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LABBTRACY

The Lpplied Ressaydh mﬁbamﬁari@é grating spectrogreph and
& technique of @aaﬁﬁmtw@ spectro=-chemiosl snalysis are deseribed.
This methed of analysis wsy show twenty or wore slemeuts presemt in
vein m& vallrock sawles in gcusutitatively measursble amounts.
Approzimately ﬂﬁzg sawples of veln wmateriel and wallreak from
the ore depesits of Goldfield, Wevads were smalyzed quantitatively
to determine whether the guantitative distribution of the eloments
would give some clus to the loel of minersliizetion. It hus been
established that thres elements, biswuth, silver, snd tin sre
geneticslly associated with the pold values in the desper velins
a8t Goldfield and that these slenents ave determianable even in
vary low grade eves It is probzble that a furthey study of their
distribution would shed muoh 1ight on the problem of detemining
the loel of mineralizution.

The quantitetive variations of some of the cleoments in the
wallreock have been deteormined mnd these wariations glve some hope
of sn economie applisation in determining the distonce of a gilven
wallroglt gample from & veln.

4 wertical zoning of tin g prosent ot Goldfisld and some

and of 2 sonlag of bisweth snd perhaps of

suggestion hesbeen fu
the whole type of mineraliszation.

| The present work has shown thot the svectrograph is very
useful in the study of geodhenmical problems snd seversl possible

probloms fovy gtody are sugpogted.
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IWERODUCRIoN
Preliminary Statensnte

Spectroscopy had ite boeginming in 16866 vhen Hewton firsd
observed that white 1ight passing through & prism wag dispersed
inte & speetrum. Vollaston snd Freunhofer (1802 - 1817] first
vsed s nerrov slit foro the illuminstion source snd Froumhofer
firet applied the principles of refruotion of light from 2 ruled
grating ond was able {0 aselgn sotual wevelsupth values do the speciral
lines he identified.

Hemy spplicstions huve @%&m‘fﬁﬁ%é.féﬁ’tﬁ% gpestrosocpe singe
this erly worke It has been used extensively in the study of the
vhysiesl properties of metter, in the study of the chemioal constitution
6f the sﬁag gtars, and other bodies both celestial and terrestial,
and ia the gqualltstive amd guentitetive smslysis of m&%éfiaiﬁa

Gsmtitetive @y%@%f@*@ﬁ@%ﬁ&&l gnalyeis however hep had its
grout ﬁ%?%l@%@%ﬁ% in the lagt desnde. The speotropraph bhas boen
develoved 80 thet o bright line speotrum may be photographed snd
the iantensity of the lines of the spectrum sve used to obtain
guéntitative values for the smount of any element present in the
spechrum. |

Although the spectrograph has been used in geclogical
vesesreh for many yesrs, very 1iitle hae been done with guantitative
gpectrochenistry. In the following pages an stterpt is mede to
disouss some of these sppliestions ond b indisute other llues of

reseuareh which may be of further intersst.



Statement of the Problem.

%ﬁ&ﬁ%iﬁaﬁi@ﬁ spestrochenicsl smalyeis not only offers & rapid
mesng of obtaining accurate chemical analysss, but more ?ﬁ?%i@&lﬁ?ﬁﬁ
securate quantitetive smalyses of the rever elements found in veins :nd
rooks may be easily obisined.

The present work was begun with the bope thet the gm@@ﬁitﬁtévé
distrivution of these rarer cloments, or porhaps even some of the
gommoney elements i enoveh ssnples were ‘wai?m@g would zive some
¢lue to the loel of minerslizgtion. Two methods of attach oun this
problen sre immediately uppsrent; firet, the study of the distribution
of elements along 8 vein as suore shoot igyﬁﬁiﬁg appronched, snd sesond,
& study of the changes in th@v@ﬁﬁ&ﬁég of the slemenis in the wallvock
at varicus distences from & veln te see if 1t is possible to determine
bow fer a given wallvock sample s frow the veln.

Gince no mention of sueh & study hes bsen found in the litersture,
this research wss undertsken with thé iden that in all %?@%abéiiﬁy it
wonld ﬁﬁiy show vhether there ave any possiblilities in such 2 method
of attdking the problem of the search for ore, snd whether such resesreh
should be sontinued. It i zlso hoped thet it will show some of the
problons iﬁ?ﬁi?@ﬁyi% speh o ghtudy and some of the additional dzte that
mey be obbtained in the study of veins and wallrook with the spectrograph.
Hethod of Attatk.

Sinee there wre moy verisitions in the technigue of gpeoivp~
chomioal analysis depending uvpon the type ¢of materisl to be snelysed
and the type of é?ﬁ@tf@@f&@& to be used, 8 standsrdized technigue of
silieste snalysis hed to be decided upon. The geologlesl department
of the Cslifoynis Institute of Techunology possesses sn Applied

Hesearch Laborstories grating spectrograph so thet s technigue of



silicete smslysis suggested by Dre M. F. Hesler of the ipplied
Hesearch Laboratories was aduapted for use %i%&kthig instrument.
In the Pivst part oF this thesis the %ggsar@g§&§ﬁ is desaribed
end the technique of amslysis, the settings of the various
asooessories, and the constants for the eslibration ¢f the film
are ol wne

Bofore sttssking the problem for any specific disciriet, preo=
iiminasry gualitative amelybical work wos carried out on mey qusréz
samples to see 1f the quariz contained » large enough veriety of
elemants to give the method soms chenece of suocess. After this
preliminary work showed thet arty vhich sarvied no visisle
fmpurities @ﬁ%ﬁ&iﬁ%&qﬁﬁﬂg slements detectable with the spectregraph,
& number of miscsellaneous éam@iés of vein material from Goldfield,
Hevads were obtained and snalyses showed that these samples
eontained spyroxinmmtely %ﬁ%ﬁtgfalaﬁents that could be determined
By the spestrograshe. The ore in the Goléfield distriet very often
goours in rich pochets whieh sre found only by exiensive development
BOrE, 8o 1% wos belisve that this districet would be sulitable for
this problem.

Bafore smy samples opuld be colleoted from the foldfield

digtrict the metnod of sampling had to be decided. NMony metheds
of sampling were possible, but owing to the time available a single
method had to be decided upon znd it i@ reclized thet other methods
might or night net heve proven moye sﬁﬁﬁesgfvls It wes decided that
the gemples would be channel samples of from 5 to 10 pounds tuken
over z width of sbout three or four feet, or in the cese 8¢ & narrow

vain, over the whole width of the veln. 7The samples were tsken



approzimately ten feet aparts Since the samples were tollested in this
mannery the anelytieal resulis ave for the veln ae o whole, including
the guartsz and all ¢he ore minersls in the vein.

Two f£ield trips of sbout four days csch were made to Goldfield
in the spring of 1940 %o collect samples snd to become femilisr with
the local geology sud the dhersoter of the ore deposits. Huites of
ore and wallrosk were ¢ollsclted from twe of the velans thet were still
eooessible. Another sulte of ore ssmples wes collected by
Dre He Jo Fraser from oue of the mines during the following summer and
was mede available for study.

twuntitetive spostroscedpic suslyses wers mede of these sawples
wnd the resulis of these anslyses snd conclusions te be drawn from

thew ave prosecied In the segond pert of this thesis.
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in the first pert of this thesis 2nd 1 should like to thenk
¥re We ¥o Hush of the metallurgy depsrtument of the Cslifornis Institute

of Technology for seversl saggestione regerding the operation of
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PEEVICGUS USES OF THE SFECTROGHRAPE IN GROLOGICAL PROBLEMS

ihe following eannot be reguvded 28 2 complete presentutien

of the spplications of the specivograph to gzeolepie problems

sinse meny of the publisstions in which the references may be found
are not aﬁailgéla, but &% does inelude the lmportsat papers.

Fiteh {1) wrote = short book on Spectrum ifnslysis in ¥ineralogye
This work contains o deseription of warious metheds of snalysis end
diseusses snslysis of minersls, minersl eoncenirates, rocks, snd
meteprites.s It containe an exeellent bibliogrephy of the work done
on this type of spectrochemicel snalyeis wp o 1980,

Hertley snd Demage were two of ﬁ%%‘%ﬁ?li&%% workers on specivo=
seopio anzlysis of miversls. They simplified the methods of snalyszing
- minerils sad mede meny wminersl snalyses. Fiteh's bibliography contsing
the referenses to the work of these two men.

Te Gramont was asnother esrly workeey iz cpentitative spestro~
chemistry as applisd to minerslogy. His numercus works sre also
listed in Pitch's biblicgraphy.

Ve Mo Goldsebmidt (2] end bls sssocistes used cuantitative
gpestrochemical snalyses extensively in thelr work on the geochews
istry of the ocowrrence of the elements in rocks snd minerslse Thsir
prineipel vee of the spectrogreph was in determining smsll cusntities

6f the vovious elemsnts in the winsrels end in checking thelr chemiosl

snalyses by spestiregraphic spalyses.
Grateon sund Hpveourt {2} by mesns of (he spectrograph foumd the
presence of comparable gquantities of the same relatively rare eloments

in the sphalerite of the Vississippl valley tyve of ore as gompared
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to the guantities of those eloments which ooour in the sphalevite of
deposits now genevelly secepted ss of megmetie origin. They slse
discuss the geochemistry of the individusl elements.

Sehema snd Reukeme (4] woerking on the granits of Pinland are
attempting to divide the granites inte certaia provinces whish show
merked similsvities when charseterized by the content of their
rarer clements. They songlude thet it should be possible to separute
gremites by this wethod although they mentlion thst some granites may
srigiaste by pertisl refusiom ¢f the older rocks,.

fhese two sutbors slong with Vahalto hove alse worked on the
rare esrth content of many rocks sod minersle, {5}, (8], {?3@‘

fensrd, Howell, snd Yeekel (8}, {9}, (10}, have dons resesveh
on the color of minersls wsing the spectrograsph. They have been
sttemptive to find 1f the ecolorsef cortain wimersle are due %o smslil
guantitlies 0F rers slonents. They found thet the golor ¢f blue haliite
snd the blue esler sud brown eclor of zirgenms io %a structural
rather than ?i%ﬁ%ﬁ%ﬁig but the dark snoky guarts slwege sontalzed
less lithiuws then colorlisss sand pele emoky @gar%2s They alsg glve 2
method for preperation o f ssmples end sn improved epectrozraphic
teohnigues $o ovoid eontomination.

Clausen {11} anelyzed gualitatively about five samples esgh of
galens, syhelerite, sud pyrite snd gove s tsble of resulise

Hewhouse {[12] used Claussen®s speetvoscopic results sleong with
his own chewmicel resulis to show thst vepedivm, wolybdenwm, ghromiun,
and tospeten in @giﬁiﬁﬁﬁbﬁ@ﬁﬁﬁ of lead depodits are probably from
hypogene minerals eontaining gmell vercentsages of these slements.

Sehneiderhobn (12) 4314 2 grest desl of work ou the gevchemicsl



w G o

securvence of platines sad seme of the other ¢lements in the wmines

of South Afries. He foumd thet chromites and the silieates of tis
pyrozenites snd Heorensky "Reef™ are free from platinus snd other
preeious metale. The amount of platinum decroasss with decrsasing
age of the sulphides, sad the lsst two sulphides, chaleopyrite smd
willerite, contuin no platinun matalse |

Boritz (14) plves details on methods snd prastical avplicetions
¢f the spectroseops. An exeellent bhibllegravhy iz alee found in this
PEDET .

4 veesat book by Brode (15} on shewicsl speotrescepy describes
the various types eéf spéstragraphs end metheds of analysis and
gives dota for the setting up of working eurves. It alzo contsins
tables of the prinsipsl liznes of the slements and has an suesllent

bibliography on spectro-chenistry.
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BT I QUARTITATIVE 3PECUROGHAPEIC PROGH

Iantroduetion.

Since the techmigue of auamtitetive gpestregraphic snalysis
iz sti1l in the experimeniel stoge sud the %ﬁgiyﬁaa%‘ﬁggé is wndergoing
repid lmprovements, modifications, sud chenges, the development of a
method ¢f enalysis for any problem involves much prelininary researchs
in ¢he following pages there is prosented a desoristion of the aguipe=

ment used during this jnvest

: discussion of the
analytical methods.

The instrument described heveln is & gvatiung specirograoh made
by the ipplled Heseereh Laboraiories, %é%’&ﬁg%i%&a

The sample is exeited in & ¢kbon sres fThe light from the are
passes through ¢ 8lity 1s digpersed by & ruled grating and the
speotrum is recorded on vhotographlie filwme. Yhe gusntitative sstimstion
of the clements iz mede by determining the intensity of the lines
prodoeed on %@ﬁ‘§hﬁiﬁg?§§%ié £ilw singe %%@‘iﬁﬁﬁﬁ%iﬁﬁ ef 2 ilume
is determined by ﬁﬁé concentration of the element in the sample.

The derkening on the fllm is wessured by & densitometer

employing & photoslectric eell. However, the amount of the darkenimg

6f & lizne on the photographie fil@ is not only controlled by the
goncontration of the alameni, %ﬁt &%ﬁéy%g E%@ time of é@?@i@%@%ﬁﬁ@
The developuent facher ig ﬁliﬁkaatﬁﬁ %g %ﬁg wey af & gEumn Surve
w?ﬁaﬁ relabes %@% L %aswzﬂﬁiam velus of = 11&% 2% resd on Bhe

&%ﬁ%i%ﬁmﬁ%&?g to the truse i&%éﬁ&itg of the linee.
peseripticn of the jJpperstus.

{2} The spectrogrepke

The spostrogroph is shown in Figs. 1 ead 2. In the following



Fige 4s = View of the front par
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desoription of thé instrume

nt the sumbers refer to the parts of the
instroment and the scoesseries ss Indiested im the figures.

{1) Ground glese plate for the aligmment of the electrodes.
Fhe inverted Imsgs of the twe elecirodes is reproduced on this
ground glass plate by = lems wounted between the slectrodes and
the plates 4 vertiesl line is ruled on this soreen snd the elestrodes
must be csntersd by sligming them with this line, Other horizontal
lines may be marked on this glusse plate te lndloate desirable areing

worke

positions for varicus types of
{2} Zlestrode holderss These helders sre comstructed o hold

4" electrodes.

{5} Bleetrodes, Various types of elestrodes are used and will

be deperibed lider.

xaob is used to valse 2nd lower the upper electrods.
{6} This knob relses snd lowers the lower elecirode.

{6} This kneb moves both electrodes simmltsneously in &

horizontal direction so that the svre may be kept centered on ihe
vertissl line oz the grownd gluss slignment plate.

{7} Quartz condensing lems to foous the light from the ave
on the slit {l4}.

{8] The reteting seotor. 7This seoter is placed &t the secondery
foosl plane of the spectrograph. It is constructed so that 1t may be
used as & step sector or mwerely ss & roteting sector te reduce the
BZPOSUrBe

The step seetor is gut such thet when rotating, it exposes a3®
strip on the £ilm st four diffevent intemsity levels. Thess intemsity

galues have o velation to each other of 1s &1 41 1/8.
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Ia =ddition %o the step cettur twe openings on the seotor plate
sut the egrosure in half when fully epensd. OGue of these openings
s graduked in & sesle from 1 » 100, mad & meek may be meved imte
plats over these openivge by rotsbing the emmll plute (9] by the
tue %@gﬁﬁ&é@ wpovidad,

The rototing plete muy be relsed o lewered dsponding upon
whather the astep, or erdlesyy sadtor io 208l red,

{10} svertiag swiieh for the rotating seotors

(1)

{12} & éiﬁ@%ﬁw

postat to

genirol speed of the ceotor.

s &8 ploced behind the retoting sestor. The

sondenging lens (7] focusts the light from the sve on this disphregm.

e selests the Gentrsl povtion o the sre
which §s projected on the s11% (14},

the diephragm has four 41 ffevent opesings controlled by the

imeh (151 The nuwber two opening expests a 1/16% steip of flim

sud o used in cuentitetive works 7The sosber ¢ opening sgposes o ¢
ptrdp sl e vesd for the step sestoy. The nutber 1 wud T oponings
are wsel by gualitetive wori.

£34) 90 8lite It %o the repiles of thie 2318 thet ds phetoe
provhed on the filn. Tie %Z%E% sy be opened from 0L 2 be W) s
the spenlvg belng contyolled by the spindle {15] whieh is pradunted
from 1 » 10y 1 covrespouding te »0) mmey 208 10 o 1o tme

{16) The preiings %he greting dlsperses the light of alffurent
@%%iﬁﬁ%ﬁ“%%%ﬁﬁ Phe rodiop of survsture §s se dssioned se to 2ive
unl form dispersion on the #lm snd eowseguently 511 mespurements
slome the gpectrum sveof eguel velus ond the wevelesmpthe of the lines
mey be easily messuped snd eompavel with an ivem spectrum on ¢ mmeter

vlete in the srojector.
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{17} Ihe esmera. The cemers uses motion picture £ilm obtained
in 100" lewgths. Haoh exposure is i%% inohes long. Wine spectrs may
be photographed on esch strip @jﬁ’ film, s0 that on & single strip it is
possible to photegraph four seamples areed in dupliocste, snd sm iven
spectrum to be used in the construction of the gamms curves,

The camers is racked up snd down by the kuob {18). The serews
(19} are ased to bold the film 7imly in the comers. The middle serew
is always left loovse, but the outer serews are tightened except vhen a
strip of £ilm 1s being removed. The eorew on the left hond side is
slwsys tightened first after a strip of film hes been withdrewn from
the sewera to prevent the possibility of 2 short plece of film ot the
end ¢f & roll being left in i:.ka ganmers and to insure the film belng
tightly streighed scross the camerss When 2 strip s resoved its
length may be geuged by pulling &t sbout 13* pest the left hand
sorews {%ﬁ%}; The f£ilm is them cut mear the csmera with 2 pair of
scisserss It is much easier to cut the £1lm if the camsra js racked
a8 high se possible. 2 red safe light may be used with motion pleture
film,

The serews [E0] are to hold the camera iu plzee znd must be
removed #a reiosd the camers with & fresh rell of £ilwm.

{21} =md (82) sre two settings ¢f the fustrument to photograrh
different portions of the spectrome In Pige 1 the setting is for the
25804% = 4600 4° region in the ultrs violet. If setting (22) is
used the region photographed is from 4580 4° « 6800 4%, fThe setting
from 2580 4% ~ 4800 A% is generslly used, the higher oune belng used
only in the cose of one or two elements thet have more sensitive lines

in thet regione.,



{b) sre Restizier Unit.

The current to produce the sro is supplied through sn sye
rectifier unit (Pig. 3}s The ampersge msy be directly controlled
over o range of & - 1B smperes, by the resctor whesl at the fromt
of the cse. During speing the voltsge varies from 50 = 60 volts.

The unit comteine 2 timer vhich sutometiocally bresks the
sireuit snd thus extiunguiches the sré st say predetermined time
up to thres minutes.

- {¢] Projection Cowparstor and Densitometer.

The spectral lines sre identified by comparisen with known
dines moyked on & mester plate 1n the Projection Compsraters The
tramemiegsion value of esch lins can be wmessgred by the densitomeber.

Wben & film is plaved in the projection comparstor the sypesira on
the film ave projectsd on » soreen simultmnecusly with the field
{Plge 4]s Om this mester film there is recorded en iyom spseirum,
the more persistent linse ¢f the other elements, and 2 wavelength
seale. The lrven spectrum of the £ilm mey then be eligned with $he
iren spectrum of the wester specirom snd the unknown elements in the
seuple mey be determined by elther comparisen with the recorded
lines on the mester film er by wmeswurenent of the setusl wevelenoths.
The wavelength of & line not murksd on the mastsr plote mey be
deternined to an scocureey of 0«2 A% by mewms of the wavelength scale
on the master plate sud 2 soesle on the soreen; sud mey be identified
by the use ef & sot of tables.

The tsbles used are the ¥.1.7. Vavelength Tables.

HaleTs Wavelensth Tables, Gompiled by G« B. Harrisen, John Wiley snd Soss
1829,




Plge B0 = Ave reotifiser wnit.

Fig. 4. = Projection comparator, Densitometer, and Soreen.
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The tremsmission value of the lines is vesd on the demsitometer,
When the button next te the large kumeb ot the rear of the housing
of the prﬁ§@@%i%m comparetor is pressed; o emall shes is moved
rapidly out of & protecting recess on to the filme. The shoe contains
2 slit, whote width 1¢ only 5 smell fractien of the width of the
lines on the film, snd 2 1ight~ plok-up tubse. The shoe is aﬁﬁﬂmﬁti@alig
moved aeross the film by & symchromous drive m@@@r‘aa that a8 the
§1it moves slowly soross & lime the darzeming of the line is messured
by ¢ photoslectric cell and reed on o metars 48 the slit senns the
lines the pointer sweeps slowly scorozg the gesle of the mster snd
resghes 2 minimum value, thenes the line &s passed by the slit, the
veinter swinge bsek o higher values. The seale on the meter iz
graduated frem 1 » 100, snd the minlmem value, which represents @w
tropemission value of the line im peresnt, is resd to the nesrest
1/10 of 2 division.

Full imstruetions s to the assenbly sad vee of the nachine
cgre ziven in the "ipplied Researeh Laborateriss Grating Spestrozraph

Instructions® surplied By the Applisd Resesreh Leboratories.

As mentioned earlier, the tramswission value of 2 liue
depends not @ﬁzgrﬁa the eoncentrstion of the eleuwent, Wut 2lso on the
smount of development of the film. Variations in this develomment
fastor between difforent filos must be ocsuncelled out o deternine the
true intensity of the lime. Thip is doue by using a curve ﬁaziaﬁ By
gemes ourves whivh velates the transwission wive of the linss o thelwy

trve intensitye
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This gamma curve is obtained by wsing the step sector and
an iron spacbrums The step sector allows euch lins of the specirum
to be photographed st four &if‘fw%zz% exposure intensitiss on the
same £ilm. The sector is cubt sudh that the four intemsity rstios
sre 1 ¢ 1/2 s 1/4 s 1/8, hence these rstions may bs plotted sz true
intensities for the 1ines It 1s necessary thet the 1ight be
uniform over the whole field so thset the four vatics will be
photegraphed st thelr true intessities. Yhe unifermlity of the fisld
mey be chesked by photographimg the spestrwe throush the 1/4 inoh
opening «nd meaguring the transmigsion wvelue of geveral lines to see
if thay are gonstant over thelr whols leagth.

Phe transmission values of the fowr differsnt intensities are
resd on the densitometer and nlotied spalast the Inteunsity ¥alusg,. ;
4 ocurve ig thus obtained relating the traanemlssion value of sny line
o thae true intensity of the lines This curve 1o hmown a8 the ganus
Burve,

The gurve is plotted om Jogarithuie Z gyels by 3 cycle graph
papers The tramsmission values, frem 1 to 100 sre plotted 28 the
erdinstess snd the intensitles, from .01 to 10 as the absoissase

sowme gurve is s straight lige for transmission values

from 1% %o between 20 snd 40%, eud ium praetics should have 2 slope
of 45° » %ﬁe The enrve fiatiens out in 2 sumooth curve for higher
tramesigsion valuese

4 single sectored lins on the film gives only four points on
the surves To get the %1&;%% of the gamms curve, several meishboring
lines sre vlotbed :nd the aversze of their slopes isg %é& ag the slope

of the ourves The clopes ochiained from differsnt limes i the same



};@é%i@a ag the film should vary ouly sbout two degre=s, with the exseption
of an oconsionsl linme which may give s z*aﬁie@%ug; %éfﬁ*@e&% siazaé,
this last type of lime beling disfeparded in the sverage.
When %22@ slops is obtalumed the ourve can be mﬁ:m@éﬁ in the
following memmer. The slope as determined, i¢ drswn on the graph
paper with the uaity point of the iutensity, t@m day ‘i@%ﬁ%&%g of

one, pagsing through o givesn tmmzaiﬁszm Yaluse

This transuission value is detemined for different films by
wiw@ ing s definite irvom line *@Eﬁ@h gAves o consitently good curve
on %‘%z‘y £ilm and using the transmigsion vl of the darkest sooment
of thet lines The veason for selesting this definite polnt li& te
velate difforent £ilms to one snother sc thet the resultiag
intensitios will be @@mﬁamﬁléa

| %@igﬁ%@riﬁg iron lines ¢an be used to sxtend the miwa whan
thisz m&it ;%ﬁiﬂt is determined and @m glope i» plotted. This is done
by teking another ¥ syocle log sesle similar to that used ne the sbscissas
for the gawss curve with inteusity velues from 01 to 10. 7he
intensity values of 1y 1/24 1/¢ snd 1/8 sre marked ou this second
sosles The intenmsity of ome on this second seale s placed on the
gurve slresly comsirusted =t the trensmission value for the darkesd
gxposure of sny nelizhboring lines @he three renaining trawswmission
yalues ¢f thet ﬁéigﬁa‘h@zﬂmg line are thew vlotted at the lf;‘?;g 3;/1% ol
1/8 intensities om this sceond seale, snd these points will be
additionsl points on the gaom CUIrvg.

The spastruction of the gomme észw«a is skown in the fellewing

examples Teble #1 gives the transmission values of six iren lines

in the 4000 59 region, 5t the four diffevent intensity levels.
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The transmission values of liues &y By Oy snd D are first
plotted on the graph, Pigs B The three lowsr points of esch line
are joined to glve four straight lines which represent the slove of
the gumme curve. The highest tranemission velues are sbove the
value Where the gamme curve begiig to flatten out henee csmanot be
Joined by o etreight line %o the other three points,
' The slepes of the four linssy Ay By Oy and D, are wveraged
and line B wes found to have the aversge slope {sbout 51%]. The
wavelength of this 1ine {(line B) wes noted snd the wnity pelnt
of this 1ime (1) wes then selected as the point through videh the
gamme ourve of each film must pass. This polnt will vary from
£ilm o fﬁ;gz ageording to the transmission velue of the line.

The gamme gurve passes throush the four intensity values ef

line 3. Other points on the gamms Surve may then be plotted apg

shown in Plge. B« ¥Por sxample, the values of line D are plotted Iy
blagk souares. The lowest value of line D (f.0. 4.8} is then
plotted at its oorrect fronsmicsion value on the gome gurve
passing through the points of line B, that iz, st position (2}.
Yhen by taking the other log scele and placing its wnity value

st thds poiat (2), the other intemsity velues, 1/2, 1/4, snd 1/8
are plotted snd are shovm on the graph {Fig. 5) by red squares.

Thase four points then reprasent points on the genng CuIves

Similarly for limes © snd F { Table 1 | the intensity values
are plotted by putting the highest intensity valus on the swrve

alresdy eommtructed snd salling this value unity on the movable
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log sesle, and pletting the ether three values at the 1/24 1/4, ond 1/8
iﬁ%@ﬁﬁi%iés on the movable sesle., These polats ave zhown ss Blue %%x%@&
(Line B} and green cirsles (Line Fj. The gams curve is then extended to
3@&@:@ throush theae ;ﬁﬁiﬁt&*

TABLE #1

INTENSITIRG AND TRANSMISSION VALURS FOR CONBTHRUCTION OF GAva GURVE

Line A Line B Line G Line D Line 2 Line ¥

i 2.8 4e1 {1} 3.8 4.5 9.8 18,8
i/z B3 9.8 8.2 10,17 2842 3645
1/4  13.8 2849 21.2 2440 49.1 6440
/8 518 4946 4448 B1.6 440 84.3

The siope of the gemma curvs is found to chomge slightly for different
portions of the ssme filme Four gomms carves are drawn for sach film

beosuse of this change of slope; ome for sach of the 2800 ﬁ, $200 &@,

3600 ,&’3,. and 4000 A% regions. The various llumes of the elemeats are then

veferred to the nesvest Gurve. 1L the mmalysis i for 2 single clement,

the surve mzy be comsirueted from lines im the immediste noighborhood of
that clement. |

The development of the filwm is kept ss unifoms as possible so
that the slopes of the curves will rﬁz&zﬁ% nesrly constant. The slopes
of the gawss curves in different porilons w 8 film should be kept &8
nearly parailel as possibles This 1s dome by using & time-temperature
gurve to oconitrol the time of development of = film a4 & piven temperature.
Phis curve {Pig. 6) was comstructed by Mr. We Po Hashe

The ironm spectrum is obiained by
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areing a lowsr ivon electrods with = uwpper carbon electrods.
These electrodes ave m;s% a8 in Pig, Tie The carbon elastrede is
made by inserting a 1/8 indh esrbom electrods in a hole boved ia a
1/4 ineh cerbon electrode. The electrodes are set 3/8 inch apart,
The areing conditions are as follows:

Se0tor = = = = = = = = = $4

S1i% epeming » = = ~ w » §

Secter opening = = ~ = = ghep

wowowom B

GOreen = = = w w = w » w8

ﬁ@ﬁﬁz%ﬁiﬁg&@ IR ISR ¢

- The step sector method of couptructing the gumm

time comsnmine and tekes wp three of the nine sxvosures on a sirip

of f£iim. Another method of constructing the pamms ourve has heen

desoribed by the Applied Ressarch Laboratories.

Photographbie Densitometry in Guantitative Jpectrochenmistry. Hpectre=
Chemicsl Advences #8. 4pplied Resecsrch Laborstories » Septe 1940,

Shis method depends upon the seotor method but iz =ueh faster

and has the sdvantsge of tsking v only one exposurs yeor film, instesd
81 throg,.
The method as developed by the Avplied Research Lsboratories

is quoted directly:
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"Due to the differemces of #ilm stook semsitivity omd
sonbrast in differvent babehes, and wnder alfferent develsping
gonditions, and in different reglons of the sisetrun, it is

sppavent thab % gysben muet be devised thet ellows elibration

at seversl wavelengthe throughout the sveotrum snd then

interrelotes thess cslibration curves %o give true intensity
ratios metween 1lines widely separated In the ﬁ;@@@%mm Bueh
system would dso encel out differentisl chanmges 0f » spectrograph's
gpead in 4l ffervent reglone of the speotrum snd thus, most
importent of all, would allow under gertain conditions a direct
somparison of intensity retios between 4ifferent laboratories.
This im turs would sllow 2 new ers in spectrochemistry in which
8ll systems of snalysis could be interchazuged without the tedious
rapetition ﬁfg%ﬁiﬁﬁi&rﬁ% zabion now in vopue.”

" e polibration method developed with the above con
siderstions in mind mukes use of o high stresming veloclty ars similap
to that desoribed in "Spectrochemicsl idvanves #2%. BSinee it ie an

iren are 1t serves & twofold purposs in establishing both a wave-

7/8" lomg is

lenzth seale and @ density sosle. 4 5/82% ironm peg
used in the stendsrd are base composed of 8 steel pedesisl, tramsite
bushing and graphite sleeves The earrier employed is amwonium chloride.
Qarbon does not furnish & sufficient sas stresm to prevent the peg

from forming = besd smd touching the ecarbon sleeve. With ssmonium

chloride howsver, a 5/8" arc started at 7-1/2 imps. will function
steadily for the five second period used., With the Applied Research
Laboratories sre rectifier the aurrent may be adjusted before sreing
by setting the curvent 10 106 Amps. with the electrodes short gir=

cuited, The are should of course be opened rapldly to /8 ths

of au inch hy movimg the wpper electrode up to ite siop. The
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Procedure described above, conserning wniformising the sectored
field by sdjusting the verticsl positions of the sro should be
followed when introducing this systan.

"Poar groups of lines sre tsbulsted below by wevelengths
snd relative intensities. The lines chosen as unity in each
gase are not nevsssarily egual in intensity. They mersly

vepresent sn srbitrary cholcs of unit intensity in eszch region

of the gpectrum. However, since thelr relstive intensitien sre
aslweys veintained constant iz ihis type of an are, they serve ag

& means of interrelating the four eallbration ourvesy

Phe velative intensities of the fiem lines are found to
aiffer sliaghtly from those of the spestrogreph unged st the

leborateries, hence new inbensities were determined.

Appiied Regeurch
Several sddltionsl lines were used in rodetermining the lntemsity
values and o few of the lines used by the ipplied Hescarch
Laboratories wore found t¢ be unsatisfsctory dus to differences in
the spesd of the gratings. ALL lines used heve been checked sgaiunst

the H.l.Te Wavelongth Tables wnd found to be free of interfering

lines. The velues as determined heve boen found to give setisfactory
gomme carves., Table II gives the wavelempth of the lines and their

relotive intemeitiet,
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Relative Intensities of the Ivesn Lines
Por tle Comstruction of the Irom Galibration Cuvve

27924 « 288 BL758 1.98

278841 1,97 S178.7 51

2786.8 -« B172% wi
- A766.2 s 154 B171.4 « 58

BP78.5 45 51867 ,8 +51
8F75.8 ie14 5166.4 100
27675 1400 B166.9 w56
27648 +58 3164.3 187
27621 «82 B163.9 206

85675 1.8 &9t 5.8 245
5666.2 +BOB E948 o8 Bl
$664 47 1.00 2848.1 1.50
S601 .4 o 58 E94% .8 100
8660.8 406 E94%.0 "
8669.5 Bodb 89481 + 98
$658.5 250 BO4E o4 N
G659 B2 894244 1.48
BEEY.1 +68 8941 .7 =581
SEEB.E «91 8940.% 148
B6B5.8 1.88 5540,.0 148

| Ykour govms Curves sre now randily established by resding the
four steps of the unity llgese By celling thelr dsrkest step one in each
szpes the four ourves csn be plotted ebout o vertical line designated
a8 I=1 on 2 log scale absclssse Log ordinstes ave w&mﬁieﬁ% for
plotting tranemicsgion values. Different colored pemcils readily
distingnish the four regions of the spectrum. Other limee In cach
group ssm be used to extend these curves Lo higher snd lower trause
wission voluese In doing this, the relative intemsity velues betwesn

the lines pgiven can be chpoked snd eny difference tabulated.
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“Onse these relative valuss sre lmown, with considersble
asourscy @« double cheek on the drswing of gemms eurves ig available
85 the step imtemsities must £1t the curve st 1, 1/2, 1/4 and 1/8,
md I1/1z, 13/15, ete. must be maidtained.

"4 still more importent use of the data is to use the
relative intensities of the lines snd their transmission values to
plot ganme curves independently of the rotating seoctor. %his method
proves to be bighly successful es i1 cen be mede more practicsl im
opsration than the rotating sector method., However, it sust
negepsarily elways depend wpen the votating sector wethod, = the
ralative intensity values uwtilized mmst be determined in 2ll thelr
finel secaracy st ench installdzation.

“Ihe protedure in this case is to operste the sre et 16 om on
the epticsl benoh sesle ond not uvse sny condensing lens, The votsting
segtor egzm‘%gi&g adjusted to obtain trsnemigsion resdings on the

listed lines covering the repge of transmission values ususlly employed.

4 vesular 1/18" speotrum suffices snd thue provides beth » wavelength
sonle and 2 density seceles This allows a ealibretion spectrum and
eight or nine ssmple spectra Yo be recorded on g glngle filme

It will be soted thet the lines listed are sdjescent o esch
other in the spectrum. Thus by sterting at the 1119@ having the
highest wavelenths the whole group may be resd one after the other
gseverel st o time. This minimizes srrors in rosding lines sad
mekes for even faster vesiing than with the stepped sestor. 4lse
the main srror cecarring iz stepped sector werk, nemely son~uniformity
of sectoved field dees not snter into this method.

*Referring now ¢ the four gemms curves obtained by elther the



stepped seoctor method directly or the velotive methods these
sarves 4o two things. PFlrst they esteblish the films transmission
iﬁmn&i%& seale for each z’égism of the spectrum wgzsmngg and
socondy they sstablish 2 relative £ sensitivity wavelength
scale that mey be used to compare lnes in widely different regions
of the spestrums

“For oases where the line of the element to be measured end
the imternsl stenderd line sre within s few huudred sngstroms of
each other the &g;;}mgariaté gamma ourve relatimg to that region of
the spectrum allews their intensity reties to be osleulated directly

in the ususl memner. This 1s most essily dome by making the imternsl

standord line unity 2nd resding the limes to be compsred to it a3 &
fraction of thet lines This gives I‘&k {etandard] directly.

| “However, the csse where the linss to be compsred are separated
by more thsw several hundred angstroms regulres the use of two gsmum
Surves. ‘i*;;’}aa procedure is identiesl to the previcus ome exsspt that

on the goums W@ pertaining to ﬁi& region of the

sach line is read
spectrums Thie introduces an arbitrary w:zstm’e_i@xw the intensity
rativ, nemely the inteusity ratio of the irem limes czlled unity

wsed to set up the peme eurves, but 28 thiez constant ig sutomstically
gbsorbed lotc working eurves relating intessity reties o concentration
this does not complicate matterss Further, sines this procedure sorrects

for proctically all varistions in film's and specirogrerh®s charasteristics

it is well worth spplying consistantly to 2ll work cevering much of the

spestrug.

“if the gamms curves obteined in various reglons ¢f the



spectrum are parelliel ov almost so, the abtove methed of Filp eslie
bration is very satisfectory. However, if cuwwves relating to
adjecent vegions of the spectram ave very different inm slope then the
determination of intensities of lines of intermedisate wavelensthe will
be wncertain, %ﬁ%, the genersl sim should be to euploy film steck
apd developer that glives roassonably parallel gemos curves througheud |
the snelyiical renge.”

The lower olecirede wsed in this calibration is shown 4n Fiz, 73.
A 46 $inishing nail is puiteblé for the iren poz. The armonium chlovide

wsed 28 o cavyier mueh be kept 4y in & dessicater.

Application %o €, I. . Svectogrash.

The preceduve of deterninise the new waluss for the iron

calibration ourve was as followss

The best position for the elestrodes had to be detornined
sinse with the condensing lens removed the intensity of the Lines
varies with the pesition of the elestrodes, To do this, three
174 inch emposures were nade on & film with the condenslng lens

removeds One of the euposures was made with the electrodes cenbersd

on the sizhts on the ground glase plate, one with the clectrodes 1/8
inch shove the sights, and the other with the clectrodes 1/8 fnch
below the sights, The lines were meawuved on the densitomeler to
find the slectrode pesition whlch would glve the most constant
trangmission value over 1/16 dnch of any lise, This posibion was

determined as 1/8 inch above the sighls snd the pesitions of both

elsetrodes were mayked on the ground glass plate by two small
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%@”é‘%ﬂ'ﬁg areings with different exposures were mede to determine

the proser arolng conditions for the axlibvretion. It was found that

pue tenth of the exposure used by the Applied Hessapch &%%ﬁ?%%ﬁ%’ié%

gave about the right transmisesion valuss for the svettropraph used.

The areiug conditions ss determined arve:
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Gondensing lens - 4

The tlme should be vary csrefully conirolled, o woteh Wwaing
used wather then the timsre which oedasionally does not stard
for twe or three seconds after the sre is stradi.

The relative intensities of the ilnss were ﬁgwmﬁz@z} by
photographing s iron secstor and iz iron spectrs on 2 single fi;ﬁﬁ%
The pawms curves for the four veglons of the filwm wers deternined
from the gedtored aspectrom as slresdy dessribed. One of the iren
Linss to be used oy the iven callibration ourve was then seleotsd
a8 havisg sa fotensity of oue, and the gams wrve wag drawn Lo pasgs
Shroush the "E?iéﬁ%ﬁai%ﬁim’s value of that lines The relative intensities
ef the other linss of the mume enposure oould then be ﬁ%%&mﬁw&
by veading thelr tronsmission values on Yhs growis Gurve and determining

their relstive intensities from the gravh. This wis done for 21l six
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sxposures on the film and the relative intensities were averazed, The
same procedurs wes repested with twe move films and enly these lines
whose intemsities closely sgreed on all three films and all eighleen
sgmples wors seleched $¢ be used.

e values as deberwined are given in Table IX. The technioue
of sweing these sawples for the ivon celibration curve must be kept
vary constent as 4% hae been found that slicht changes in the technioue
affect the relstive intensitlies morkedly. Beveral film were euposed
before any constant values were obtained, but onge the techwmicue is
mastered the wethed gives excellent resulte for the comstruction of

the gamua

gurves, 7Tbe lines used yun in series which eve quiddy
recognized sud mey be vead in a very fow minutes,
In resding the lines for the lrvon ecalibratlon the background

of the film ie dieresarded,



The @wﬁwﬁm of the lines of an element on o film depends
net only on the concentration of the element, Wi also on the smound

of exposurs of the film, the swmount of sample used, and other variables

ey enber inte the arcing of & ssupley so that these varisbles
rst be cancelled gut AT auy soouyate gnalyses are te o made. The
internal stendard is used to elinminsle lrrosularities due to varviag

smounts of sample and variations in the sreing of the samle.

The internsl sbtandard is an clement that is present in & consbaud
ameunt in every sample. It may Ye either added, or present natuvelly
in the smmgﬁé, Since this element is present in a consbant amount, it
ghould slways have the same inbensiby, but in actual practice the
intensity will veyy depending upon how much of the sample 1s arced,
how long it &s emposed, the amount of current used, and other arcing
variables: so thal the sotusl inbensity of the intermal standard line
gives a meagure of the sum of the veriables dus tu the sreing of the
sample.

These variables may then %:zgg slininated by ewnvesging all the
inkensities of the other olements as a vatle of the intengily of the
internal standard. For emample, if a 1ithium line wes belng used as the
intoynal standard it might give an intensity of say one, but if the
gzpogure was doubled ite intensilty would be two. The intensity of the
pnknown element, say irom, mizht be four in the first case, but vhen
the exposure was doubled its intensity would be sight. The inbensity
ratio then would cancel oub ¥his erver of doubtle exposure, since

I.. b g
B PR,

Thg 1 2



lizposures should be kept as uwnilorn as possible and the anount

of samvie to be syoed should be wed

The intensity cabio wder thess carefully conbroiled conditions

od to tlmg.

hiss o direct zelation to the percentage of the clenent present in the .

sample,

The internal standsrd glement wsed muy be the mejor constituent
of the ssuple 1¥ thai clement ip present ln amounts over g0, If mo

gonstituent io present in this sn

want, then o known eameunt of some
od,

It iz prefevcble o mixz this eleménd iun solubtion, bub in the

clement that ig mob present in the ssumple may Le ad

case of ore semples this iz lmpracticel, so they the sample end the
internal ebondard wmaterisl must be thoroughly mized and the grovnd

together in an sfate mortar,

In the ease of the analyses in the second pardt of this thesis,

the internsl stondsrd weed ig Lithiun vhich is added %o the gample in

fhe form of 1ithionm mﬁa:@m‘%&. The internal standard live used ig
the 475 A% 1ithium line.
For vein quarby semples with 50% or move silica, the procedurs

49 very moch elnplified as silleon may be used as the internal ol

In this case the 2W43.h4 A6 silicom line is sulbable for the inbernsl

ghandard Line,

The samples from Goldfiecld ere channel seaples weighing fronm

5 - 10 1b8. These samples weve crushed e nimus 1/2 imch in a jJew
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srughers After coning snd guasrtering, one guariter of the ﬁ%igiﬁﬁlr
sample wes ground to sbout 200 wesh in & Brovan Chipmunk pulverlzer.
The pulverized sample was split into twe peris by 2 Jones
gample splitter. From es¢h of these balves one ssmple was further
split for aveing, so that ecach originsl ssmple was sreed in duplicete.
Boeh ga@@&%'wﬁﬁ gpiit to aboug %ﬁ grang veing the ssmp Jones
gample splitter, snd the irom from the crashing md srinding wase
removed by sn electromsgnet. The sample was further g?émﬁé fow
shont thres miputes in o sgate i'zrt;m* wutil 211 greine passed
throveh s 200 mesh screen, and then split te 20 - 60 mge by an
Dbito mievenplits
Phirty millipgrame of the sample were seourately welghed on &
chenical bxlance apd mizmed with 30 mg of the carbon garrier and
60 mg of 1ithium @rbonate for the internsl standard. The mizture was
Elret wmized ‘@sﬁ & plens of papery then pround for about thrse mloutes

i en e mortar. Hightesn milligrams were welghed accurately on

8 chemical belance and this wos the sample areed.
The carbon carrier is used to keep the sre burning smoothly

28 otherwise the sample may spetter out of the electrode zmd cause
errors. The carbon is prepsred by burning cerbonm electrodes snd
£11ing off the burned carben with s file that is used for that
purpose only.

Semples whick kge over 804 silieca would be prepered inm the
seme way except that no lithium cerbonate needs to be added and

the carbonegample proportions might be changed.



4 disk type of slectrode {Fige. 70} is ussd to are rock
samples. The sdvantege of this disc slectreds is that it sllows
the saeple te be completely buraed since the sro is net broken
wntil efter the carbox dise swd &1l of the sasplo on 1t have Leen
cpmpletely consumsd ia the sree Because the ssuple s burned
pomplotely, even the refrsetory elements are completely voletilized
gund there ore Bo orrors w&@ to & fracticaal distilistion of the

fn guantitltive sreing, care should be teken thet none

of the semple spatisre cut of the elecirode without belng completely

voletiiised. Spettering csuses major srvorg sud of course duplloegte
sumples will mot checks

The diskes sre cub ond drilled or slatbe ond the central post
is shorpensd with & penell sheprperer. L bushing with sn i;@ inch
bels is pleeed in the ¢puning éf the peneil sherpemer to adspt it %o
the i;$ ineh csrbon rodge The upper elestrede iv the saws ss that

bl

we curve {Flge TAl. 1t hss been

vsed In the prepavetion of the

found that 1f the tip of the wrper electrode is slightly sherpened in

the peneil sharpener, none of the semple spstiers out of the dise

when the sre iz strutke

g
-

agh gpsrte They are &t the

fulie

& of w

G

Phe slectrodes ave ploosd
vroper positien for sreing vhen the flat part of the dise is plucsd

ay sight of the groued glase fhie, snd the upper slectrode

g the ¥

is plaeed 2t the ink mark Just sbove the lower alght.
Fagh of the duprlicete ssamples le¢ divided inte spproximetely
three eousl partse Fash part is sreed on a separste dick, but the

thres areings 20 on the some exposures Ao all rook samples are Tunm

in duplicate, siz ereings nd twe sxposures ¢6n the film sre made fop

gsch chamnel sswmple, The upper elestrode is chenged with each
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different rode sample, that is, after every siz sroeings.
The areing conddtioms for the rock ssmples vsing L1 ze the

internsl standsrd gre:

Gsctor numbey = = « & = = &« Z
B1it cpening = & » = w o = §
dector gpenlnge » = = » = » 10

éﬁ‘%}%’g wow s aw w me W ex e @ w30} subE e with %R%@%@%&%
short clrenited

&

Gognls o o o ® ® o ow owm owm @

arced until disk completely
wurned. {(sbout 40 ses.}

%@3@&@21““%““%%%%%&@%‘%

Tong = = o = e @ = & 5 & ggi

The ﬁ%i@@?%@ﬁ@ polarity® ewiteh 1o thrown g thet the lower
electrode is positive for zll this welk,
The smpersge s set with the eleotrodss short olreuvited
bufere the are is %t%umk‘&nﬁ is not chanpged while the ere is burning.
Eagh foot of filwm 1¢ narked by the mens feeturer with & footage

numbey snd we use this nusbey zs & regsord of the filum.

The ﬁiim@ gre developed inm varaffin covered wooden tumks 177
long, 2° wide, end 4=~1/4" deep. The films ave placed on a wire holder
ani the developer solution is spitated with o paddle {Fige. 8l.

The film iz developed im half strenpth D 11 developer, the
develorment time being determined from the time=tempersture urve.
About 650 ¢e. of develover are used, and for gquantitative work, new
developer iz used with gvery three strips of film. This "used

developer may be saved to develop films for guslitstive analysise



¥ig. 8. =~ Developing bex, film holder, and paddls.






Hfter sy %Ewm;ﬁb the fi@%,i§ trested for sheut ﬁﬁ%’miﬁﬁiﬁ
in short stop {88 1), fixed for 15 mivutes iu hype {¥F 1}, znd waghed

for shout &0 mﬁﬁﬁi%&;

Eaoh slewent wusnelly bas several lines present wlithin the
range of the #ils, but ths intensity of thuse lines muy vary withia

wides 1imdt

¥

s« For best qusntitetive vesuliss ¢ line chould be chosen

wkich gives & tranesission veading betwsen 104 znd 507, if pocsible.
Vhen & line is too heavy 1t may wnderge self sbeorpilion saud the

transwission velues will not be scenrsiec. The ganms oorve s not

us soepavete fopr lizes wiith o tronsmission valus over B

lines 1o B8Ge

In the cesze of the cemples analysed In the secomd pe

thesis, B apd Zy aiw v hsd tronsuwission wlues of over
these wers the wost sensitive lines they hed to be used . The

wion values were otcesionslly under 100

4

slasion value boosse boo low the elements wers peporied zs I

then 100,

swbar should resd gers when ne 1isht is

Teils sdjuctment le wade by the 1left bs snd knob on the
dencitometer, The buttom pleeing the s1it on the film is them prossed
with the 511t set gvar s é1$a$§ unexnossd plage on the film. The
pointer om the denmsitometer is thenm sdjusted to read 1004 fransmission
by the usge of the right hand knob on the densitomstere This ad fjustment

te 1007 should be wsde every time the speotrum is shifted sbout 100 40

a0 thede zve pooy
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In operating the densitometer, cars should Q%H%ékéﬁ to always
turn o8 the Eﬁfé hend sﬁiaaﬁ.fiégﬁ sad to turn off the right hend switeh
firste Otheriise the mater bearimgs wmay be domuged.

then resding s line to determine the treomemiscion value of ag
glement, bath the transmission value of the linme end the nelghboring
baokepround must be resd, since the transanlssion valus of the line is
esotuslly the trensmission value of the line plus the backeround.
fhe jmtensities of both (line plus background) spd background ave
determined from the gpoma ourve. It it necessary to sublpast the
intensity of the bechkeround from the line plvs backgrouwd o obtalm
the trus intensity of the line.

e, 4

£ - 1 =
gii&s buckpround backpround “line

The inteasity ratlo - is obtelined by dividiar the intensity of
the slemeat by the lmtencity of lithium.

Table 111 and

Fige ¥ give an example of how the intensity ratie
of an elewent 1 obtainel. In Talbe 111 A4 tramemission resdings of
1ithivm srd ivon are siven. The intensities (Tabls 111 B} ave
ebtained by nlotting the tronsmission values o8 the gomsa guwe
{Fige 9) 2md resding off the intensity welues., The intemsity ratio
is the obtained from these intensitl ese

“he whols filwm nmst be read in the come duy slues ths film mey

fade slichtly andl cause some chznge in the slove of the some GUPVES.
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determining the Infensity Rafio of an Element
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A3l anslyses im this thesls ave éﬁ}?&*@%fs@ﬁ 2z Intensity Batiog.
The intensity ratio is direetly related to the percentase of the
slewent present in the sauple. For small ezgﬁﬁmmi % of 0 slement 1t
is & strelphlt line reletion as im Plge 10.

Howevery when & line besomes too sbroug, it unlevpoes sslfe
abserption with the result thet its intensity lo not as high as it
should be for the peroentase of the element presant, henos for highe

B

Lran o

sgion valeess the surve bends to Tlatten oub a5 In Plgs 1le
This does not take plage uwntil the tromsmission velune iz below 10%.

The procedure to constrsct the ocurvs relating intensity ratioes

to sabtvel poroentare iy 0 prepare stapderd s v by mixing aown

ampants of sn elenent with 2 sawple nud detoraing the Intensity ratioss

13

These inteasity zatiss way then be plottsd

&

lust the uown pore
gentapes and the cupve may be eztablished. Ushgoun somples may then

be veferved to thls ocurve and the perceninges 48

L

Thig Is ¢ tims cousuming progedures so it

=

parpose o this

rosuits 58 the aotusl

Yo cheok the accuraty of the meibod 2 single sswple was gplit
inte four paris and it was found thet the resulis chesksd to within
310% of the sversge valuge. Ths swus procodurs was repested with twe
additional films to chesk the differencs fyom film to £ilm and 1%

was fownd that the resulis remainsd within the syver siated above,



RELATION OF INTENSITY RATIO TO ACTUAL PERCEXT
FOR LINFS WITH 10%

507 TRAWSMISSION VALUR

lelement
Istandard
%
Pig. 11
RELATION OF INTERSITY BATIO ACTUAL PERCER T
FOR HEAVY LINES WHICH UNDE

RGQ SELF ABSORPTION
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“glement

‘gtandard
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It wmey wlso be noted thaet this ervoy is the some 'ﬁm%}z@r the slewmeny
exists as <O0L%, o01% or 1%

The duplicate sawples chesked to within the z2u0ve linmits even in
the fow osses where the trangsmission %mé wag under 10. 4 straight
line relotion between intensity rotiv swd percent probably does nod
exist for thsse low trosevwizglon values as the oueve would tend fo
flatten off 684 dus to golf absorption of the linss. Hisher intensity
ratios however do indiaate ’ﬁ’ﬁ ineesnse in serssntasse of the element,

in f86t 2 unit dneresze in thess higher volues would be prestey thasn

s wnlt inovesse in the lower walues, dus to the flatiening of the
SUrTE e

48 with the Ironm celibration wethod it bas besn found thet
gtmmrasy Inoresses wlth the emperl @t of the opersitr,

?h@ seouraty ¢f this method compares favoravly with ths accumaoy

‘wf chowiesl wmetinde of asalysis vwihen the dlowendts are nwmaent in

smounts ravging from 18 to B of the sempla. The spectrpscope g

[
&

more stcurste for waluss velow 19 sad will detect smsller smoumts
than chemical methoeds. %The chemicel melhods are mpst seourate for amowmts

over 5% ss them o 104 error besomes sppreciable. Por exemple & 57

- 5 b danas gl P T SR DU R SR
result misht be botween 460 ad 5.8 when deternined by the

£

goestostonlie mihod.

c pvallabls for e

¢ ghacked well with {hase susayi.

Fothing has been doms during the course of this work on ithe

gensitivity of the wsthod sinee no sctusl pavreentsges weve deteorminede.
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However 8 vough spyprozimetion 6f the sensitivity may be gi%@a\%§4wﬁ&%
is kuown of the pereentage of silver preseat ss shown by the assay
velues snd the intensity ratioz of the silver obtalned frewm the spestresraph.
This sesms to show that the lower 1limit of silver detectable is
about 1 part in 2,4000,000 parts of smmple. The vsluesobtained by
the soplied Degesrdn Labsvateries for gﬁ&lia%tﬁ?@ snalysiy show o
senaitivity of roughly two to four Bimes grester, since there iz no
dilution with 1ithium earonste end carbon sarrier. Frem this
somparisss the ordsy of the sensitividy @fltﬁa alenonts In this

way be deternined from the gensitivity of the slements as

e bhod

determingd by the Apprlied Resesrch Laboratories for the %ﬁﬁii%&%i?@
snslysis wethode It i @@@%w$i§ﬁ§ that these are ouly approzimstions.

Table IV *i@@ the averozimste linits of sensitivity for the
Lithiva Dilution methede

devauty of the nlaety=twe slomsnts may be detecte’ by this

The uadetecteble elements include the halosens, the

zases, cevbon, zulphsr end selenium.

Table showing sensitivity of the elements for Lithiom Dilution Hethod.

ﬁ%ﬁ@& o i ’;% .aégz ¢;“§§§ aﬁ%ﬁ
hgrg Bag %@ o, Hay 4l Aue B, %§§ Hay 48 g;g g g
Gae Yoy Sve  Ury Hiy Be, Bi, Guy, 38b, W, Ta, Zv, P

g@ # {gﬁ 8 g%g xgjt% @%g

@%g E"&‘-g g%g Q&g ?{i@

b6 @ ;}zﬁg 551 E ﬁi U]

Tie Ve Bavs -
garths.

By shanging the inn tfuﬁﬁg@ 0 thes other setiing e snd ¥ could

be deternined to asbout L000L%.



Aokheckr was wade ou the purity of the reageats by aveing
the 1ithius corbonste snd caridon carrier amd it was found that
impurities preseat in the electrodes, the lithium carbonste,
and the sarrier, were vepligible as far as this pwblem was goncernad.

The pulverizer plates proved to be 2 mejor sourcs of

The plates were onsliyszed sud found to be prinsipally

o ghrome-man-ansse stesl containing shout 14 Or, 1-107 Ua and

15 81, The slootroemsznet, which uvses 100 volts and 2 awpse,
romoved noet of Lhe shtesld from the pulverized saumples, bub tosds showed

<

that enough steel remsined fo affect determindbions for small awounis

e g Mg g o
”f/é:}& wF By

Steel uot Reougved
B EA

The snalysis of 2 hord gpevts sgaple {4 118) which was ground

by the pulverizer and hed the steel removed by the slestromaguet is

23

wown in Table Vi, columm A e same sample ground iz an sgete mortar
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is shown in columm 3., OColums € and D zre malyses of 2 soft, sltered

wallvoek sawple showing that mueh less steel s Jeft in s soft samples
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antly these elewents

o the robios of lron snd dheondy

e 2 i #
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sufiicient

41 v gannot Be naed,

et 1€ ds moet suilitient to effect the dif¥fsvances in thy ratios im the
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1f snalyses for very small amounts of HMa and Or were desired
it might be possible to remove the steel remaining in the samples by
an 26ld leach if the stesl is 24ill in the metallic form.
1f snalyses were m&éé for «5% or more of ¥n, Or, and Si,
the impurities left by the palwrimé would be negligible. HNone of

the othey elensnts were affected by impurities from the pulveriger

plates.

% and 8¢ are present In all somples, but the wmost sensitive
line of eadh ¢leowent is too strong to glve any trsnsmission value
end the next most sensltive line iz too wesk to sppeare These elemenis
¢ould be determined %‘3 cutting down the exposure but thls wonld
reguire ot least twoe, @d perlups four more exposurss for eadh szwnle
anziyzed in duplicate. }
Potaselum Is also present, but iz too wesk to be measured. It ;

gould be determined by seking 2 much strouger oxposure or by cheuging

the vhole spparatus o photograph g dlffarent part of the speotrum
where there is a more sensitive potessivag line,

Gallium iz present 1y most samples, but 1 iw waaé: to glve
good guantitative values.

%hen oopper g reported ss having nn intensity ratio of greater

than 100, it likevisze could be detormined by making s reiuced exposure.
o other copper line is sirong enough to appear st the exposure used
in this work.

High masgnesium values cem be determined by using one of the

meny weaker megnesivm lines that sppesr at this exposure.



The gquantitative sualytiecal procedure out lined in the preceding
pager regquires 2 totsl of about nlue hours for the aegamﬁgatim of
four samples, 1.0. one f£ilm. | 4 gueantitative determinstion in
duplicete for eighteen elementz is obtalned for esch sample.

Bny further elements that wers preseat would require but a few more
minutes.

The vprepsretion of the samples, including ovushing, grindiug,
splitting, andmixing with the intermal stendard, has been found to
congums the greater portion of the time. The eotusl analysis,

including the sruving, developing, reading the film and caloulating

‘Eﬁé& shout four hours per film, that is, an everage of one hour per
sample when seversl samples are belag rule
it is probable that the procedure could be speeded up 2 great

deal, if the work was being done for commersisl purposes on a largs

sesle =nd with the proper sguipment, housing, and division of labor.
Standards would beve S0 be st up for the deteminstion of porctentages
of the elements, but once this was done, the stanisrs would be goed for

211 snalysas.



PART II A SPEGTROSCOPIC STUDY OF SOME ORES AND WALLROCK PROM
| GOLDFISLY, NEVADA

IETROGDUCTION

In the second purt of this thesis the gemeral geclogy znd the

geology of the ore deposits st Goldfield are trested briefly.
The locstion of the samplas collected, thelr cteurrence, snd
petrogravhy are desoribed in some detall. The tables of the
vook snalyses are followsd by deseriptions of the occurrence
aad relationships of the individusl slements, snd the results
of the study sud possible future studles with the speciroe=-

gravh are summrized.

GEOLOGY OF GOLDFIZLDY WEVADA.

Genevel Geologys
The following 1s & short abstract of the genersl geclogy of
the Golafield district as desoribed by Honsons.

%ﬁa&a@m, E: »&a; %s%mgg m @&r@ E@@@ssi te i‘e ﬁ%léfi@lég E@vaéag
He & ner 66, 1909,

Goldfield liss mear the easterm border of Dsmeralds County
in southesstera Wevads, on the scuth rim of one of the typical
degsert bagins of the region. The hille in the visinity of

folasield form an lvre

gular group, have no definite, trend and
bhelong to no recognized wountsin rangs.

“phe distriet is essentially a low, domisal wplift of Tertiary
lsves resting upon & foundation of aucient gremitic and metamgphio

rocks. The erpsion of this flat dome hes exposed the pre-Zertlary



rocks at a nwsber of plaves in the eentral part of the distviel a;;ﬁ
these ouvtoreps asre surrounded by wide concentric zomes of successively
younzer ﬁ@m&%ia}zm Zowe of the later luves vere erupted afier the
é@émé had been slevated or trumeated.” |

The basement consists of granite intruded lnto Cambrimm shales.
Several rhyolite flows lie on this basement; then come flows of
gndesite or lstite into which iz intruded a thick sheet of dacite.
Laks beds and flows .@f lete baszlt lie wpon the sndesite. The lava
flows st interoslated lacustrine beds probably range from Docene

$o latest Plicceng.

gra Deposits. The Goldfield deposits have been classified by
Lindoven as Gold=Alumite Bypdthermal Deposits.

The grastest part ef the ors in the dlstriet has boen found
in the dzeite but it is alep Huown to ocecur In the rhygelite and
latite, and in the shale nsar the latiie contact.

The ore deposits occour im "ledges”., Structurslly the ledges
are *irregular masses of asltered sud minersliized rock traversed
by small, irvegularly intersecting fractuves, such fracturing
pessing in wmeny placee inte thorough bresclation.” The ledges ave
usually intensely silicified snd the ore pocurs iu shoote and
pockets within these ledges. |

Fige 12 ia s disgrammtic sketeh of some of the principal
#ledges” or veins of the Goldfield district. The greatest part
of the gold and silver preduction of the distriet bos come from
the Gonmsolidated ledee vwhieh contained the rich ore shoots of the

Yohavwk, Florence, Red Top, Junbo Ex and several others. The
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Fig. 12. Disgrammatic sketch of the veins at Goldfield
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ledge hes ¢ evescent sheped outerep snd dips towards the sast.
It is fyregular snd veries from o few feel to possibly 560 fest in

widthe A vertical ssotion of the Gonsolideted 1

edge i shown in
Flge 13,

The Sumbo vels trends :%&@lg nortk, but has many gharp
engled bends. The vein ranges from about foeur to ten feet wide
gad fivs aimg% %r’e:‘e@@i, It haz begun stoped litspally for akw’s
400 feet and to & depth of from 200 to 300 fests The veln may commect
at dspthn ﬁfi%@ﬁ;@ %ﬁmﬁﬁ%_i dated velp sud 38 contivued slone strils
m@iﬁ Join the mzin Consolidated "velin™ nesr the Florence shaft.

The Clermont vein, like the Jonsolidated veln, dipes to the
sast, but due %o the lrregularity of the vein its ezact dip is not
umown, The Clermont vein cais across the Juube Dx shaft md may pose
gibly Join the mein Qonssclidated veln nezr thy 830-foot level of the

Yalvet shnlt,

The minerslogy of the Goldfield distriet hus been

deseribed by Hasiings sud Berkey,

Hesbingsy Jde Do and Berkeyy G Pop The geolegy and Felrography of
the Goldaflield Mining dlegtrict, Fevadae Tranuse Aeli., vol 37,
1907, ppe 140 « 159,

Renseme, U. Se G § FProf Paper 68, 2nd Tolman snd Ambrose.

Tolmsn, CoFe and Jnbroge, Je¢ We, The rich ores of Geldfield, Nevada,
Zoom Goole vol 29, pp R5% - 279, 1984,
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The gsngae sizerals in the velus conmelst of quarts, chaleedony,
glumite, kaolinite, zivoon, epldete, end sometimes opal.

. Rensome has recognised thres types of wallveok alieration in
the district. The flrst and most intense type iz when the roecks |
hove been changed to porous, Tine gralined ogeresstes conslsting
esgentially of gﬁ&z’éz which compose ¢ the characterisite ledgos of
tzk%a{ digtriot. 7The second is cme in vhich the rodks have Beem
shanged to & comparatively soft, 1ight colored mass of quariz, kaclinite,
slunite, and pyrite. The boundary between these first two Lypes
| of altaration may ve wery sharp, but all gradations may be found
between the o tg@*;;éa when the sves is considered ss 8 whole. The
third type of alteration is :@g g0 closely assonlated with the cres
and 1s propylidic in cheracter since 1t oumsists of the development
of saleite, ouarts, chlorite, epidote, and pyrite from the original

rogk. This third type of alteration iz guite dlfferent from the

alunitie type and the twe types are rarely fouwnd togsther. Alunite
is not found im the prophylitic type and cmlelte iz not found in
the alunitic type.

48 sumsarized from Tolman and Ambrose, the ore minerals inslude:

Pyrite. Commonly ssseoclated with slumite ond charasteristic of

woat of the 0P48s

Ylarensite. Himor in o

ant, oocurring similar $o pyrite.

{40, Reported in smaell smommtbs by Hamsome, buy Tolmsy
gnd Asbross found 1% sbunisatly iu the Mohawk Jiine.

Primovy mineral associsted with sphalerite.

¥rasent in considerable smounts in sous mineS..



TABLE VU
silica silica

-~ kaolinite and alu#i#e
— — pyrite and maercasite
famatinite

— — tennantite
—— sphalerite and wurtzite
- bismuthinite ‘
goldficldite
e et e e B0 UAKNOWR mingrals
e Au, Ag tellurides

— gotd with some silver

Paragenesis of minerals at Goldfield
(After Tolman and Ambrose)

TABLE Vi

L e e e e e — 310,
- S
~~~~~~ Fe
By 4
——— A%
B I - 1
Sb
Cu
e T
— Au

Paragenesis of elements at Goldfield
{After Tolman and Ambrose)
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ainte. The predoniusting mwetallic wineral iz the ores.

ssasiated with famatinite and golafidiite.
ditee Ocours in relatively small swowats intimately
esgoelsted with other minersls.

Petzite, bossite, and sylvanite.

Coour iz wmigute amoumts latlamately imtergrown with one sncther amd
with goldfisldite and/or bismthinites
| geld. Two types of gold presenty s brignt yelilew gold asd
one witk & distinct reddish colors
k 4 tin sulpho=salt hes alse bean found in the Juubo ¥x mine in
the course of the preseat investigaticn.
Tolman snd imbrose have given two tables for the sequence of

minevalizaticns These are reproduced in Table VIl snd Table Vil

LOCLTION AND DISCRIPTION OF THE SAMPLLS FOR STUDY

Part of the samples from the Goldfleld distriet wers sellected
in the spring of 1940, while others, notsbly those from underground

in the Jumbe Ex mine were collected during the sumer. The samples

sollected im the spring wereprincipslly from the 225-foot level of

the Glsrmout nine sadfrow the Jumbs velin ncsr the surfece.

Jumbo Ex vein.

4 sulte of samples from the Jumbo Iz mine, conmprising sawples
G 101, G 108, ¢ 108, G 108, & 109, 0 110, € 112, & 113, and G 118,
were toksn dong the veln Lo deterzine the behavieor of the elenents
in the vein 1tself. The ssmples ave chanusl samples tem to twanty

fset. apart esllected acress the width of the veln on the 880-food



level. The sample msp with assays as dvawn by Dre He Jo Fraser who
collected the samples is shown la Pig. ld.

A& thin seotion of o typical sample (€ 11} shows very fine
grained guerts with a ¢lear aoarser guartz deposited along small
fractures which é@@&ﬁiﬁﬁsiﬁiy widen to form eBall vagee Onme or
two percent of sulphnide is present in sddition to the quartz.

The silicification has completely destreyed all traces of any
eripinal rodk %ex%aré‘~ Apparently this is s good example of Ransome’s

first type of alterstion where the rwek has been completely silicified.

Cleraont veln.

- The sulte of ssmples from the 225-foot level of the Clermout
vein, consisting of samples G 4%, and & 6O = G 79 inclusive was
eollected to represent o sulte of gamples from the veln around &
good ore shoot, and 2 sar};a@ of wellrock szmples Trom both the
hanging and i’fwﬁg&ll sides of the veins A sample of the

silicifled outergp of the Clermont veln {0 96] was taken 41 ysofly

over the gre ghoot about 40 - BO feet abovs the fop of ‘%f&zﬂﬁi’f@s 4
dampls G 94 is 2 vein sample from the iﬁ%@wﬁ@% lavel of the velin.
“nis ore shoot of $he Clermont veln lswmesrly verticsl pipe
about 20°' in dlsmeter evtending from a depth of sbout 450 Teet
below the surface tu within 5O feet of the surfuce. A4t the 228~fool
level thres or four branch pipes have separsted from the main pipe.
fhe ore shoot, mined during 1957, predused about §700,000 in gold.
4 geuple map of the 225-foot level is shown in Flg. 18, The
bvoundsries betwesn the veln snd highly sltered wallrodky and between
the highly sltered wallvock and fresher wallrook sre sharp aud may

be easily recognized uwndevground.
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Three of these samplog, 1.6.y 0 61y G B2y, axd G 56, were selevted
od wallroek end freshey

as typical samples of vain materialy highly sliter
wallrook and were gtudied uuder the microscopss
Phe vein sample (G 61) consists slmost eutirsly of very fine

grained gilics. 4 few large fraing of unstrained guertz, probably

originsl shenoovysts in the dacite, sve in varlous stages of replace~
ment by the later quartz. Pyrite oceurs in smell smoumts, wsually as
very £ine particles, %he vein m%ﬁﬁ on the 220-foot level of the
Glermont vein is thersfore very similar to the vein materisl on the
BiD=%o0t level of the Judbo Bx mines It represents Hausomets fvet,
#nd most intenss type of ﬁzmmﬁm ﬁiﬁwﬁgh some of the orviginal
guartz phenoorysts are not completely altervel.

in the sample of the highly altersd dacite (& B2}, only a few
gusrtz phenoorysts ramwin to show the original texture of the rock.

The groundmass is & pertislly iron stained, fine grained msss of

aizsmwg :g&wmt knolinlte, and pyrites The guwsrby phenocrysts

ghow attadk by the sitering solntiens snd some pyrite hes heen
deposited along the fragtures iz the quariz. Ziroon coours as an

ughout the gestion. This zoft highly &imwﬁ

agsesgory ninersl thre
wallrode usar the w% reprezonts & very advensed stage of Zensons®s
second or aluaitie types The soft highly sltered wallvedk grades
within a foot or two into & hsvder, fresher sppesring dacite.

fn the falrly fresh sample of wallvedi {8 56}, the original
texturs of the declte is well preserved and oven some of the labradorite
appesrs quite fresh althoush wost of the crystals have beem portislly

gltared to slunites The forrowesonesiazns have beoy completely altered

and ouly potehes of pyrite sud alunite remaln ss pseudomorphs. The

gusrts vhenoeryels sre guite fresh andfgazé;%a slse esecwrs In small



veinlets. The groundmsss is sltered %o guartz, slunite, kuolinite,
aad pyrite. Fyrite iz very abundante |

The 225" level is below the zome of oxidation which according to
- Bansome exbends sbout 150° %&1%&*@ the surfacs, so that surfoue oxidation

Beg not affested these nompless

Jumbe vein.
The sulte of samples from the Jusho veln, comprisiug sawmles

G 10, G 18, & 18, € 19, G 22 and G 26, were taken from the hamping wall

{west] side of the vein te determine the changes in the dasite wall

2y & velpvas afgis’g;swamhﬁ on or near the surfaces The wallrods Sé%mzﬁ%&%
6f the dselte, including ¢ 18, ¢ 18, ¢ 19, & 21, and § 22 were taken
from = 2dit russning perpendicular to the velin abeut 20°' below the
garface. The samples wers taken 67, 16%, 28%, 4B%, and 60" rospeciively
gway from the veln. 4 sample of velatively fresh dseite (G 27) was
eollected geveral hundred feet %@a&z in the foctwell of the Consolidated
ledge to detersine the difference votween fresh sml altered dasite near

the surfaces 4 sample (G 10] was tsken from the hanging wall contsct

of the ledge and the dscite countyy rouk and contalns both ledge material
and wallrogke The Jumbo veism has been stoped oube but s =smple (G 26)

ef the silicified ledpe where 1t is foo low grade to be clessed ap orve

wag obtalned within s fou feot of the start of the wallrook sulte.
The ledge materidl is 2 1ight browm, brittle, silicevus appearing

rogk with many tiny wgse In thin section 1t is composed largely of

extremply flue grained guertz zud o few quartz phencerysts embayed by

the Iste silicifientione 4 fow straight edoed potches of flne grained

gilion and pyrite susp

sst original phencerysts, probably of seme

ferromagnesian wmineral, now completely altered. The small wugs are
lined with quaréz erysisls that are somevhat coarser grained than the

general groundmass. This ledze is similsr in composition Yo the
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iedges of the 225-foot level of the Clermont mine and the Bil0-foot
level of the Junbo Bx mine.

A thin section of sample § 10 chows the contact of the velw and
dsgite wallveok to be fairly sherp, The gradstion from veln material
o wallrock ocours in sbout one millimeter. Both veln and wallrock
sre very fine grained, but in the wllrock yyrite end slunlte snre
more sbundsnt snd seme of the pyrite oceurs im larger pateohes as
paeudomorphs after ferromagnesiza winerals. 4n lnoresse in the
unnher of guartz vhenosrysts In the wallrodk i% alse spparente
Pyrite ad gl@xﬁikéﬁam in smell amvumts and in smell fropgments
in the vein material. Small velunlets sud %ﬁ@;i@g are filled with
opales Ho alunite was foumd in the ledge muterial of G 26.

Hecescoploally, the nltered wallrook in this sulte shows
little appavent ai_ﬁm:gﬁ over the 40° sampled. 1% has a chalky vhite
g@&%@%ﬁ@ with whiter feldspur phenoerysts sud dull greemish grey

phenooryste that wers apparently ferrvomagnesians. In thin section

the groundmsse gonsists eof quarts, asimiw* kaolinite and pyrite.
Gusrts phencorysts remmin, but the feldspars arve cumpletely altered
to quartz, slunite, @nd Imolinite. The ferromagnesions ave sompletely
slteoved to epidote snd pyvite with uyuarty, m@mm; and slunite
soattorsd through thew. This slteved wallrock thes is im o falrly
advansed staze of Hansome®s segond, or alunitle, type of slteration.
It is much more highly sltered thom the frasher wallrode on the 220~
foot level of the Clerwnt vels sud ls much eloger in degree of
elterstion %o the wost highly altersd wellvock of thet veln.

The relatively fresh daclite taken seversl handred fest back
in the footwsll of the Cousolidated ledge (G £7) bag 8 grey |

groundmngs with small quartz phencoryats @m‘i 1ight grey vhencerysts



ef frosh sppeaviug feldspars shoving the feldspay clesavage fa0cS.

In thin section 4t is ssen thet this wbok iz etill within the
gone of slunitization, Wt 1t is only slizbtly slteved when compared
with the other wsllrock specimens. Lebradorite is elear and fresh,
Bat eut by small veinlets of slunite. Mamy of the labradorite
pheaveryets show the characherisitic border of glass inclusions
zasmieméﬁ by Raneomss Some blotite remainey Wt 1% iz hishly sltered
to pyrite. The martsz phencerysts are wasltereds The groundmass
ig partly altered to the typlesl qusrtz, slunite, keolinite, pyrite
nasgs but is much fresher than thet obsefved in other spesimens of
the asltered wallrock.

An ore sample (O 48] was taken frowm s veln Iu the rigolite

on the sast sgide of CGolumble mowntsln. This ssmple was supposedly of

gre prede snd wes oolliected to ehor the chavagter of ore nger the suwrface.



PABLES OF THE ANMALYSES OF THE GOLDPISLD SAMPLRS

In the following tables of the quantitative ;ﬁ_@%ﬁ'ﬁ?ﬁ”@i’%&i@@i
analyses of the samples from GoldTield, Tevada, the results are
tabulated in the form of intensity raties. i4x alrsedy explained
those intensity ratios huve a dirsct a@;’mi’aﬁw with vercsntese.
The intensity ratios for each clement were all determined on the
same spectral line, so thet sll intensity ratics for 2 single
glement ave comporable. The wavelength of the linmes used is glven
in Table IX.

m:;@ XIV glves the gold snd silver asssay values of some of
the s

rples from the 225° level of the Ulermont mine aud three

gheok assays for samples frow the Junbo Tz mine.



TLmE 1%
WALL ROCE ANALYSUS - CLERMOET VEIN, 225 1RVEL

f&?@ni Element Intensisy Hatle

£8L 658 682 GB& £ 66 £B6 287 GBS £BY G60
2497.7 B 40 S28 20 21 47 14 W48 48 .48 .é§ 
86528 AL 4o  BeS  Ba2  dod  Bs8  2e5 2.7 Bed 4.2 4.0
g6802.7 Mg 60. B8, 46. 100, 100. 100. 100. 100. 100. 100.
2813.3 Fe BB o2 Bk 9.6 Gl BB B0 B.¥ 6.7 6.8
285%. Pb - - - - - - - - - -
B067.7 B4 - - - - - - - - - -
B178,0 gﬁ - - - - - - . - - =
8184, ¥ L1e6  Led 2.3 1eZ 1.8 98 105 1.4 1.4 14
8274  Cn 4ol Fed 8.8 2.8 5.1 Bed B0 7B Leb  Se8
- B280.Y Ag - - ty - - b2 e = - -
B302.3 Wa 2.8 204 Bel 9.8 140 1le 4. 14 18, 22,
gr tr $r iy v . iz 4 tr o83  L60
$414.8 W $90  o77 1408 1,02 SB0 o6 W80 58 .89 .79
B4B3.8 G0 B9 266 2.0 148 1ol 1e2Z 1ol el 1.2 1.2
4080,8 Ma 8.1 10.  6.8°100, >100, >100, >100, >100. -100, ~100.
42584.8 Cre 19 147 2e4 20 1e8 2.3 1.8 18 2.3 2.6
420B.7 T4 1.2 1.2 1o7 12 1.2 Tel 1l 1e4 1.4
4283.0 Ca 5.6 6.4 6.8 9.9 6.2 7.8 8.0 14. 10, 11,
2Bl6.1 84 mej mej major major major mejor major major major major
2943.6 G2 114 tr tr 4 ir ir tr ir §r itz
544644 X we wk  wk wk wk wk wk wk wk wk
4554.,0 Ba 2 3 é 8 & & 8 8 ] g

L0FT.% By B 8 8 8 g 8 8 5 =1 8



TLBLE X

ARALYSES OF VEIN SAMPLES - CLERMONT VERM, 2B5' LEVEL

Blement Intensity DRaties
= 1 1.8 o84 240 - - - - - -
4d Bel ?in% .§$ 3.8 1.}5} 1«7 1.8 1.6 1.2
B ﬁ%z sﬁﬁ {55 46 « 5l «B8 <38 228 .82
84 %? tr tr - - - - - -
gn - - - - - - by gr @
Ga 6o Beb &8 B.6 Boel Tl 4ot 2:8 2.0
gy God 1.6 2ok 8.0 doll  Bed 4,8 B0  D.6
2o 1.1 1e& 1.8 «86 «96 1.0 «84 BB L87
tn 2.8 26, 1% 4a7 4o Bo7 4ded T 5ud
be 6o0 ol Be8 2.8 20  Bel 1.8 28 B4
Mg 2,6 402 4B 4eB  BeZ  Leb 4.8
o 85 Bed $od 5.2 God 408 4B del Bed
s Ged Bsf 1.8 2.8 2:4 B0 1.7 Be B0
Hi 1.8 W88 1ed « 50 o722 W87 .42 B8 - .62
2 oG8 Y- <20 BB H2F Bl 23
] S § 1.1 o3 57 edd led 62 1.8 1
ar 046 «18 220 1B 3P - 28
81 majer major mﬁ@? major major wmsjor msjor m@ér major
Ga ir tr e L tr ir tr by te
-, ek ok wk Wk wk Wk Wk Wk
Ba & g 8 8 B 8 B . é
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SYSTZNATIC DESCRIPTION OF THE

Iz the flloving seotion the cooumrsmee sud tihe relationships
of eoch elewent found in the Goldfield samples sre discusssd. Bince
all values in ths tables of the smalyses of {hese samples are given
in the form of 1mtensity ratios of the eleusnis, spproximste pere
sentages of mamy of the elewents im the Aifferent types of rosk are
given In this seotion to piw the reader some 1des of the avundance

af the elewent belne Alsouissd,

Alvminum.
The aluwsiauws content of the Goldfield ssmples varies from

1 to 104 with the exceviion of somple nuwsber ¢ 26 from the highly
8ilicified ledge of the Jumbe veln in whieh alumlnum is probsbly
not over 1%

The snalyses show 5o significemt change in the anount of
élﬁzmim in the wallvook. There seems to bo as much sluminum
in the highly alteved dacite asg in the nesrly fresh fz@a@zw, The
averasge amount of asluninws in the velns or ledge material g

t of the wallrosk. If the zaég@@s\azﬁa

sonsdhat lower than tha
gonsidered as being almost completely altered snd zilicifisd dacite,
a8 they sven to be, then some leashing of sluminum has taken places
The leaching is not maried however, excest in the case of the Jusbo

iedge whare aluninum is eztremely low.

E@?imﬁ

Berium is present in all samples, but since none of the barium
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1ines were sultable for the determination of the element at the

sxposure nsed, ne effort hae been mode to study its distribvution.

Bismathe ‘

Bigmath s one 0f the significent elements which might be used
a8 sn indicator of ore bodies in this district. A4 definite relatiome
ship ezists between the awounts of bismuth, gold, silver, and tin in
the vein on the 830-foet level of the Jusho Bx mine. The close
assosiation ¢f thege four elemeats inm this vein is illustrated in the
graphs of Plgse 18, 17, 18, 19 and 20,

In Pige 16 the intensity ratio of biesmuth &s plotted agelnst
tue intensity ratio of silver. The figure shows that this is 8
siraight line relationship mesning that with en incresse of bismath
in the veins there is a relative inoresse &n silver.

Fig. 17 is similar to Pig. 16 exospt that the intemsity ratie
of bismmth ls vleotted against the imtensity ratie of tin. Lgeln o
straight lins relationghip exiats between the quantities of the twe
slements so that an ineveasge in blemmth is seconpanied by a relative
ingrease in tin.

In Plgs 18 the intensity ratios of bismuth, of silver, and
of tin, ave plotted against the value of the ém in dollars. Singe
the valus of the ore 18 slmost eatirely due te gold, this graph
setuslly shows the relatiouship between the silver and gold, bismmth
end gold, sud tim snd gold. The thiee graphs im Fig. 18 ave smooth

eurves, and hence the gold content is relsted to the contemt of silver,

bilemmth and tine Only ome of these vein samples (G 108) wss ey

to be an exeeption to this mle as the gold ¥alue in this sampl
dropped far below the vilus expected from the comtent of bismth,

gilver and tine
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Plgs 19 shows the intensity reties of silver, bismuth, tin,
aud cobalt plotted a@aﬁm% the walue of ore in dollars using log
soslese Whem o log sosle is used the graph gives almost a straight
ilins velationship between the Intensity ratios of these elements and
the value of the ore.

The %mgﬁimﬁie& ¢f blemuth, silver, snd tin along the 880~
foot level of the Junbo Bx velsn ls shown in Pig. 20. %Phe sssocistion
of these three slements is agzaln apparent Ia spite of their erratie
digtribvution.

The bismath content of the veln samples from the Jumbe Ex
zaigﬁ way %&é 28 mash a8 g Tew tenths of ome peroent. JBigmmth S,;%
prosent im only wminmite trages In the samples snalyzed fvom the
Ea0=Po0% level of the Clermont vein, sud from near the surface
in the Jumbo veln smd the veln ou the side of Uolumbis mountain,.

Ho reletionship seems to exlst betwesn bismuth, silver, tin snd
gold on the 22B-foot level of the Clermont veln or in the veins at
the surfses. This sugoestss zoning in the deposits with bismuth
belng wove abundamt, and sssocieted with silver, tis snd gold in
the deeper lovalse

The cloge relationship between the guantities of silver,
bismuth, tin, and geld in the Jusho Fx veln seens to imply that the
four elements are gensticslly assccisted and wers probably belmg
garried dn the ove solutions st the sane time, and thet they were

ke It is

dsposited contemporansously by the same precipitsting age
hardly pessible thatsuch & relationshilp could be develeped where one
metal replaees anothba®s

Since biemuthe silver, and tim are relsted te the wlue of the
¢ré, they would be the logicsl slements to look for if any further

work wag done on the oresg of the dsep velus gt Goldfisld.
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Only nine vein sawples weve snelysed from the 830-foot level of

the Jusbe Ix mine but thees somples showsd thet o relstionship

between some of the move shundant elemsnts in the veln and the

gold welue does existe The coourrvsnce of the slements sloug the

veln ge shows in Plg. 20 is very egpatic , but the samples ave
widely spaced sud 12 they were token at smmller mwﬁ?@is and
gver v mach lerger sress 1t might be poseible to work out a

pattern of the distridution of the elements in the veinm and to

ges thiz patéern in the seavehr for nires ove hodlies,

Borege

Boren oocurs inm small smownts renging from <003% to 014 ia
21l samples, Little algelificence i seen in the 4i dribution of

boren in zny of the rodk types.

Galeivn.

The smownt of calelum in esch win sample aud In the sawples
from different veins never varies much from the averags of all
vein samples, and as shown in Flge 21, there i3 1little varistion
in calelum along the velun inm the Jumbe Ex mine. The velss contain

egbout the same average smount of calcium as the very highly eltered

wallrogk ¢f both the 285-foot level of the Clermont vein sud the
Jumbc vein near the surface.

Zoms leaching of cslelium has teken plage in the wallreok as
ghown in Figse 23, 2, and 26, in which the intensity ratie of
esletum in the wallrodk semples ie plotted against the distaence of

the sample from the velns

in Plge 22, the leadhing of caleium seems o be gradual. XHo
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marked incresse im the smownt of calelum ccours im paesing from
highly sltered $o zltered wallrook. Ia Plg. 2, however, the
incresse a%; this vowdary is more wotlicsaile. Pig. 26 ghows o
genersl leadbing of esiclum over the whole distance ssmpled in

the wallvodk oF the Junbo wein, g2 wupsrsd with the swount of

gatelun in the fresh daglites
Gslelidn, althowh showing & dofindte decsrosse due to the
glterebions is not a9 bighly lesched ag some of the other elenmsuts. ’
The ronge in amount of celolum in the samples is of the order
of «BF to 10%.

Chromiune

Any interpretation of the veriwtions in chromius content is

compiicsted by the Ilspurities introdused by the pulveriser plates

8 dlscussed inm the firstoart of this thesls.

The relative varistions of mapgumese @i dhromlivm in the veln
samples sre very notloesble, but it is believed thet this e
probebly dus to introdused impurities rather thasn te any sotual

rdationship of the two wotsle in the winersllization of the veln.

Gowlte

4 few thousonths of e pergent ¢f cobalt is present in the

veins ondin mest of the wallrock and the fresh dacite. In some of the

wallrook near the veius, howsver, & concentration of oobalt has

taken plade, ond thers msy be as much 22 o benth of oue persent.
Gobalt is resavkable for its ococurrends i sudh e consiang

amommt throughout the valing, zzé shown in Plgs. 19, and in the

analyses of the veln somples on the 285-foot level of the

Sleraont vels.



Gobalt is the only eclemént showing surichment in the wallreeoke.

Pigs. 22 and 24 show an envichment of Gobalt in ths wallrook of the
Glevmont veln with the enrichment graduslly deervessing wntil the
amount of eobalt becomes oonstant botween thirly and forty faet
from the veln,

Exsert for the enrichment iz the wallroock neay the

Glermont veln, cobalt is very somstant im 21l the wallreok se ohee

exomined,  The ameunt im the wallrock iz slightly grester then in

the veins.
Geprers
The copper comtant of the samples from the Juwbe Tr nine

wmay emovnt te more then one percent. In other sampise the copper
content vanges from 014 %0 19,

The averspe copper content of the "below orve grade” ledge
material is somevwhat greater than thet of the wellroek, but in

y individnal samples the ledgemsterial contains less eopper

than the wallrealk.

Gopper coomrs in sporadle concentrations through the ledge

and offers little hope of belng mmoch of = gulde %o ore, at least

iz the upper levels.

Ho good indlcations of leoaching or euridhment of copver in
the wallrock were found.

Ag fematinite 1s very often associsted with good ore in
the Jusbo Zx mine, it 1s suspectsd thet some relationshiy may
exist between the awount of copper and the amount of Agy Sn, Bi,
and Au, bat the high peresntages of gopper in ths samples pre=
vented auantitative astimations being made with the exposure

ugad in photezraphing the speotrum.
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Gallivm cocurs ig treces in many of the ssmples, but seers to

have no pariticular significence as It oseurs in all types of semples.

iroBe
Iron lmpurities intvodused by the pulverizer plates prevent

sny good inberpretation of the analytical resul te.

Loud.

Lesd ccours in smowube wp b0 & fev hundreths of cme pervoant
in the vein weterisle The lesd minersiizetion shoos only = slight
relstionship b6 the ninaslizetion of Age Aue 3y and Sn. It cooms
0 be envieched in the gume purt of the vein a8 ths other douwr
wlements, Fige g‘%ﬁ@ buk the relative progoviion of leasd %o the
propovtions of "%‘éﬁ&ﬁ% other elememts is not nearly &8 meksde This
might Indl cate that the lead mﬁxmmzimtim vas not contumperanesus
with the mineralizetion of the ig, Au, Bi, oud 5u, but that 1% may have
followsd almost the seue channels of mimerallization in the veln.

To svidence of s lesd zoning with depth is foumd in the

wialyses and uo lead emvichment seens o iake place in the wallreeit.

Megnesiun.
The %ﬁ@%”ﬁﬁ*&%ﬁﬁiﬁ of magmesivm renges Iron &%@% «1h in some
of the veln samples to severs] pereent in the fresh dasiis.
Hagnesivum shows very pronovaced lesching due to the slievation
of the wallrook, end the smoust of magnesiun in the silicified

ledge matarisl is much less thas thet in the highly altered wallreoi.
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The leaching of magresium spparently advanced in 2 wave

a8 showa by the wegnssium grapbs of Plgse 5 and 25 which show the

sudden inaresss in weopeslus vhen one pesges the coniagt fron 08

hizkiy sltered to the fresh wallrooks

The mamsdaess sonint ranges Irem 310 in some of Lo vels

samples to betwean of and 14 dn the fresh davite.
Hanranene Bsheves wery sintlar to magneviua in the wsllrosk

sltarstions 3¢ f¢ bhishiy lesdhed In the Bighly sliered wallreck

{Pies 23 sod 28}, thes suddanly inoryseses &3 s00a 48 the boundary
: 4

wetwesn ths lotensely sltered wellreck snd altered wallrock ig

;é?%&eg%%'ﬁ% #

“he sopsrent roletlon betwewm moupuness eud clwenmiun hog

sivesdy been dietueged.

Hiskels

oW ten thousandihe

Hiewel oosere ln smil smpunts
&0 o few thousapdths of ome porgent in sll smuples. The resulle

alenifiount sbout the bebavior of this elsumi.

Pobtuaoivise

Potassion sasgrs 1o gll seaples, but o explaulned in the
first sert of this thesls the slenent sould not be determined

' 1 e

suantisetively with the exyosure used in arcing the s
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Silicon is the ma jor oclement im 211 semples, but its percentsze
of the tetal somple was 00 grest to permit any determlustion of

siguificant varistions by this wethode

The zllver sontent ¢f the sawpled ronges from ondstectabls

sounts o almost thrae cuntes per ton in souple § 4% frowm the

Glarmont ming.
Ths vel sbionskip of Ag to An, Bi snd Sn in the Jumbo Ex
‘mine hes already beem discussed. Ho euch relstionship exlsts between
the four slements in the Clewmont veln 8% the 228-foot levels
Tin and blswuth are elther abeent or ococur ia very feimt iraces
aven in snoh & high grade esmple ¢s @ 47, The intensity ratic
6f silver e plotesd spsingt zsz% waine In Pigs ﬁﬁé sud while in genersl
higher ti:m@g vzlues mesn higher grade ore, that is, higher In gold,
o constant relstionshlp exists between gold snd silver ag in
Pig. 18 for the Juwsbo Iz mine. Sample § 47 iz wery kigh in pold,
but very low in sllver. issay results ( Puble XIV | check with
the spectrosceple resulis to show s lede of amy relstion betwsen
the ore value { or eold content )} snd the eilver dontenb.
T4 would seom therefors thet sowe chonge hes tawen place in
the minerslization %s@%%%a the B30-font levsl of the Jusho Iz

wime ond the 28Befoot Level of the Ol ermunt ming.

dodinm.
Bodivm iz present in the sampliss anslysed in awounts venging

from 1% to 54,
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Fig
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The amalyses of the verious vein samples from sll levels show
that the vein comtains sbout the same awount of sodium 53 the
Blghly sltered wallrodls nesr 4he 1@@5@@@ in the wallzock itself,
bowevery, sodlum shows = definite decwresnse ducto the wallreak

slteration, but %ksé sgaching seems to be different

magnssinn sud paoganese. Flgse 23, 28 and 29, showiag the
cegurrvende of sodiwm in the wallveok sugzgest that instesd of &
gharp vise in the swount of sodlum st the boundory between the
bighly 2ltered snd slteved wallreok, sodium incresses graduslly
48 the distenve fvom the veln lnoressas.

the wallrook from the Jumbo veinm (Wige 27} was 2ll highly

altered, but uwalike magnesium end mmgausse which were very highly

besghed over the whole distance sampled, sodium had reaghed s
weerly constant value about 40 feet awsy from the vein sad
sasples further than 40 feot had simoet the some smowmnt of sodliun

a8 the fresh datite.

Giroutius.
Strontium s present im all samples, but like barium, bad

uo iise sultable for guantlistive analysis 4t the exposurs used.

The relotionship botween Sn, Ap, 4u, md B34, in the jJuwbo iz
wine bas alveady been distussed.
| 4 gefinite depth zouing of tin seeme %0 W present ad
Goldfields The semples from the 8307 level of the Jusbo ;%Esmin@

contained from 0L to 14 #in, snd assays comtainimg as much as 3%
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tin have been obtained from sulphide concentrates of ore from
the Jumbe Ex mine. The samples of ove sualyzed spectregscepleslly
from the urper levels contaln only & falnt traece of tin and pre-
viously tin has mever besn veported from the upper levels of
Goldfleld,

The relationship ’%ﬁta@s& tin asd silver ocsurrinz ia ithe
Jumbe Ex mine 1s mot present in the samples snalyzed from the

gabefoot levsl oF the (lermont ming.

P4 tamium.
Pitaniun is present iz 2ll ssmples in amownts ranglaog
£rom o1 %0 1fe It occurs in about equel saounts snd with little

veriation in both ths velne sud wallvodh.

Tanadivm.

The venedivm content renges from sbout 2 hundrsdth to one or
twe tanmths of one peveent. The veins have s lower vensdium content
than the wallvedk, but no sigaificsnt change in vanadium content

hae been noted in the wellrock slierst ion.

Zinde
Gphalerite has beenm reporvbed from Goldfield, But the zine
lines of the smmples studied wers very falnt so thet oaly a few

masdredths of one pevesnt of zine s present.

4ivcenivm,
As mach a8 1% of zircenium is present in soms of the samples

1t oecurs in varyise smounts in both veins ond wallrodks and 1ittle
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slgnificomes con bo sttached t¢ its ovcurrencs. The presenee of
this elemsnt iz expected since zircon COUUYs 58 28 LG0SSuORY

winersl In most of the thin gsotions.
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Analyses 0f the wallrock show 2 great diversity in the change
in distribution of the constituent elements durimg the procsss
of minerslization spd the aceompanying slteration of the adjucent
rocks. Jome clementsy such ss msncansse and magnesiun, show g
ghurp guentitetive chenge bebween highly zltered and altoved
wallroek, while ﬁ%m?ﬁg guah os sﬁﬁima and %aﬁ@gima esieiun
comoletely Tail to chow sy change within this zons.

Boing from the veln into the wallrouk, 1ittle chonge is
epperent ia the wmengraese and nagmesivm content of the wallrock
until the contset between the highly aliered wallrook znd less
altered wallrock i reached. 4% this comtact, the smownt of mangancge

and wepnesium suddenly incrcases iremendously, then shows little

sdditional chenge 4t a grester distames from the vein. 0On the
other hand the leaching of sodius and sometimes dalelum gradusily
debresses avay from the vain with ao marked boundary such as ococurs
The wallreck of the Jumbp veln shovs that magmesium, MINgInsse,
and ealeivm have besa di fferentially leschsd over the entire distance,
investieated, but sodium is only lesched for sbout 40 feet from the
vein and ot gm@s? distences from the veln the highly altered walle~
rook contains almost the seme smouat of sedium as the fresh dacite.

Hany other elements such as By Co, Ou, Wi, P, and Zr show

ne gevident change due t0 the wallreck alteration. 4l and V show
1ittle evidence of change in the wallvock itself, bul have beem
losehed to 2 large degree in the highly silicified ledge of the

Jumbo vain, which Rousoms would consider the most exteme type of



daslte alteration.
Gobnlt showed an imorssse Iz the altsred wallroohk ooy the
vain ot the 288-foot level of the Clermont mines The enpichment

continasd outward for thirty to forty fest from the weln.

The spechtrosconic teghmigue scews 10 s spplicable to the
investization of wallrook alterstion. fumtiistive determinations
of mawy slamants may be mgﬁ@ as asmretely as %§ cheni sl snalysis.
Since this spectrographic procsdure is such 2 quidk method meny
samples =t various distences from the velsn may be anslyzed and the
behavior of many slemants can bs studied in detalls GStandads for
datermining the astusl percantages of the variovs elemsats sould
be sst uy aad from the percsntages the romults could be
galonlated o determine which slements have been added to or

gubtrasted from o unlt velume

of fresh rook in ovier W produce
a given alteration produdt.

A eowbinedpetrograrile and syectrographle study of

wallrook samples from some district would undoubtedly yleld
mmch new dabs on the geochenml el Wwhavier of the elenents during
wsilrock alterstion. It should slow to what extent the elements
ware lesched or a2d4ded to ths wallrock, whether the leadching or
addision was gradusl, or wavelike with 2 sharp contact beilvwesn
sltered snd wmsltersd wallrook, and which elements bebuved

gimflerly during the alisratlions
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SUMMARY OF BOONOMIC APPLICLTIONS

This investigetion wes gstarted with the purpose of determining

whether some olement Oor gvoup of slements could be found vhich weuld

give some ¢lue uvseful in deternining the locstion of ore bodles.

If such on elome

5t or gyowy oF sloneubts Gould be found ¢ geade

agway from good pre shoots these slements Could be used in exe

pleration work for nev ore. The dhammels of gold minerslization

'ﬁig}aﬁ% 2lse be traced by the more shundant noneccononic slements

sgspainted with the 2old sg puoh & pettern of ziversiizetion
would usdoubtedly be useful in sesrdh for nev 61 bodlas.

While this work iz only & first stteupt ot gush & siudy and
relatively fov samples have been analyszed, the method givses hops
of %@%@s& zasoens. It has Dewn estublishsd that cerisin non-coononls
elomants are assosiasted with ore snd thet thess elewents muy be

determined by spectroscopic analysis.

in the w&%@ of the Juho Bz wine blomth appears to be the
most promising ssgocisted eloment. 1% iz present in gﬁfﬁ;@is}ﬁg
anpents to b detersinable with the spestrogronh sven In extremslhy

low grade ove. Her

agver ia similsr semples the sensitivity of
bismuth oould be inoreased two Yo Tour tlmss by using sllicen as
the intermsl stondord inetesnd of dilutimg the samples with lithius.
The 1ithium dllution method was uged in this work to maks the

analyties]l vesulis {intensity raties) of the veln muterial

somparable with those of $he wallrodk 1n Which silice was no%
pufficiently constant o be used zs on internal standard. If

aotusl percentages wers determined thers would be no nesd of vsing
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the same method of arelng since standards would be set wp for each

mathod.

Silvar sud $ig ave slso usesble in determining the chonges
$a ths pattern of mimsralizativn slomg the veine. Silver, sltbough
sosaryisg in small quantitiesn, Is very sensitive to $hiz methed of
gnslyeiz. The sensitivity of botk silver znd tin owuld be incressed

By using silicen sv the Internsl sbandards

The study of wallreok alterstion shiould also have an sconomic
application. For ezample, newr the Jumbo vein the wallrvock is
sxtensively alvered over g wide arsa aad ¢ sumple o humdred feet from
the veln looks very similay megusdopieally %o 2 semple euly s few fest
from the veln. Speotrostopie sunalysis however, dhews that sodivm
gradually bezlng to detrssss shoul 40 fest from the veins

if sudh chsnges in the wallrook were found to b fairly
gonstant inm sny given diptrist, or ovem if a osrisin element began
to degresss ag & veln wss belng sayproached, the fast should be

& great ald iw sxplovution. Por example, 4rill samplos could be

smalyssd to dedermine i any vels wes near &t hand, but wog missed

by the drill bole, 2ud the approximate locuticn of the vein night

b determived by snalyses fronm different portions of the cores
Llements, suds 28 cobaly, In the Goldfield dlatrict, which

are surldlad I the wellrodk oloss 3o the velsns would slass B

vary helpfule

d thet relatively few samples of the Goldfiels
dlgtrict were analyzed and that further work would gulte probably
yield mudh additionsl informetion. Iu addition 48 the 3%@3@%
attually represented omly three rather widseprsed locelitles in

the district. An sotive district where mﬂa gamples could be



&
obtalned slomz several velss or parts of & single veln would be

=

wores suitable for stud

¥ then &« distrioct such 2¢ Goldfisld whers
most of the ore Iwe besn mined oube
SUMMARY OF Zomim

4 chenge in the choracter of the mimeralizing solutions
hag taken ploss between the 830=foot level of the Jusho Tx mine
and the 226-foot lovel of the Clermont mins.

Silver, gold, bismoth, and ¢in show ¢ eloge association
in the Jumbo Bz mine, but in the Clermont mime hismuch end tin
are simost absent snd silver shows no direct relstionship te golde
& gumple teken from & surface vein on the east side of Oelumbis

mountain ghows some allver, but only traces of $in end blgmuth.

Tin giwe the best Indlcation of vertiosl zonlng st Goldfisld
g8 it is Hivy sbumdent in the lower levels (030-foot level) but
hes never bsenm reperted from the wpper levels snd the spectrozraph
showed only faint traces of tin in the upper leovels sampled for
this study. Blamubh seeme to show s vertlcal zeming in the
samples studied for this wrk, but blsmathini te is fowmd in the
upper levols of soms of the nise so that witlout a more detsiled

study of its ceourrence 1ittls can be sald of ¥hether & true

Aing 1= present.

PROBIINS FOR JTUDY WITH THE OPROTROCEAPE

Meny problens in geochemistry have been suggested by this
essentially preliminayy work. The most importont problem would

6f the are solutions

seem $0 be zm attempt 40 trace the actusl paths
in = vein by the distribution of all the ¢lemente to see vhieh

cloments travelled the same chenuels end in gemeral to obtain more
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detsiled informtion on how mineralizstion actuslly takes place.
Yuch migm be lesrned about the deposition or the elements and vheg
happened above, belowyg and laterally from oze shoots.

The spectregreph should be useful im the study of depth snd
latersl zoning of metals. It would mot omly show the zoning o6f the
major elements but would piek up changes in the minor elements as
walle

Home of the problems of vumizing ond porsgenesls wight be
aolveds. Vhen slements sre relsted Yo ome mnother ss sve silver,
Wemth, gold, sud tin in the Jusbo Zz mine it appesrs that their
depesition must bhave bewn nesrly contenporanecus. If tuo or move
glements Or minersis wore suspetied o bave exsolved frow sclia
solution rether than belng veplocenis, 1t might be proven to W
#0lid solubion by ;s’%’zwiéﬁgg & definite relation betwsen the auwownis
of the elemsnis i the velns.

Hugh work ¢ould be done on the vehavior of the glesents in

avieus types of wallrodk alteration, sud certaln clements migh$

«}

e

adiete the proxinity of 3 velne
The validlty of many of these sistensnits aud the degrse to
which many of thess provessd applications can be ubilized must

gwalt the acomwmilstion of = large quanility of relisble anslytical data.
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ABIIRACYT
The vroblem comeisted of sepurating the Upper Ureiscsous from
the Fooens rocks in the esstern part of the Sants Vonics wmountains;
determining the looal stratigraphy of the UYuper Uretacecus and
Hertinezy end attempting to correlate the Uretacecus geotion with

gthar pections in felifernia,

{e] The Upver Uretacsous stratigrephy in descending order is as
follows;

B« Uppsr arkose snd conglomsrate, 1500 feet.
De Plne grained, fossilifercus sandstone, 300 fest,.

Ce Gobble conglomsrate with some srikose in lowsr part,
4500 feete

B« Coarse arkose with some shale and conglomerate, 2500 feet.
tnconformity.
be Lowsy soft red songlomerate.
{b} The lewer conglomerste lles umconformebly on wetampryhosed
Sants Yonies slutes of Trisssie (%) age. 7The Hurtinmez overlaps the

Cretacesus with & digtingt erosional wmoonformity sithough no grest

angular uneonformity has heen founds. JIn seme places the Gretsceons
ig overlapped by the Hodelo snd faulted againgt Topengn sandstens in
otharde

{e} The lower red

eonclomerste has similar litholosy snd ccounies
the same relative position ss the Trabuco formation of the Janta ina
mountaine, so thet it mey well rapresent the same formation.

Membar D is correlsted with the Willlems formation in the

Sonta Ans wmountelns snd with the Yeteplecenticeras beds of the Dayten

canyon segtion in the Sini Hills on the basie of the faunsge.

(1) %he Martines section in the Fastern part of the Sonte ¥onica
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meuntains is sbout 5600 feet thick. The lower 2000' consisis
of brown shale with reefs of white alpgel limestone and the
upper 1500 feet is more than half goarse white arkose smd
songlomerate, but contsins considerabls shale and some slgel

limegstons.
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Uopey ﬁ?&ﬁ%%@@ﬁg devosity iﬁ the %ggéa Honica mountains were
rocognized snd outlined in 2 skeleh map by Yaring iw 1917. Hoots
mapped the area in move detail, but owing to poor szposures, d9id
net geparete the malin body of Upper Uretagecus and Lower Yoosus
{Bertinez] roeks whidh ocour in the Yopsmga Conyon onadreangle.

The ﬁ%rﬁﬁig§%§§§ af the Usper Oretaseuus aad Doosas rvourzs of the
Sente Honies meuntaing wae not well known.

Singe Hoots worked in the aves, many new rosd cobts hove boen
magde snd better exposures sre svallable. The present work was
begun thersfors with the hope thet with s mwore detslled study of
these rosls, the Martinez ssuld be separated from the Oretzesous ’
and thot some ides of the stratigraby of these Dogens snd Cratacoous
rodrs spuld bs obiained,

It wag slep hoved that the Uretacevus wpaks of the Zonts Yenias
mountains would yleld z more sbundant invertebrats fauna thasn hag
hitherte been deseribed, snd tiet thles founa would lesd to 2 core
relation with the Cretaseous sectlon of the Ssnts tne mowntains sond

the Grstasenvs of othey vorts of Julifemia.

CH

The baze mups used wore alrplane phetographs with an approxizste

sesle of 1% = 2000%,. Problems of structure und physieg

hy are tveatad

enly insomuch se they have besn necessary in working out the stretisravhy
of the sres. The fossll locslities are located exsetly om the sivesl

photogrephs and on attempl has been made te place the collestions from



theas lesslities ivn thelyr covpect place in the strotipgranhic seotion.

Lekmovledgsuents

This problem was sugpested to me by Drs Y. P Popenpe of the
alifornis Institute of Teehmology wnd the work hos been carried om
wader his supervision. I have voesived much sdvies in the field
from Dre Popenos, snd be has alded me materislly in the collection

ef the fessils mad given we moeh sesistence in thelr fdentificntion

and thelr relstions to the othey Uppey Cretaceous founsg of the
Poslifie conets Dr. Popenne ame alse orltiselly reviewed the monusoriot
snd given meay helpful susgestions oy 1te lnprovemants

I should alse like Yo thomk Hre Jeo ¥e Tate, enplineer of the

Los Angeles Mouwntaeln Pavk Compenys for Bis kindness in giving me
permianion to enter the propertlss of the company and to use thelr

wrivate roads.
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BISTORY OF PREVIOUS WORE
The first referenes found %o the Cretscecus of the Jsuts Bonles

Hountaing wes thoet of Varing (1),

{1} Waring, C. A., Stretigrephy omd Peunal Relatious of the Wortinez
te the Chige and Tejon of Joutbern Oslifornize Proe. Gal.
soade Sele, 4%h Beve, Vol VII, pp BS - B4, 1817,

Wering outlined & wedge-shaped area ¢f Cretaeeous recks ssast
of Topangs ecsnyon on his sketeh mep. This ares rouwghly eorresponds
te the area of Cretogeous and Martlnesz rooks diseunssed in this thesise
Weriug gives the following Uretacecus seetion: lower 1500 of sandw
stone with dark micsoecus shale inteorbedded; 4000" of well conseliduted

eonglomerate with interbedded sandstone and shdle, the pebbles of whidh

very from one ineh to four or five inshes iz diszmeter; the upper
divigion cemsists of 1200% of shale and light eolored; fine grained,
medium bedded sandetone. Heatteored over the surfage of this Gretazgecus
ayer are rewnanits of Martinez strata .

Hoote (2] in wmapping the esstern part of the Senta Yoniw

{2} Hoots, He We, Covlogy of the Eastern Part 0f the Sante Nonics
mountaing, Los Augeles 00., Californis. U. 8. ¢ 8. Prof Paper
168 - G, 1580,

mowateing separated the Hartinez from the Cretacecus im the Reseds
auadrangzle but ln the Topangs Canyon gquadrengle these formatlons were
not mepped separately. He also @pparated the Cretassesus ("Ohico™)
inte =2 lower member of soft ved eonglomerate and 2m upper member of
gonglomerate, ssudstone, shale and limestones Peunal lists snd

lopalities were given for both the Chiee and Martines formations.
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Hoots aleo mekes & brief meation of these rooks in Guidebook
18, Emeuysion -1, IVI Internationsl Geclogieal Congress.

We P» Fopemoe {3) ueing collestions made by himself, H. W. Hoots,

|

{3} Popence, W. P, The Upper Oretesecus Stratigraphy and Pelecatoloegy
¢f the Fortherm Santa Aus mountadns., Fh.D. Thesis, Calif, Inst.
of Tech., 19%4,

snd Ve Fo Woodring, bellievedthet the Metaplasenticerss beds of the
fdente ¥ouplos mountelng weve vrobebly goerrslative with the Willisms ‘
formation of the Sents Ans mountsinss He 2lso suggested that the lower

red esuplonerate member of the Ghico in the Reseds guadronge s @

posaible correlative of the Trabuso formation of the Sents ins mountaing.
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QENENAL GREOLOGY
Lecstion.

The Sents Monies mountains tremd in an east-west direction
with the eastern end of the rumge direstly north of lLes Augeles.
The area mapped im thw course of this reseereh ig north snd northe
west of the eity of Sents Nomles md exteunds from Tepenga canyon
shout three miles west of Sents Wonies te the smsll cenyom just te
the west of Sepulveds cangon, st the castera end of the eity.

Cretageons rocks outerep from the south side of the Sants Yeniea

uge slmost to the uorth side.

The Cretacesus aﬁﬁ Eosens recks mopped cover am eves of about
s@al‘v@ sguere m&lea in t%m Reseda, Topangs Canyon, snd Sawtelle
@a&raﬁgias. ﬁe} sttenpt has been mede to wap the Oretacecus roake

in, znd %o the west of, Tepsuge

Canyone

Vegetation snd Culture.
Most of the ares is covered by = dense growth of heavy brush

end with the exeeption of small gardens in the lower resghes of the
sanyons above Santa Monles, no cultivation hae been attempted. Some
of the dense, well eemented sandstomes are being gusrried for rip rep
and road metal inm Seuts Yaes ssuyon. Limestone wee formerly auarried
from ¢hick beds of alpel limestene. |

 Mulhellisnd BEiebway, sn exeellent publis highway nlong the ersst
of the range, erosses the northers part of the ares; snd firercads on
wost of the rldges between the larger canyons, couneet Mulbolland Hish=
way with rosde in Zenta Wonles. These reads not only made the arsa very

agosnsible, but zpny exsellent ¢oposuves ars foud in the rosd ents.
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siography.
The Gents Hounies wonntaing arve not high mowmteine, the highest
elevation ig the ares wapped belng 2110 feet. The western part of

the renge rises dlreetly from the Peeific coezn, while the susters

F&yti.fﬁﬁﬁ ganta Yues eanyom enstward, vises above the Los Angeles
plain. @Sem Perassde velley lles to the morth of the mountainmes

bt erest of the revge lies nesy the north side of the mowntains

snd the streams of gkg gouth side usually flow in stralght, evenly
spRed, very steap sided eanyons, dowa to the Paeifie ccamn snd

Lee jngeles plain. Gnstersary terrace deposits whieh extend esst-

ward from Topsmge camyon at the bese of the south side of the renge
have been deeply inelsed by the stresms 28 they some out of the Sanyons.
The streams, at least in the aves meppsdy show littles structural coutrol
a8 their straight courses out seross the strikes of most of the roeks,
and the canyons do net fellew faults or s@@ﬁiii@ rock fomations.

Howe badlsmd tovography is found in the Veguerce(¥) roaks in part of

Senta Yoez sanyon.

Struoture of the Oretacecus and Zogens Beds,

The anticlinal nature of the Sants Mouies mouwmtaing bas been
rasogalized for mauy yeers. 1@ the ensbory port of the mountaine a
eore ol hig%&g'ﬁatﬁmﬁrﬁhé@@&*'ﬁﬁﬁﬁgﬁly Priaseicy rodks gslled the
Santa Wonles glates has been cut by Intrusions of graniits. The

Gretasecus aad Tocane rodiks lie in 2 half olrele svound this tore of

metamorphic rodis. For the moest part Cretessous rooks lie uvncounformedly

o the Seuts Yonles elates and dip sway from the ceniral core, forming
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& large entieline plunging tewards the west., The dip of these
Cretaceous rocks ranges frem 15° to $0°. The sngle of aip is
ususlly lew near the slate gomtact, but rapidly steepens te 40°
to 45° one or ¢wo thousend fest mway from the conbast and then
vemzlns nearly consgbante.

The anticline has been complisated by faulting nesr the ersst
of the strueture and Docene snd Cretacdeocus rocks are in fauld
sontact with the Santa Monlesslate nesr this erests

The Cretaseous rocks om the north side of the anticline ave
overlapped by Modele to o large extent snd little can be seen of
the Oretaceous structure exeept that the beds alp 50° to 487 to the
aorthweste If faulting is present, the faults are not well sxposed.

Faults of various msgnitudes are found on the orest and south
flank of the snticline. Many of the fsults that can Ye mapped on
the ﬁ@‘ﬁth flank of the range are steeply divping, easterly trending
normal feults with the downthrow on the mor@g; About halfway belwesn
the gource =nd wmouth of Temessal canyon, & large sssterly trending
feult hes dropped Zosene shales on the north agasinet Cretaceous
conglomerate on the south. Simdlar relstions are shown on the fault
between Temesoal and Zanta Yoes sanyonsg, and on auother fault nesy
the big bend of the lower part of Ssuta Yuez csnyon where Vagueros(?)
rogiks on the north sve drepped against Uretaceons sandsiones.

Other smaller eastwerd trending nowmal faults in the vieinity of
Fustie scanyon have brought smell pstohes of Cretagoeous and Hioceus
rocke in gontaet with Triaseie{?) and Cretaceous roeks respectively

in sueh z manner that the vorth side is the downthrown sida.



The morthward treading faults such ae the Janta Yuesz eanyoun
fault and the fault Just west of Temesesl canyom alse dip stesply
and have the west side drvopped down.

48 the trages of memy of the faults on the south flamk of
the mouantelins bend almost at right sugles, the Movement must have
veen largely dip elips Oince the faulls are mormal - the foulting
wis probably cevesd by wertidgh forces.

Large irvegulsy shaped plugs of gabbre of suvposedly the saume
sge a2 the Topsnga formation are found lu the centres part of the

range ond in the generasl sres between Sumta Yoez aund Topangs sanyous.

Hany basalt dikes eut the Cretaceous sediments. DSetwesn Temeseal

and HMandeville cazayons on the south side of the range thess dikes have

an easteorly strike aad dip to the morth, in some cages ot angles

s low as 20° or 30% In places éikﬁ& have some up ss}_éaég the faults.
Heny of these dikes sre highly sheared and iﬁr@@iaﬁé& susgpesting 2
elose associatlon of the faultlag with the igneous astivity. The

gharaster of the foulite and thelr zssoelstions with the intrusions seem

%0 sugpest a general sinking of the cendel paxt of the range with
that part neavrest Topungs canyon sinking the mosts This in turn
might suggest that the subsidense wes dus to the exbtrusion of lava
and the general ¢ooling of the ignecous mses. If this is true, the
guestion arises se %o whether the original uplift of the (retacsous
rocks was due to vertical forees related to the incoming of this
intrusion. The basie plugs however, seem t0 be west of the centre

of uplift vo 0o generalizstion can be made..



4% leest one sud perhape more later perieds of faulting and
folding have affected %he'gaﬁtaaﬁﬁaiaa mountaing as the latey
liocene snd Pliccens rocks have been deformed along the fringes of

the rauge and Quaternery terrsces bave been uplifted very resently.
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GR CRETACEOUS STRATIGRAPHY OF THE SANTA MOWIOL MOUNTAINS

sneral festures.

s

The Upper Oretassous rogiks ogdur ia several disconnested
fault blosks with the resuld that many of the contaeks arve Tauld
simtachs, Ths thickesnt und most complete setbion of Upper
Oretsosous is on the south side of the mbuntaine betwesn Temescal snd
fandeville canyons.

The seotion may beo divided Inte five members counsisting in
deseanding onder of:

Be Uoper ariose syl conglomeratd.

De Pine grained foseiliferous sandabons.

Ce Cobble conglomerste with some massive srkose beds.

Be Coarse arkose with interbedded shele snd gonglomerats.

Lo Lower red eonglomersid.

The Upper (retageous ro¢ks are alwost entirely scosraze clastics
alehough a few thin ghale beds sre found wsuslly in the lower pard
of the section. The arkoses ond conglomerates are characterized by
rapid variations in thidmess and cometimes by repid changes from
arkose to conglomerste slong the strike. These chimges suggest rapid

deposition of the sediments.
peteiled Btratipranhy.
Introdaction.

In this section the numbers I, II1, Ill, smd IV refer to the

sombers of the four 4 fferent arensg of Cretacscus Posus s marked



en the mep s8d the ovlw

ey ssotions. The lettwrs 4 ¢ By Oy By ond
¥ refey 20 the five seshers Ai0ferentinted in the mein sres of Crete
eoevus pecke (1) between Temesosl sud Hemdeville csnyouss It hue

st been poselble to draw wmtaobe betesen 51l the meebers, bt the

isgetion of coth wmember s shown on the msp sz 2lovely se porsible
by the above lettors.

The stretipgraply of sres § s deseribed in detell in the
following poges, The maller Ureiatesus sress svre then deseribed

end on attenpt fo nede t0 correlste them with the sestion of aren .

s briedly in

Flge By und colummar sestions of the four aress sre given with the

probuble eoprelation of the membars (Fige 8)e
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UPPER CHETACEOUS SEOTION
between Temescal and Mandeville sanyons {g res 1}

Yaxinum

- thicknens

Lithology

Yodelo

¥ 10000t

UNCONFUREITY

Unfossiliferous srkese snd conglomerate similar in sppesrance
to that in member B. Thickness indeterminate due Yo overiap of
Yodelo and possible faulting, but vrobebly et lesst 10007

B 300

Pine grained, mussive, towny colored fossiliferous sendstons.
Possils occurring in haré grey lenses usvelly lees than one foot
thick snd ten feet long.

¢ BBOOT:

ad form, unfossiliferous conglomerate with rounded cobbles and
boulders usually less then 8" snd avervsging 3% = 6% in dlameter,
nade wp principelly of groanlte, dense sndesite porphyry, dlorite,
and occasionelly guartzite snd bamsalt. OSandy micsceons matrixm
pocurring in much less amount than the cobbles and boulders.
Yagsive resietant arkese beds as wuoh es 50° thick in lower 1000Y
of this mambayr.

B 2500

Light brown, cosrse gralned, messive, well consolideted arkose
somposed of guartz, feldgpar, blotite, hornblende, and meny smell
granitic frapments. Uontains shale bedes up to 20' thick snd
songlomerats beds &s much 88 oue or two hondred feet thiek.
Uonglomerate more prominent near tep of pection, boulders well
roubded and similar in sppresvrsuce 1o those of member C. Frage
mentery plant fossils found in arkoss.

PR 1

URCONPORKITY

Spfts red, unserted, unfessilifercus conglomerate. Houlders
average B with & fev as larpe as 2' nede up priseipslly of
granite, dlorite, red aplite, snd greenish grey feldspar poyphyry.
and ocossionelly goerisits, veln guartz, felsite, and frafuenis
of Sunte Vonica slate.

UHCORPORNITY

Sonts Venise slate
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Stratisrsphy of isrves I

4e Lower Red Oonglomerate.

The lower rs& conglomerate was firet &a&ﬁ%& by Hoots. The
largest ares of outerop of this member ccours ou the north side
of the movatalns sad is Dest exposed along Mulhollamd Highway
where it resdhes a thicimess of about 7850 fest. I has alse
boen foupd by the author on the south side of the mowmtaine,
but here sttains a thickmess of ouly about 76 feot.

The formation iz & desp red, slmost purple vasorted ocon~
glomerate with thin sandetone beds developsd in one or twe
placaes. The most conmen boulders of the conglomerste are granite,

dlorites, red aplite, and 3 greenish gprey feldspar porphyry. The

member gonteins lesser guanitities of quarbzite, véls guartz, sad
feleite boulders and o Tew Ifragmente of Sentz Vonles slate, The
rock iz very soft and highly weathered and even the bvoulders are
goft snd easily crucied. The matriz le ususlly present in lavger
amounte then the boulders. The boulders sre peorly sorted, but
wsll rounded snd highly volished. Some sre ss mueh ss two feed
in dismeter, but most ave much smallere

@:ﬁe relation of the lower red conglomsrste to the Trisssis
siate and the Upper (retscscus lower ariwss {mewber B) is vest
shows on the seuth slope of the moumtelns ia ares I, the best

rposures being on the firet vidge west of Uandeville canyon,

where four vood guls sress the contant. In the resd out on top
of thils rldge the vel conglomgrate whiokh bere is shout 75 feet
thiok, lies on the Sants Yonics slate with 2 profound wnooniormitye

The siate is highly netamorphossd snd evntoried, but has been



PLATE 1

1s Lovwer red conglowmersts on mlholland Highway., Aves IV,
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groded o o smooth surfacs on which the lower red conglomerate 1les.
The contsot with the slate dips shoud 25° to the south.

Phe devositionsl opntuct betvesn the red comglomarste und the
sveriying srkose {member B} is sinmdlorly shaype The dip of ithis
contest aporozivetes that 2% the bose of the conplomprates Un the
gust side of the ridge the red conglomerate is spparently overlapped
by the sykose whish is im depositiomel comtuot with the slate along
the flret and second rosd oubs 2bove the bottom of the Ganyon.
Between these two lower road cuts hovevers & thin wedgs of red con-
plomerate appesrs between the slste sad arkose.

The red conglomerste is found likewlse on the ridge sasi of
Hundeville cuanyon anl slse on the yiég% sust of Bustie cmyun. The
lenging tharveotesr 6f the conploneretes sud the shavyy conitsst baltwesn
it snd the lover arhose suggest on usconformity bebvween the twe
members with the everlyiag arkose overlapping the conglomarnte.

The srea of lowsr red oonglomercate on the north side of the
rangs in srea IV is mush larger spd thicker, but the ?giatiﬁﬁﬁhiﬁﬁ
ges poorly expossd. However the red songlomgrods may be seen lying
on the dlste with » deponitions] oontaot in one swmall rosd oot on
the svenida Oriente fire road shout 1200 norih of Hulholland Highway.
Ne good suposure of the upper contact wees found, but the chonge from
red conglomerate 0 brown conglomersts or orkose seems felrly sherp.

This aren of ?@ﬁ“@$ﬁ§§§mﬁiﬁtﬁ gxtends in o northezeterly direction
with ¢ ©idth of about 20007 for almpst three miles. %o the northésst
it iz overlapped by Hodelo shale =znd sondstons. To the southesst the
conglemerste plaches cut either by thinning or faulting or overlapy by

the overlying srkont.
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Ho fossils hove over bsen found in this lower red conglomerate,
hanes its exact sge is not oWl & very similar unfossiliferous soft
red conglomerste, the Trabuce formetion, 1lisg at the base of the Upper
Gretacecus section of the Samta Ana mﬁﬁmmm From the appearante
of the two rosk types sad thelr imaﬁim in the seotion, 1t is thousht

that they sre probably the some sge. The Trabuee formetion has gemersily

been assigned a late Lower Uretaceous or early Upper Urstucevus age from

itz relations teo the underiying sad overlying rocks

Be Uosrse srioss with interbsdded shele snd conglomerates

The lower arkose is Dbest developed In Area I where it reaches a
meximen thichness of 2500%, ¥he thickmess ineressing slightly tevards:
Handeville canyon on the sssts This member im this aree forms e sirin
#Wr twp miles in length éigsggsmg eff the south side of %ﬁa»rﬁiﬁgﬁ at

ging from 15° o 80%. It ie best exposed on the ridges

g

batween Mandeville ond Rustls conyons.
The srikose, whith makes up about 807 of this member, is
eharacteristically light brown, coarse, mussive, and ’e’?@ii songolidated.

The pringipel nindral constituents arve guartz, feldspar, and blotite

with meny enall graunitie freguents. Shale beds, uwsually of e daork grey

golor 2nd rencing from paper thin lawinse to a2 mmeh ap 20% in ihicmess,

gre found m%ﬁs@é&@& with the arkvose. The conglomerate beds may be
#8 mach a8 oune oy two hundred feet thick, but are very varisble and
rapidly lense out along the strike. The comzlomevate %miﬁts of the
thide member above the arkoasg.

ohis lower arkosc mewmber is zmmi};ﬁ"im@ lying upsa the lower
red conglomerate with a sharp break in lithology, Wt with no marked

angulor snoonforaiiy.
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Where the arkose lies diveetly om the slute, slate fragmente ave
sometimes found niwed with the lower five or ten feet of arkose
while in other lecslities no slate frapments ocun be fownd st the
base of this member. UThese slate fragmemts in the lower few foet
of the arkose suggest that the arkose wes lald down direstly om the
glate thus offering sdditionsl precf of an wnconformity batwaen the
arkose snd lower red conglomersie. The evozion surfsce on the
Shte Hcnica slate seems to have seen generally flat with ocossional

small gullies. About two thirds of the woy wp Pemesesl sanyen a

small slate nensduody protyodes throuph the Cretuseous rociss

A eomplete gradation exists betwsea the lower arkose and the
Shiak aa&giam@tm% gection {mmw 0} above, so that the contact
between the two members is arbitrary. Conglomerate beds beoome
thioker and more numérous end arkese beds thiumer md less numerous
gt progressively higher },%’%515 in member %,‘ 86 that the upper parg
of the member is almost eutirely mede up of conglomeyete.

With the excsption of 8 few plant fragne

of Yandevills W&@ ne foesile have been found in this préab
thigoneds of clastic meteridl, honce 1o dirsot corvelation san be

made with othey gseations of southern Califtomis

 Geo Gobble conglomerate.
Porhaps the most remariadle festure of the Urebageons rosks

of thic aven is ke geent %ﬁimgggﬁf

sobble conglomerate. This
sonplomevate iz best sxposed in Temescal camyon, but ﬁazg be traged

ge far esnt ac Memdeville cmayom, where 1t iz completely overlaspped by
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Hodelo 2nd Quateranary terrass depositu,

Hear Temsseal canyon thess awglﬁm@m%ﬁs vaach a thickn
botween 3000 wmd 4000 feet. The conglomerats section ls duplicated
to some extent by seversl smsll, probally normal foults which dip
steeply to the north.

- Haselve reslstant arkose beds as wuch as B0 feet thick are

feund in the lower 1000 fest of the cobble conglomerate members
These uve best exposed om the west side of the upper pert of the
amall cenyon east of Temescsl conyons The upper two or three
thousand feet of the cobble @magmmmt@ is almost sntirely composed
of » uaiform conglomerate with very abendant, strikingly mméﬁe& soblbles
and boulders usually not over 8% awi aversging £7 te 5" in dismeter.
The cobbles include gramite, dense sndesite porvhyry, diorite, snd
gosasionslly gusriszsite m‘mmm? The matriz i sandy snd ddoscsous
snd much less prominent than the cobbles snd bouldsree Thin lenses of
sandstone occur in a Pfov plages in the conglomerel too, Wut on the
whole bedding is very indistinet or absents

Phe unfossilifercus conglomerste (member €} is overlain by
fossiliferous, fine grained, sandstone (member D). The coutact

batweon these twe emembers is very sharp, Wt no marked angulay

uneonforalty exiots between them. The nature of the eontach
batwess the conglomerets aud woper sandsione on the west side of the
lowsy part of Temsscal sanyon suggests sn overlep, but evidenss for
thisz is ss yet not conclusives To the east of Temescal sanyon
thig Oretscecus conglomerate and sausione is progressively overs
lazpped by the Hodelo shale and sandstone snd Quatemsry teyrace
ETAYEl %

Hoots believed thih these conglomerates were wmarine, bub

direet evidense of thelr orizin is laoking.
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PLATE I

tuarry in Jetaplscenticerss beds {ivea 11}, Saunbs ¥nez Canyon,

Losality 54.

Opposite zide of seme quarry.
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De Fine prained fossilifercus sandstone.

“he sendstone overlying the cobble conglomerate near the bottom
of Tengscal canyon iz fine grained, messive, and tawny colored often
stained reddish ou the weathored surface. The nmember may be as wuch
as 300 feet thick, but the contact with the coarser wunfossiliferous
arikose above the sandstone is net well exposed.

vossile ogour within 100 feet of the base of the sandstone in

hard grey lenses which are ususlly less than one foot thick and five
or ten feet long. The fossils are fairly well preserved, buil the
sandstone in which they cceur is so hard that few good specimens cun
be obialned sg the shells tend to bresk away leaving cnly the infsrnal
caste. Nuch of the fossil material is fragwentary, so it is probable
that the fossils have been tramsported and deposited in these lemses.

The same sandstone probably oocurs about one nmile sast of Tenmescal
ganyon. in the vieinity of Hoots® losality 49. This localiiy is now on
privaite property and not accessible, but the fauna is similar and the
matrix in which the fuossils ave found appears to be the same 2s that
at loeslities 1422 and 1428,

The fauns from locslities 1422 and 1423 on the west side of Temes~
sal ssnyen include:

Glyeymeris vYestohii (Gabdj,
Plaventisz lens [Gabb), Cymbochors ashby

Trigonia sp., Jeekls navis dabb,

raerid (Gabdb), Perissytis
brevirestris ¢ {(Gabd), Conchothyra rotunda (Waring), Maergerites
ornatissimas {(Gabb), Jyrodes expamsa Cabb, Turritslla ghiscensis
perrini Merrism, Turvitells chicoensis perrini Werriam flat whorled

variety, 01

zoptyche oblisue (Gabb), Metaplasenticeras califormicum

{Anderson), Metsplacenticeras pacificun ¥ (Smith).
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asgemblase. Three species of this genus M. pocificwm

fe Galifornicun {Anderson) =ad Y. sentsemonics{Weringl, have been

deseribed from the Uoper (retaceous beds of the Pacifle Coust.

ornigum have generally bew foumd
sssociated and appear to have a narvew stratigraphie range. The type
loaality for these ‘tﬁ:% spaoies is Hemley, Galifomia znd they have
been reported from irveye del Valle, southesst of Livermore, ilameds

Qountys in Siekiyou Countys in southera Ovegony in the Smmts Ana

mountaine, and in the 3imi Hills {4}.

{4} %ﬁm,‘ de Peyg The Development ami %ﬁﬁmy of §3&ﬁfém§im¥f§3¢
Froce Cule Agafl, gi : Tole. 1. o et Ue

Swith states that Helsplacenticetss has a wide range in northern

eeutral, snd southern Ualifornia, but isdways found in the same horizom.
Unfertunstely very little is known of the stratigrephic position of this
horizon in the logsl seotions in morthern and central Galifornis.

The position of the genus Jet

rag in the Uppsr Cretacecus
seetions of the Sante Anae movntains snd Bisl Bills, howevery, has boen
determined by Pepenoe (3) who found that it is confined to a %rg narpoew
_ horizon and may be comsidered %o yleld s basls for eorrelation of
gousiderable lmportance. Popenoe bellevwed J, sanctsemonics to %ae &

synonym for Y. paelflcum,

Sinee | wﬂ» iceres has been found within m@mw 1imits in all
four arses of %%%m@sma rocis desoribed in mm papsrs 1% has been casd

a1 o nmerker in the probeble cworrslation of the four aronte



Be Upper sviose smd songlonerato.

The usfossiliferous arkose and conglomerate overlying the fine grained
f#%%ﬁiif%?ﬁ&ﬁ gandstone west of Ponescal cayon is gimi;%r in sppesrencs
to the lower arkose snd conglomewates. The thickness of this upper member
is indeterninats due to overlap by the Modelo =md complicstion by faulting,

bt 1% i probvably at leset 1000 fest thidk.
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DESCRIPPION &£ED SUCQISTED CORRELATION OF PHE IFSSHER C(RETACHOUS ANEAS,

11 Sante Ynes csnyon blook. [Area 11}

This block in the lower part of Ssuto Yooz cunven is bounded on

all sides by faulte, with the possible exceviion of *;ha gouthenst coraer
where the structursl relztions are met well exptsed.

The lowsr purt of the seotion conuists of fabrly Goarse greined,
hards grey, arkosic sandstons. The Jower pavt of this arose is well |
bedded with massive beds ranglag frw& & few inches %0 ten or twenty
feet thicke. The upper part is massive and is ousrried for use ss rip
rape A fow small unidentifiehle wollusks were found nenr Hoots®

ailsloden brswaes

locality 41. Heots reports Pay iomug from this m‘wmt@m
A fine gmimﬁ fossilifergus sandstone overlies the srkose.

The sanistone iv very similaer iéx gppearenss to that Jp Arves I, ond the

fowsils oocur in small, extrewely hard lenses. The fams ss listed by

|  Hoots ls very similar te that of the sandatonss of lover Temescal

canyons It contains Metaplagen

geras and some of the fossiliferous

lenges are mede updimost entively of the glant variety of Turritells
- Gideosneis perriniMerriam.l% is believed thersfore, that since both

the 1i¢

bology and fawms sve so similar, that thews beds are probably
sorvelatives of the fossiliferous beds of 1@@@ Temgscal Uanyone
douth of these fﬁsg;’tlif@r@ﬁﬁ beds the dip stespens rapldly.
Several hundred feot of sandstone and arkose overlie the fossiliifevous
beds. Thie sandstone sad arkess is im turn overlaln by a thousamud
feet of slmost verticslly dipping cobble conglomerate., The sontact

between arkose snd conglomerste is well exposed on the enst side of
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Yemeseel cenyon and is 2 wormel sedlmentary coutact. %o the
gast these conglomerstes rapidly grade inte asrkose, 8o thaet ab

the top of the ridge east of the

gemyen the conglomerate has
lorgely been repleoced by courss srkosg. | |
The upper part of these conglomerates in fante Yeez cunyon
hag beenm faulted agelmst Topamgs sandstone.
Phe age of the block on the ridge on the west gide of the
lower part of Santa Ymez canyon is not lmowa. Mo fwgii& have

been found in it so that it may be either Crelacecus or Hooene.

i1l s. Oretaceous of Upper Temssosl ceayonm. {iree 111}

& strip of Uretoceous rooks shouk helf 2 miia:a wide extenis
from about half a mile north of the lockouni tower on the Sants Tnez
sanvon fire vosd in & south essterly direction for zbont two and
2 hal? miles, Thisz CQretzoeous gection is not over 1000% thick.

Por the moet part this strip of Oretescecus vocks is composed
of avkose snd conglomerate, but ;;a winy visges @m% the top of the
section lenses of fine grained fossilifervus mﬁéﬁ&m are found.
he lithelogy of this sondstone is very simllar to that of menber D
in Aves 1.

Just a8t of the loohout tower on the Sants Yuer flre roed tls
Cretaseous section coneists of besl member of sbout 200° of coarse
arkese lying on the Sands %%éaiﬁ% slate, #n Intermsdiste member con=
gioting of 200° of cobble complomerite lying on the arkose, and sn
wrpeyr meuber composed of about 100* of the fime fossilifercus send~
gtone on the top of the conglomerste. The contset betwesn the
songlonmerete md %;s;g;;gsm* sendstone is very sherp sugessting & possible

ungonfornity between the 1Wo.
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Phis succession is similar to thst of the thick seotion of irves I
{menbers By O 84 D) but is very mmch thinner and to the southesst of
the locality Just memtioned no sherp distinction between the
eonglonerste snd lower arkose oam ke found so thet the lower zwé
members cennot be dirsctly g@?rgi@ﬁ%ﬁ;

Fossils found in the upper sendstene in Arvea 111 2% localities
1424, 1426 emd 1&2& are very similar to those found im member D in

sres ls The fauna containe Het am {Anderson)

; nii (Gabb) is the most abundent species
in the sbove localities snd is also found in Hoots' locslity 49 im
member D in Ares I. Decsuse of the siziler 1ithology snd fﬁﬁma this
smdstone 18 belisved o be Gorrelative with member D in Aves L.
Thess Qrﬁ?&@%ﬁﬁ% rouks s leanst for the gzrester varty lie

unconformably on the Sante Mounlocs slates and mot inm fault comtaet
se believed by Hoots. The gontsct may be followed arcund the sunyon
walls and appesrs to be zlmost flat or dipping gently to the southwest
parallel to the overlylug beds. In one lozality sn exeellent sxposure
may be seon slong & ¢liff betwesn Tenesenl snd Bustic canyons, ﬁ%é‘ﬁﬁg
b r@ﬁaﬁeﬁ by the flre tralls sbout half way up Temssdal canyon.
The ¢lift where the comtact iz best exposed ls sbhout 500 fest north of
the fire trail oz the sest s;ée of the ridge. 7The contact between
the glste end askose s very sharo aad no trage of the lower red
conglomerate has besn found 2% this exposure ov elsewheve slong the
gounbaet in this aves.

This strip ef Grelaceous rocks is cubt off at both ends by faulis.

There seems to be sone unexposed structursl gomplication at the south



end of the strip as the large easterly trendlag fault between the
Beoene and xﬁam fretaceous seotion in Area I ss%n be traced azﬁg a8
for as Pulge semyon, but wust separate the two arsas. It canmot be
traced directly soress the Cretaseons = %é:am fonies slate sontact
however.

The relation between the Cretscecus snd overlying Zocens
is apparently one of overlap. At some ploges along the emtiact the
Booesne gholes 1le upon the upper fossiliferous sandstone, while at
the othar plases the Zogeme shales lie directly om the conglomersts with
the sandstone missluge At the point vwhere the contast crwosses
Pemesonl conyon some of the wopsr conglomersite and arkose i& sxposed
between the Dooene shale snd the fossiliferous Oretsceous sandstones
%o grest angular wnconformlty hes been found between the Upper
Gretaceous and Hartines rocks, although an eroslonsl uwnconformity
is spparently present. ﬁ

The Upper Uretagecus seotion im this strip jJust desorived is

apparently very much thimmer then the sectien im drea I. It 1s
probable that the neture of the deposition aceounts for mach of the
thinnings bot 1% might be purtly due to sn overlup by the upper
fossillferous semdstone (D}s The lenticular nature and the great
thiomeuses of oparsg &m%é m@; é@ﬁglm%wéta suzgest very rapid
deposition in desp basgins =0 that :*g@a;;g grest veristions in the
thickness of the segtion are o be expected.

i¥. The Oretaceons of the Reseds Cuadrangle {Aves IV).

The 3@%? redl conglomerate of this ares vwhidch hasg already
been described om page (12}, is the probhle equivalent of member 4

in Arvea I, but is heve much thicker.
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The Gretasecus rooks overlying the red comglomerate in
the Reseda uadrangle weve estimated by Hoots to be 2500 feet thick. The
basal 1000 feet of this section is composed largely of coarse, 1ight
brown arkose, with soms thin beds of shale and conglomerate and
ressmbles the rocks of member B in Arves L.

The asutbor found ne fossils in these beds. Hoote, however,

found speeifically indeterminate Seupbiles end Inceersmus in the lower

arkose, and & feuns contuing Metsplesenticerss in beds sppsvently
everlivine the cunglomerstes and Just below the Hotens conbtudt.

these faehs suggest that the upper 2BO0 feet of arkose, conglome
erate anl sandétone developed here probably dorrespond to the Y000

foet of nmenbers B, Uy Dy and B in ives l.

Vs Possils of the genmus luocars

mug have been reported on the

ride

s esst of Stone Canyonm reservoir im rooks called Topangal(?) by
Boote, indicating thet these rocks are Upper S?éi%ﬁ@sﬁﬁ rather tham

Blonens.



ansils frgmz %};@ i" apia : :
af t%re eastem ;zart of the 3&@%& %ﬁwica maun’eains
B N B i {gg@m%;sr }33 1 ‘

*“sa* 1&@&1&%&9@

1z
1426

| ?&E&E‘*YPﬁﬁw BN WS S SO BN SRS VU U NS NN SR A SO AU
,sw%ﬁnaea swmgi Vering o ﬁ, L SRR b S .
,?aran@lﬁ&m; iamwarims {G‘;ab’i;j, L L % N R DS RO B S
Glyeymeris mafm 3 ii’;a%&bé L X £ XX . XX X ]
Meekis mavis Gebb  |x . x
Crassatella sp. A U S O O ¢ ne

4
4
54
=4
4
=

f{m@s&aﬁ%@i&;&g Y1 T N O O VO N O OO OO O O O R M A P 3
‘Protocardia sp RN 0 T S T T N T O O O A N
j‘yésb@z@mra gab%iaza !@éerma? | xx  xx | x X
j,wi& (@a&b? o lxx -

Vgt
=2

I
#

. ch@hﬁi“a agh,z
Lw@%ml& s}sa o

;«g

fFlavemiﬁ lens é&ébb? e ax L

;ﬁri@meallis%a ha%xaiam (Cooper} | x
Trigonis evemsema¥eek | X X X X X X X X XX XXX
rrigonia lemmegabb | X

b4
RN
o .
o

e
~

; a?&alﬁﬁyﬁ%% ﬁgw L

3’3&3%@?@&3@ [ B SN AU RN PR N N | I T B
i@ywééﬁmwﬁmﬁm R PO T T 10 N O T O O R N P 5

Grotes compreses Vertag | 1 %
;mﬁﬂ?@é%gp@{_ ~ o L : A R N :

Margarites ornatissims {&»abﬁa} o X
%rii;el},&. am%sgsis garrit;i {Merriam ' | A R

a@sas ,figggxﬁizzi {Merriam)

vertng) | x .z
i%m@&%m ever11 {@ep») | % . X

Oligoptyche oblique (¢ab0) |xx . x X
_Perissytis brevirostrds ¢ {Gevd) = | X o

g@gm@%ﬁ@g S N N

 Beculites sp.

 "Pachydiscus" sp. A (glent species)
"pachydiscus” sp. B emd ep. ¢ |
gﬁﬂ%ﬁ&g}.mmﬁi%r% gasifim (Smitn) oz X

SR SIEVE

| Elgg@taplacentlceras oalifornicumf (andersonly x x x

=N
4




Upper Grataseaua ﬁ@ﬁsils —
; frsm below the ﬁesaglaean%i@@ra& beds
@f the eastefa ya?g af %k% ﬁaata &eni@a msuataias

~:§§§%§? 1§aa;it§$@f
41 16 18 19

?ara&iaiﬁaaﬁ %raw@yiaaas €Qa§% % : X,g, —
‘Iaessramas 8D g',;, S | . ;g
Eﬁaaulitsa spe | | :
Seaphitaa 3f¢ ﬁg gizlisi ﬁad@rsen x

ERE




w 25 =
GORMELATION OF THY uPkin CRHTACEQUS OF THE S4NTa HMONICA UOUITATES

{2) Local correlation.

éiﬁ;a@ﬁgéz geveral new Uppey (retacecus fossil locslities wers
found in the eastern part of the Santa Yonics mountaling, enly three
11 {gabdb), and

species, Pluventia lens (Gabb], Cymbovhors

Perissytis brevirostrls (Gabb), were added to the previcusly known

faung. With the exception of Boots' loocalities 16, 18, 189, and 41,
the fauna appesrs to be from the seme 1lithologic uember and is
ticsras califoraicun {inderson),

gharacterized by Hetaplacen

Turritells chicoensis perrini Verrissm, end Glycymeris veastehil (Gabb).

Several other specles are found in only & few of the localities.

The local sorrelstion is showm inm the colummar sections (Fig. 8l

{b) Correlation with the Ssmta Ana mountainsg.
Popenoe (3) made the following remerks on the correlation

¢f the Velan ubigerss beds of the Sants Mouniecs wountains. ©All

L8388
the fossils deternmined from these beds in the Sants Yonica mountains
have been found in the Willfams formation of the Santa Ana mountains
with the exception of ZParalle breverignus and Conchothyrs

rotunde. The Williams formation ¢hen, is probably correlstive

Gaon

with the Yetaplacenticeras beds of the Janta Vonica mpumtaing.”

The pressnt work has tended to counfirm this correlation of the
Yetaplaventiceras beds (mewber 1) in the Sants Woniocz mountains with

the Williame formation of the Santa Ans mounbtains es the additional
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gpecies found in the Hents Moniocs mouwntaing sve algy gharasteristic

of the Willlams formation. WYegs guticeros smd the flat whorled

variety of Turritel perriniMerriam which oscur in member
B are found only in the Willlams formation of the Santa Ans mountains,

Likeuine tia@ glant veriety of Glugyme and levge gpesinons of

obligua {Gabb} are characterisiic of the upper

soptyena moet beds of the

fanta Ana mountazing, end as Popence mentioned most of the other species in
wember D ave found in the Willisms formations. This correlstion therew
fore is believed %o rest ou g firm founal basis,. |

The lower red songlomerate wmember {mewber 4] im She fants Honies
mountaing is very probadly corrslative with the Trabuco formation of
the Santa ins 'mwm&&m. Both formations ares wnfossiliferous, bub
their lithology $s similer and they heve the same relative stratigrsphic
position. They may well represent the same formetions

mewber U} wud the lower ved

gonglomerate [member A) of the Sunta Yewiloza mountains ave correlated
with the Willlsms and Trabuco formetlons wespaetively of the Semta
Ans mounteing, perhaps much vf the Cretacecus stratigrephlie eolums,

a6 represented by the Ladd fermation in the Banta Aus

Cmountalin, s
represented by the thiok dlastlie maubers By and Gy of sres I of tle
Sante Monics mountalns. 7The lithelogy of the two seetiong; however,
$2 mach 4l fﬁ%wé&% since shale is predonineni-in. the Santa ina
mmﬁtaim* while in the Sante Yonies m&éﬁmms the gestion is mach
%%i-%ﬁgé? and ?ﬁﬁré irregulsr and the sediments are predominsntly

songlomsrete and OBYEs 9YX05%
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fo} Correlstion with Simi Hillse
Popense (3} has determined thet the “ssleareous ssndstones ot
the bwee of the eynosed Tpvper Gretacdous seetlion of the 2wl Hills zre

in part euddivelent to the saubzome of Turritells nsis {glont form)

5t the top of the ﬁﬁlz ghale of the Sanis Avs mountaius, wd In vard

ieun beds! may be equivalent te the

Williams f@f@%&mﬂ
The Hetuplacentisoves beds mesr the top of the calcareous sende

stones 8 the base of the ex

ot aad ﬁmﬁr Sretaoscus seotion of the Sinmt

Bills are then prebably the equivelent of the Hebsplpgenticerss beds

of the Sants Nenlea mowntains. Simtesn of the ninetesn determinable

gpegies from thé Mo

7

taplagontigerns beds of the Ssuta Monica mountaing
are foond I the Yetsolacmy 5g beds of Dayton cenyon in the Simi

Hillss Ome of the nineteem species, Gomchothyrs rotunds (Wering},

hag not boen found slsewhere in Califorsla.
if this correlation is corvest the 1500 feet of ccarse arkose snd

conglomerate exposed shove the Meteplag a8 bads in avgage=] and II

on the fSanta Honles wmountalns may represent pert of the 5500 feet of

magsive sandstone abvove the Jetepl svee beds of the Siml Hills.

Unfortunately uo attewpt com be made to correlste the

satigeras beds with nordhern and eentral Californis-as although
lagentiseras is known to oceur in several places, uo detalled
work has Dean dons on the stratigrephy of those areas.

Jdo Po Buith {4} bas susgested that Hetuplacent g wap probably

of Cenommisn sge tut Fe Yo snderson {5) in hlg latest vemorks
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{5} Vm&%mm,/% Yoy Subdivisious of the Chice Series. Abstract,
e Be Aoy Cordillersa Seotion, April 1941,

on the subjest has placsd Ysotsplacentice

rag about lower Senonlem.
whis lntter determination seems %o sccord betber with aown

astretigraphic facts then the serly correlation of Smith.



SERATIORADHY OF THE BiBTIMEY

The Martinez formation of the Reseds quadpangle has been
é%@%m by Hoote ag & thin wait of shale, candstone, sud limestens
with ax epproximate thickness of 250 to 380 feets

The largest ares of Mertines sediments in the Ssats Monles
mountaing is malnly between Pemeseal snd ssnta Ynos conyons in the
Popanes cenyon gqusdrangle to the south of the Reseds guadrangles.
This ares sxatends in & norithesouth divection for about thres miles
and averages sbout oms mlle in widths, In the southern two~thirds
of this sres the Martines rocks dip 20% to 45° to the southwest.
The morth end of the Fodene block is on the mose of the main
sunticlinzl fold of the mouniszin ranze, s6 that there the dip
swings svound to the wrthwest.

The Martinesz settion is betwasn thres and four thousand feet
thieke The lewer 2000° sonsists predominently of shales, with
some siltetone and very fm@ grained éﬁmﬁ%%ﬂ@g and Interbadded
reefs of alpel limestons. 7The shale is wicaceous and usually &
182t brows color, s‘mﬁag litile svidence of bedding mad am;%amiﬁg
very hard, fine grained coneretions. The siléstone snd fine grained
gandstone Yg finsly bedded and very often shows excellent arosse
Bedding.

The alsel linsstone ooonrs in prominent discontinuwous white
reefs vorylng in thicikmess from 2 few inches to about 400 in the
ease of the largest resfs Usually these reels terminste very abrupily

although one lavge veef has been traced for about a mils wmd a half
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zad s approximstely 4007 .*aiﬁax in its thickest pari.

The wpper 1000% {o 2000 of the Mertlaez consists of ariose
and conglomsrate with sous shale and many smaller resfs of algal
linsstoge. Ho uasoforniiy has been found anyvhere in the Martines
el the ehale and limestone In both the upper mmd lower parts are
gimliar in appeargnce, The arkose i uvesuslly 1ight oolored and
the conglomerate fv whitew, hos mors metrix, is poorly sorted, and
the pebbles wore anguler than the cobile conglowerates of the
Crotacesus. Many of the arkoss beds stand cut as bave ridges in
the upper part of Pules Genyons

The Bocene rooks in the north eastern psrt of this ares lie

mngouforssbly on the Uretegesus ssudstones sad %ﬁg&@mmwm The
gther gontacts are fmult contsots with the possible exzveption of &
iseality shout half 2 mile north of locality 1485 where the

Yagueros {7} beds mey 1ie ungonforsably on the Zocens. The sxast
lecation of the eassterly trending fsm:i% whieh forms the south boundary
of this Zeosne ares ls not huown sg both the Hartiner mid Upper
Cretasecus rooke consliet of similar sppearing arkose, but 1t is

beliaved to be ag;;@mmzﬁm&y 28 indiceted on the maps

4 distinet angular weonforsity iz prosent betwesn the Ysriinez
awud overlyiug Vagueves(f) ~ Sesve (¥} as the ¥iddls znd Upper Hocene
are misglag snd thers is o difference of 20% to 30° 1n the strike mnd
dip of the twe formations,.

The susll reotangular faclt bloek aboul one hal? mile noxth west
of the lookout station ls composed of arkosces and couglomerates
dloping %o i:%m zmm@@ and intvoded by zabbro plusg. So fozsile

heve beesn found 1 thie smell Blowr. 1% contsine two smsll



reefs of algel limsstonse, white, noerly sorted conglomerate, wmd
ridge~forning arkosa beds. For these veasons these rocks are
believed squivalent %o those im the upper part of the Fodeus arves
%0 the south.

Hartines fossils have been collected at several lecalities.
The fossile are g;ﬁgrw preserved snd uenally only the caste of the
origind chells cre founds %The material was collected mainly to
deternine vhether the rooks wers Upper Uretacecus orp %ﬁgﬁ;iﬁwmg

g0 that ounly o few of the dlsymostic species were identified,
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