sl
&

A

aekie,

%av%AWf £ he
illustrated hy %% 2
Trans. Sdinburgh Genl,

fyﬂmtgg@@ ol ths
” J}Qe; 35-:3»& 3;:¢~

may be subjeet to solution as detrital

particles in situ. His paper 1s notl avallsble %o the writer,
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, Hatural setching of detrital garnet.
5 :

of mtural detrital grains of gsrnetl developed

striations, statss: "Lome ordinary garnet was crushed and
treated with hydrofluoric secid, after severasl days of treat-
ment in this aecic, an etching of the surface ¢ the grains
was produced that is identiesl with that observed ip the
natural grains from sedimentary rocks. It seems, therse~
fore, evident that this type of detritel garnet is & resull
of etehing. Just what seilcu or slkaline soluticon in meture

has produced the result 1s not known, bul ir many cases at

§oe

least 1t is obvious that it is an suthligsnic change. Some

of the greins are etched down by this natursl process 1o
delicate almost skeletsl forms. It is thus probable, as
pointed out by Mackle, thal much gernei disappears f{rom
sedimentary vrocks wilth sufficient time under ceriain condi-

tions that are nolt uncommon.”

Arthur Pentland suggests solution effects ss an

“Pentland,
Mmzomanis 8

ey

Pp. 28-38.

m s Tranconla snd
o % gy O ¥ o £y
18in, Jour. Sed. Pet., Vol. 1,

sharply defined faces on detrital

garnets.,
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st ing sclutions,

the com-

vy

g
Up, git., D.

vestigators noted the peculisr etehing of garnets, chielly

dodecshe

along the plan:




ding the principle of differential de-

composition of heavy minerals, and #s postulasted appliea~

tion in the pres

guestion of when and
ap-

nresent

at depth
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egual,
decomposition is in all probability much less effesctive in
e &
ith uninduratef ones.

in study of the
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&

gementation should not be expsceted in the Uretacecus and
fogene source-rock assemblages, since emch of these
?@Q?@éﬁﬁt% an average of a considersbls area of outorop,
which presumebly would inelude both indurated {cemented)
and unindurated material,

Some of the papers which the writer regards as
supporting his conclusions concerning the GTZ sands are as
follows:

The dominant minerals

(3]

t

W
o
&
e

L . 1
Arinur Pentland

=¥

Cp, cit., p. S4.

in the Frenconls and Mazomanie sendstones are garnst,
tourmaline, zircon snd mica. This suite of minerals implies
derivation from pre-existing sediments.”

&

‘ o 2 . s an
G. 0. HeCartney stetes: "Some of the more resisg-

o

QE'} eitt; z»)" 88&

tant minerals, such as tourmaline and zircon, and much of

the guartz and feldspaer may have been derived, in part, Irom
A

pre-existing sediments.” Kgain, he states:” T"Garnet is

recognized as a very reslstant minersl 1.."
W Lo %ilgu$%: "The principal h-avy minerals are

Op, cit,
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zireon, tourmaline, ilmes:

loeslly zarnet, with rut

0
staurglite, and diopside found conly in one or C sBmnles

513 2y = j. 3 . . 5 e o vagn .
sssine physiecal charseters of the hesvy minsrsls, their

£ 1 Ty ) . 5 g vy e g 8 ﬂ P ] g
#, D, Stearns siates, regarding Yarshall forma-

1 Y 1 ea
Op, eit., pp. 103,104,

tion: "The esstern assemblage 1s typlesl of s reworked
sediment, and gontelins only such resistant minerals as
tourmaline and zireon, and the alterastion products of less
stable species....Unstable minerals such ss hornblende and

2%

actinolite...

J. %, Ockerman® observes: "The heavy minerals

4

‘z;/'& H 5 B i - o S W by S prac) %, BT ] .. be ]
Uekerman, J, w., & peltrographic study of the ladison and
Jordan sandstones of southern ¥Wisconsin., Jour. Geol.,

o -

@Qla gi,)? Q@m ;E‘%f}“g;}gfﬁ 1@30» ( ?» i,%éj’:’:;n j

of the Hadison end Jordan sandstones suzgest that the com-

posing sediments wers derived from the re-working of olderx

sediments and not directly from crystalline roeks. 48

noted sbove, the sandstones are composed of guartz, a
ldspar, and several hesvy minerals, the latter Le-

ing garnet, zircon, and tourmaline sll of which sre minerals

of high chemiecsl stability.”
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“Op, oit,

leucoxane and or mors o the
detrital hesv:
limited wvariety

sedinmeniary terrang as the im-

rseter sandstone,” This suthor

Turther concludes that, had the 3%, Peter sandstons been
darived from certain older, highly garnetiferous sediments,
the garnet would sppear in the St1, Peter assemblage, hy
reason 0f 1ts great stsbility. 4lso, from s study of in-
clusions in guartz grainsg, he suggests: Y...that the
quartz was lorgely, ultimstely derived from s granitie

"

terrane.” Again, he stetes: i study of the inelusion

suite {of guartz) as compasred with the detrital suite of

istone indicates that titsnite, horn-

Pry
blende, kyanite, bilotite, fluorite and morse of the apatite

the Bt, Peter s

have bpeen lsrgely, 1f not wholly, eliminated #uring the

v

‘he parellelism between Tyler's con-

foon

history of the sand.

o

clusions and those of the present paper regasrding the CGIZ

sends i3 evident.

@

3 ™ 3 5445 ¥ TV v g 4 gy ey w4 7 y
. D, Condit  observes: There 1s ample evidence

‘ﬁgﬁéit, D. U., The petrogravhic chsracter of Ohic sands
with relation to thelr ﬂ“g;&wﬁ Journ. Geol,, Veol. 20,

N

pp. 152-183. 1912. (P, 161,




that it should withstend the wesar of

) T 3,. L 4 o P-T N T
H. D, Busssll™ haellsvasg: of thas

Hussell, H. Pe, mlﬁ%“&i Q@%ﬂﬂwliiﬁﬁ ol

sands. Geol. Soe. im., Bull,, Vol, %&i

};,%;u?g {: ;}a }.w‘%&i é.t}"{%ﬁ'f@ ;

"LV au

flaegs resistant' minerals in

sedimentary formations” 1s not due to sny great extent to
disintegration during transport, but mainly to chemical
decomposition., The writer's views in the matter are based

primarily upon Russell’s data. The word decomposition 1s

used in this paper, in the term "differentisl decomposition)

rather then disintegretion largely because 1t is inferred

from Hussell's date thet mechanical disintegration during
transport has played a2 minor part in the phenomena discussed
here,

li”‘” @Qﬁ ;i;éb ﬁe

@

Deste presented by ., &, H, Bosw

¥ilner are also counsidered to support ithe conclusions of the

Q

Op. egit., p. 427,

writer regasrdipg the GTZ sands.



be gontaninsted with

volving locaitlon of Tertiary land aress during the present

. L o 1, .
study, Heed's paleogeographic meps” have been consulted

E%Q@ﬁﬁ ®., ., 8nd Hollister, J, 5., Structural eveolution
of Southern Californis. 1936,

closely and to great adventage. His three magﬁﬁ of Lower,

Hiocene paleocgeography are nere reproducsd

8. The Upper lMlcocene map, flgzure B,

has been slisred by the writer by losertion of "San Andreas

Islandé® which discussed below, Otherwise these are hers

ot
[ £2]

reproduced intaet, except for insertion of the name "Inez

B %

Island”, this being Reed’s name™ (from Loel and Corey).
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Figure 7., - Middle Miocene Paleogeography.
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Figure 8. - Upper Miocene Paleogeography. {Modified from
Reed and Hollishter).




shown on these msps

for the G

sends, is Inez Island, which 1s supposed s~

undoubtedly blanketed with pre-

‘nich erop ocut in this areas today.

i

30 miles) from the Wiocene cuterops studieg here, and the

rust bave besn o

rapidly subsiding basin (see Tigure €6). 7That the basin wss
rapidly subsiding does mot of course necescsarily ipdicate
that i1 wes deep one. HNevertheless, 1t seems guesiionable
whether coarss detritus (ssnd) directly derived from this
island souree could be @xg@e%%ﬁ to have been deposited in

open sea this far from the source, znd without marked con-

tle

b

tamination from grenitic sourges eassiward. Ho plaus

southwestern land mess 1s s ested by the hlddle and Upper

Hiccene maps except Tor the peculiar tongue presumed %o

reprasent land snd labeled "Conitinental Heds

7

But san

101-38 waere taken {fron these "Continental Leds’
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of these is

o3

he possibility that this sssemblage may

revrezent reworking of materisl such as the Mariposa

&\3

tes, etc. However, such indications as are at hand,

Pl

£ 41
such as overlsp of #iocene sedlments onto granites in the
south end oi ban Joaguin Valley, tend toward the concliu-~

sion that these old¢ Tormsitlons ¢iv not extend much further
southward in Miocene time than they 4o now, Il is «iffi-
cult to understand how, in any case, garnet and tourmalline
and zireon derived {rom inese Iorma.ions could have ar-~
rived at the souithwest border of ithe present Vallesy with-
out marked admizxture of other minerals from different
sources.,

The second possible alternative interpretstiion
which oeceurs to the writer is the postulation of a very
tropieal climate and low-lying land in the grsnitic re-

gions. ©No sueh extremely tropieal condltions seem probabile

wd

from the writer's acguaintance with the litersiure. Tha
the Coalings sssemblsge gh@ﬁ% no @fféet of such a climate
would seen %o corroborste the supposition of 1ts non-
existenee, 1t 18 1o be suprnosed that sueh s c¢limaie would
affeet the Coelinga region aslso, if exiant in nelghboring
areas. Again, the EGS assemblage, supposed to ave been
derived from grenitic sources, indicates that sediments

not being derived from the

&

similar to the GTZ sands wer
granitic ereas during Miocene time. Ko good evidence is

snown to the affect thaet the nelghboring granitic sresas
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or most of Hioesns time;

were low during

2
Y g S §7 &
Wit e BB

The Stevens Dand

samples regulire specisl comment.
Ten Section oil Tield, in the

Valley {see figure 1). 7This
forsminiferal worksrs spproximately

with the Croeker Oprings send, shown in Plate Ii1l, The

phieet in studying these samples was ths

Gthers: 1o deternine the source of the detritus, However,

in this csse, the mest ilmportent specifie guestion we

m

thet of the arsal distribution of the

&

and {oil-bsaring in

Tloor.

The source of the detritus is

heve been derived ITrom souroes
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site of deposition. However, this conclusion appesrs to

the writer as inescapably the most probable interpretation

]
@
g

e

zested that San

of the dats at hand., It has been sug

#

B

Andreas Islsnd supplied this detritus during the carlier

stripping by erosion. The general pisture

is that of coarse detritus from the west belng intercalated
with muds from the east. Perhaps the lasck of coarss

detritus from granitic areas may be explained on the basis

1
Reed, F. L., Geology of Califormnia, p. 284, 1933,

The origin suggested for the Stevens sand would
imply a slightly greater age than thot assligned on the
basis of paleontological correlations, mentioned above.

This observstion is bssed upon the supposition that the
Stevens sand was derived from San Anareas Island before
the uncovering of andelusite~besring rocks by erosion.
{cee Plate I11J

indalusite-Gernet-Tourmaline-Zircon (4GTZ) issemblage

This assemblage, the distribution of which will
be noted Trom Plate 111, is charascterized by sbundanit anda-
lusite., Otherwlise the ascsemblage is made up mainly of

garnet, tourmaline and zircon., These sunds are interpreted
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mizture of detritus Ifrom two

w

as probably representing

source-rock types: (1) pre-iiccene sediments as postul:sted
for the GT. sands, and (2) & metamorphic {probsbly horn-
fels) rock type. The latter is supvosed to myve formed a
part of San Andreas lsland. The pre-Micocene sediments may
nave been derived from San Andress Island or other 1slands,
ag dlscussed above.

imong the reasons Tor this conclusion are the
following: 4sndalusite is found associated with the o4 as-
semblage, as a source for whieh San sndress Island is
postulated, as will be discussed below. This mineral is
found only very sparingly and rarely in any source-ro¢ck
studied., The vertieal distribution of the assemblage sug-
gests en intermediate phase of denudation of San Andreas
Island Tollowing stripping of sedimentary cover which may
have given rise to the GTZ sands, in part, followed by sx-

posure of granitic types. The lateral distribution of the

sssemblage indicates a looeslized sourcs.

Sphene-sndalusite (Si) asssemblage

it

48 will be noted from Plate III, this sssemblage
is confined to the Sunset-iliway district and to the upper
nart of the Upper Miocene beds.

The most striking feature of the assemblage is

the freguent sbundance of sphene. indalusite is persistently
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present, slthoush often in small percentare. Garnei is
likewise persistently present, usually in smll percectage,
but in this sssemblage garnet is more significant for its
scareity than otnerwise. Other minersls are notebly searce.
It is concluded that the most probable source of
this m terisl wss Sen sndreas Ielznd [see figure 8}, a
¥Miocene land-mezss postulsted by the writer as the best
interpretsetion of the dats Turnished by the -i assemblage.
This islend is supposed %o have lzin along what 1s now
the southwest base of the Temblor Fange. It is presumed
to have been made up origimslly of pre-iiccene sedimen's,

underlain at depth b, graniiiec material of a type abnormal

the Pozo-Le Panza reglion. It is suggested that metamorphic
rocks, probably in the nasture of roofl material, from which

andalusite wos derived, wers assoclated with the underlying
granites. The land msss 1s supposed to have come into

existence by reason of movements along the Sun Andreas
Hift, which oeccupies the boundsry between ithe present
Tembloyr Hange and the Carrizo Plsin, Concluslons regarding
the souwrce of this assemblage are based upon field evidences

88 obisined from reports of the U, &. Geologilieal &urvejl

1m?ﬁ$lﬁg Ralph, and Johnson, Hsrry ¥., Preliminery report on
the %Gh&ﬁ%éi%ﬁMwﬁhﬁeﬁ 0ll region, Kern and 3an Luls Obispo
Counties, Csliforpia. U, 5. CGeol. Surv., Bull. 406. 1910.

T

Pagk, E. ¥., The Sunset-ildway oill field, Cslifornia. U. .
Geol, Surv., Prof. Paper 116, 1320,
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. . 1 X " . . )
and other sources™ and Trom personal field observations,

W. ¥, Barbat, %. ¥, Burger, and others. Oral communieca-

gs well as from the mineralogical dats of t.e present in-
vestigation. That the outerop data of the "Granite Zone”

may properly be used in explaining the source o ithe SA
assenmblage 1s evidenced by the faet that correlation be-

tween the outcrops and the "Granite Zone” sands in the
Sunset-iiidway o0il field has been established by local

geologists“and that all these beds bear this assemblage.

¥, bBarbet, orsl communication.

5

Considerations uporn which conelusions regarding
the source of this sssemblage are based are as follows:

Quterop and drilling date show the cosrse beds of
the "Granite Zone" to be made up of unsorted granitic and
metamorphic detritus ranging in particle size from sand to
huge bloecks up to 15 feet in diasmeter, These coarsse ZONeS
are interbedded with the lower portion of the "Bslridge
Distomite’, 2 white or grsy dimtomaceous shale {see
>late I1I). It is hardly conceivable in the light of any

8

known to the writer that the materisl of these beds

could heve been derived from a source more distant than a

4

few miles from 1is site of deposition.” Some suggestlons

B

L 3 ¥ i, BT mh o e T g . Ty % 2
srnold, Ralph, and Johmson, Harry R., oo. eit., pp. 70, 71.
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have been made in the xi%@?&%%%@l on this reglion 1o secount

1, L \ e y ]
Arneold, Ralph, and Joh son, Harry K., op, eit.

for derivetion of the cwrse detritus from relastively dis-

these are that of lge-rafting, whieh

o

tant souwess: anon

i

appears tec the writer from general considerations to be

B

highly improbable. On the other hand, one writer~ shows

e

her appalling lack of euriosity regarding the mode of
" this detritus., Had this méterisl been

derived from & large and distant land mass, 1t seems most

probable that a grest deal of finer terrigenous detritus

existence neardy of & rising local land mass presenting a
fault searp toward the ares would probably permit of a
deposition of very eoarse meterial with & minimun of trans-
port =5 well &s & minimum of {ine deiritus.

Fwo small grenitic masses exist, one on the erest

of the Temblor Henge and one on its southwest flank, in

this genersl viecinity. These were mepped by Halph Arnold

t %

e B EY . T . . — 2 L o, B, g e o
and Herry Johnson™ ss feult blocks, Irief personsl obser-

vation indlestsd thst the oecurrense on the crest of the



range might te interbedded materisl similar o that of the
"Granite Zone" as recognized on the northeast flank of the
range. The mass on tne southwest flank, near the San
sndreas Rift, however, bss/much more homogenecus aspect,
which fits in well with the ideam of its fault block origin.

It is supposed thset this mass mey pe & remnant of San

ihe fleld evidence goes to show that the scurce-
rock of the detritus was crystalline, excluding the possi-~
bility of rewosrked sediments, and that the rock was not of
Franeiscan type. The mineralogical datas indicate that

this crystalline rock was not of a normal granitic type,
sugch as that of the Ban Emigdio eountry, the nearest source

i 3

of such, Had this been the ease, the resulting ¥Yiceens
seemblage should look like either (&) the 3ypieal granitiec
assemblage from, say, sample F48«38, or {b) the Hogene-

The

Cretaceous assemblages, or

el

predominance of sphenes and the presence of andslusits,
sometimes in considerable perceniage, in the 54 assemblage
gconstitute siriking dissimilarities when gompared to the
three sssemblages enumerated.

The persistent presence of andalusite indicaies
derivation from a roeck type not represented at 81l in the
spurece-rock sssemblages studied, not in other Miocscene ss-

semblages except the L0TZ essemblage, which is supposed



the somparative

wearness of the two localitles. 4n observation which may

n
be noted in this comnsetlon  that a lateral somvemant

along the San Andreas RHif% 3% miles, relatively

on the southw time,
fted the present Lz Penza granite mass from a

position opposite the "Granite Jone™ ocuterops to iits present

cvenent of & similer nature on the Sap andress

. . 1 .
hift hss been suggested in the literasture~ in recent ysars.

11-12, 31-84., 1953
me other setive

stern Californisa

£5, 1925-1928, pp. 41lb-




movement ol the nsiure here suggested, in the smount of 25

miles, and further, in precisely the region here involved.

ton mentions the existence in and nesr Cerrizo Plsin of

sn extensive srea of "nonmesrine Upper Mliococene sediments --
now surrounded by Tiner-grained merine sediments of egui-

valent age” which he supposes to have been derived from the

2 e vy
St KA

granitie mess. 4 minerslogical study of these

eveal most interesting data, which might

mentioned previously,

rnet, sometim s in considerable

percentages, fits in with the ideas expressed srove, in that
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percentage of epldote in Loots' amslyses, as compared to
the writer’'s dats, are unexplained by the writsr. Otherwise
the two sets of snalyses are similsr, both showing consi-

derable percentages of garnet and sphens.

Five distinct Miocene assemblages have been recog-
niged slong the southwestern border of the San Joaguin
Valley: (1) the Coalinga assemblage, (2) the garnet-
tourmaline-zircon assemblsge, (%) the andalusite-garnet-
tourmaline-zircon assemblage, (4) the sphene-andalusite
assemblage, and (5] the eplidote-garnet-sphene assemblage
{not strictly a Valley assemblage). The foregoing data
and discussion are taken to indicate rether conclusively
that the differences between these asssemblages sre directly
due to differsnces in source., 4 Tundamental guasstion at
the ouiset of the work, that of whether or not the Mioccens
assemblages would display differences dlagnostic of d4if-
Terent souress, 1is considered to have been snsvered in the
affirmative. The five assemblages recognized have besn
tentstively referrea to four different sources, one of the
assemblages being considered o represent mixing Q% detri-

tus from two of These gources,

By

However it has been found that none of the liogene

assemblages is directly comparable to any of the source-rock



ilz

e

assemblages studied, with the exception of the Coalings
assemblage, which does display immediate similarities to
the Franciscan sulte, Two explanstions It ve been proposed
to scoeount for this lack of dirsct correspondence betwesen
Viocene and source-rock assemblages: {1) that in some
cases (SA and AGTZ assemblages) the source-rocks are not

now exposed, and (2] that differentizl decomposition of

the hesvy minerals is responsible for the differences in

other cases, The principle of differential decompoaition

of heavy minsrals is resgarded as having been demonstrated

to have been & very significant agent in changing the

character of most of the Cretaceous and Tertiary assemblages

studised, subseguent to removal from their parenit mass,
regardless of the correctness of many detalils of the
writer's interpretation.

Conelusions regarding Hliocene palecgeocgraphy arse
summarized as follows:

The picture presented by Heed, as indiested in
figures &, 7, and 8, is not essentielly altered by the
results obtained here as regsrds the reglon north and west
of Coslinga. It is in fact coniirmed except for the sug-
gestion that land existed near Coalinga (northward and
westward) during Upper Hiocecene time. Feed shows no such

, o 1 .
land, The suggestion by Reed and Hollister thst Santa

;ﬁﬁm.ﬁéga
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Hargarlta deiritus is mainly of granitic origin is not
borne out by the present investigstion, as regards ths
ﬁa%img& region, which these authors presumably included in
their statement.

For the region surrounding Maricopa, it has been
suggested in this paper that land sxisted, probsbly inter-
mittently, westward of southward from Msricopa during
Miccene time, in addition to Reed's Lower Miocene Ynez
Island, between this and Marlcopa., These lands were
probably never very high, and for the most part not very
extensive. 4 sharp and localized uplift due to Tauliing
has been costulated to have plven rise to San andress
Island in Upper ¥iocene time. lone of these lands is
shown by Reed except Ynez Island.

It has been suzgested that the anomalous tongue

of hiiddle and Upper Hiocene "Continental Beds™ of figures 7
and $23£1faat have been deposited some 30 miles south-
east of its present position.

In conecluslion, & few remarks on the present
problem and on this type of work in genersl may not be
amiss., A1 the cutset of the work, i1t was by no means
taken for granted that the methods of attack chosen would
suffice for = sclution of the problem. The writer hss
been gratified to find thst the problem is indeed sus-

ceptible to at lssst partisl solution slong these lines.



It is keenly veslized that the problem ss a whole, and

of its details, are still fTar from a Tinal solution.

:@véyéhﬁiﬁﬁgg it is the writer's general
line of spproach employed will prove & powerful tool im
eventual solution of this snd similar problems. It is
believed that the potentislities of this type of work are
great, both ss regerds thelr sclentific and purely com-

mercial aspeets.
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¥28-38 1400 ¥., 200" 5. of L.". corner of Sec. 33,

Fr vE eng v syer e e ¥ien
s RIS g g P 157 N B e naear DE8s,

s 4 FER g S . gD s
F2i-38 750 V., 6BB' K., of ».,¥., corner of Zee. 28,

T gy T

T,328., H g el 2% Hill Send, below

iie T I ) g 1w
"Cranite YJone -mnle of matrix. 680 I,,
o F T PR P W g @ ¢ woom e T
of B.1, corngr of Leso, BD T SSE P
" ¥ ¢ ¢ &8 3 g gn ey e [EEW g I | BF Y mnam 3% o
Fa7=-58 Chieo Martinez Ck, candy zone’ in Melure Bhale.

poundary of Usec. £,

Y. voraner of same

section.

T50-38 Cerneros (reek, 4bout 3' above (unconformable 7
contast with thin bedded c¢lay shales below. About 1600' K.,

A}

1400' E, of S.¥. corner of Seg, 3B, T.282,, H.E20K.,

Approx. 700! upstream from road crossing of Creek. Cresek bed.

FEl-3 sbout 3' below unconformity (%) of F30-358. 7Top of

Button Bed?

F58-28 Approx. 7' above contacit between bButton Zed above

About 850" upstreasm from road cross-

ing of Creek, 4bout 14580 H,, 1080' Z. of S.%, corner of
%

62 @ o 2 € £ Ey L o oany TRy
W%@w é:\%%?ag P @W»; :‘%a.&g{,ﬁwwg Gisdie el

FE4~-38 Top of Camneros ss. South of Carneros Ck., sbout

300"

“

i. of road. About 400" H., 1800Y I, of 3.%. corner of

Pl

o L & g O B Y 841y Ld #.%E
el 2N Uﬂjg igaﬁ;@@,é@ B i‘@@w’%{)i@g 8 vi;zﬁwwﬁija&g&’fzg
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Teansco “Grahss

pth 145877-1807%, F¢

ey g ] 47 ” S ARCS
FlE8-38 Wi Leo, @ fntiog
B3 A

Depth 894'-915".

35,

164-38

Depth 17087-172357, » Sand, near 10p.



F165~-28  Hansock "Maricopa™ #1.

Depth 3148'-3156', Signal Send,

F167-38  Hancoek "Maricopa” /1.

Depth 3079'-3081",

F168-38 Doyle Pet. "weir" #2,

Depth 86207-3522°%, Velr

LRnG 3

F170-38 Doyle Pet. "ielr" #2. &

Lepth 3408'~34797, Velr Sand, neay

lainline” #1.

F173-38 Gen. Pet. "Mainline™ 71,

Jepth 27047 27147, O'Brien Sand

F174-38  Standard "Monarch 7¢ #11

Depth 14067-14086° Otis Hoyt Sano

Fl78=58 Standsrd "Hopareh 77 411

Depth 1232'-1233°'. 0Otis Hoyt Ssnd

F177-38  Obispo 01l #12. sSec. 32

Depth 3810°'-38286"., Obispo

e o8
BTG 3

¥F1l78-38 Obispeo 01l 712, Sec.

Lepth 2797'-3810'., Obispo Sand,

£179-38 Obispo 0il #12. See. 32

near base

Sec. 8, T.1lN.,

121

~~~~~ Sec. B8, T.1lN., .25,

@

slgnal Sand, near top.

See. 8, T.11N., ©.25%,
«‘:.5’3@» %‘? ‘i‘ﬁilrgigg Tg&ﬁ’w% ”

near Lase.

omy

g Gt R

r top.

Sec. 6, T.11N., H.254.

O'Brien Zand, near base.

See. 6, T,l1N., ®,23%,

, near top.

Sec, T, T,11¥., R,.BBVW
% %

®

, bear base.

cec, 7, TllN., ®B

&

, near top.

, T.1BN,, R.B3W

near bass,
32, T.18H.,, R.23%,
near middle.

® .L.:?JE ;‘s 2%;:?{3 P

4

sand, near top.

%



camples of lecent sSiream sands derived from

possible source rocks of Miocene sediments. (8) indicates

distance by spesdometer.

FAG-38 Sme ll rosky besch on terrsce remnant of Kern
River 6.5 miles {5) upstream from granite-~-Tertiary fault
contact; 21 miles (8) Tfrom Bakersfield South side of

'y ™ FE Ay + s N Ty Tn BLAE 7 £
f’ai?%}?a 202@3413 ?4@;:’2 E'é@@ i""a‘i)e@wiﬁf}i"ﬁw g@fﬁ *«j{jm

F53-58 avout 1/4 mile downstream from White River
bridge at ¥hite River villasge. 7.840,, H.28%., H.D.B.&M,

Fb5~-38 Tule Biver., 6.5 miles (8) from Porterville slong
Springville romd. T,.215., H.2BE,, H.D.B,&M. Tulars Co,.
17858 15.2 miles {(8) from Patterson on new road up
Puerto Creek, upstream from Francliscen-Cretasceocus contact.

2}@&% ? é,{a%ga § e{/@wfaékj"iw w’@ﬁﬁiﬁélaﬁﬁ QQ@

18458 14.8 miles (8) from intsrsection of Poute 101 and
“Sen Simeon rToad aeross luelsa Hange, on latiter road. Paso

Robles Creek (7). T.27:,, R.10E,, #.L.B.&M. San Luls

FE8=-28 Piru Creek. 3 miles (5 S.W. of 5. Cal. Gas Co.
station (which is 2.5 miles (5] from ridge Tavern, 20.2
miles from Castiasec, on road brenching west from Highway 118).
tbout & miles upstream from highwsy bridge. T,7N., R.18%.,

Venturs Co.

o




wnstresn from

igdlc Rasneh, 4bout 1 mile

o

upsiream from grenite-iocene contset. T.9W,, “,21%.,

SL.h.B.ENM, Eern Co,

Fo2-38 San Emigdio Creek; about 1/2 mile downstrea

FOH=BE Piru Creek. 2.5 miles {&) downstream from Thorn

lesdows Ford {(where road branching Trom Ozena-Stzufer road

erosses Piru Creek). 7T,8K., H.Bl%,, 5.F Ventura Co,

FO6=38 Matillje Creek, 1/4 mile sbove junetion with
Ventura River, neasr iatilijs Hot Springs. T.BH., R.23%.,

H.B.&H, Vewtorea Co

‘-««@'«w’*

Fo9-38 tieyes Creek. Immediately zbove Reyes (reek

Venture Co,

publie camp., T.7H., H.83%., S.B.B,

FE99-30 ancho FNuevo CUreek mear juncture with Cuyama

Y

River Uo7hia, HoB4W,., U.B.E.&M, Ventura Co.

o

£102-38  Green Canyon. YWest of Cuyama River. 4.8 miles

e

(&) from Cuyama Highway. T.10N., R.288V., 5,.B.8.&4, SavtaDrcsarale

F1085-38 Pine Creek at Cuyama Highway bridge. INear junc-
ture with Cuyema River. T,11H,, R,31%., S.B.B.&4%. Santse

Harbara Co,



124

h Fork of Lsbrea Creek. 4bout 1 mile (8)

ar Creek {Besr Canyon), 7T.10¥.,

HZants Barbaras Co.

F106-38 1/4 mile (&) below junetion of N. and &, Forks

of Isbrea Creek, T.8N., R.81l¥., S.B.H.&¥, Santa Barbaras (o.

¥1l10-38 Salinas Hiver at FYozo-irroyo (rande road crossing

AR A SIS,

T.315., R,15E., H.DU.B,¥, oan Luis Obispo Co.

F1lll=38 Salinas Hiver at Pozo-Sante dargerits road bridge,

T,308.,, H,1l4i., #d.U.2.&4, San Luis Oblspo Co.

Fl12-38 OStream bed beside road. 9 miles (5) from Creston

(S

on ozo road, T.295., R.14L,, #.D.E.&H, San Luis Obispo Co.

Fl12-38 Stream bed near road sbout 2 miles (S) fronm

e vl i

Creston on Pozo roasd. T.285,, H.,18E,, ¥.U.B.&4, San Luis

Qbispo Co.

¥116-38 Stream terrace sbout 4' sbove siresm bed. Cotton-
wood Canyon, at about 100C' contour, 1/2 mile upstream from
MeLure Valley alluvium contact. 12,1 miles () from Cholame

on Highway 41. T,205,.,, H.178,, M.l .B.&lM. Kincs (o.

F116~-38  avenal Creek. 12.0 miles from road turneff from
Highway 41 nesr mouth of Cottonwood Canyon. Ind of rosad
at gquicksilver mine on svensl Creek. 0.2 miles (S) from
turneff to Kings gulicksilver mine., T.258,.,, R.16E,,

%

Moelialiobii, XKings Co.



¥118-38 Los Gatos Creek. B8 miles (5) from Coalinga.

AR5

T,808,, RJ14E., M.0.5

y :” o o, Pl - & b
FlBUA=08 meuth of main gulley heading northeastward.

road running up gulley towsrd serpentine mass from Los

Fresno Co.

Fl2g-38  Ssn Benito River about 1/4 mile upstream from

erosging of Coslings~Hernandez roac, 31 miles (&) from

Coalinge., T.195,, H.,18k., ¥.D.B.&Y, ESan Benito Co.

F1eB=38 6 miles (5] from Hernandez on Idris rosd up

e e s

Clear Creek. 4&bout 1/2 mile (S) above Clear Creek mine. T.188.

R.11%,, ¥.D.,BH.&%, ©San Benito Co.

Flee-38 3 miles (8) from New Idrie on Sarn Joaguin Valley

road, Stream draining Idris mine dumps. 7T.178,, BH.12%.,

San Benito Co.

Haidelad

F127-38 Los Benos Creek, sbout 1/4 mile upstream Ifrom bend

st ¥ranciscen Cretzeceous contact. 4Lbout 11 miles (8 from

§...>J
@
E

turnofl from Pacheco Fsss T.11

dereced Co,

Claras Uo.



¥134-38

PR

downstream from Nason Ranch Camp at Juncture of Cachagus

Lreaslk,

lar Canyon 5.5 miles (8} from Chuslar.

Ty e B
L g dd B it

. Jonterey Co.

Hiver on

vonterey Co.

gf@ }*?7 & 5

Arroyo 4e la Cruz Ureek jJust sbove Highway

wayv 101 Bt stassesd

P

2.8 mi

B - T3 T PE o % gy T eyl g
HOTTO BOCK TOAG. BT LULE

z

mile {8) above Urapevine

ghway byidge. Yern Co,
o

‘levin property, 1 mile {

St




