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C.F. TOLMAN
STANFORD UNIVERSITY
CALIFORNIA

June 18, 1939

The Permanewte Corporation
1522 Lathem Square Building
Oakland, Californis

Gentlemens:

At your request I submit the results of our sampling

of a portion of the Permanente limestone, situated on the

southern slope of Bald Peak and on the northsrn slope of

Permanente canyon. The area sampled lies above the 1500

foot level, and also dbove the mess of Frsnciscan sande

stone end volcanics which separates the grest limestone

body inte two portions. The area sampled covers the

Southeast Quarter of Section 18, Township 7.Soibh, Renge 2

Wost and does not inelude large and easily available

bodies of high grade limestone north and eest of +this

area nor the large mass of limsstone below the 1500 level

or the northern slope 0f Permsnente canyon, nor the mess
of limestone south 6f Permanente Creek. These three ade
ditional areas comtein large tommages of high grade "dark"
limestone.

The area sampled and tﬂe-araal extent of the embire
body of Permesnente liméstone is shown on the Location Map
accompanying this report.

The present preliminary report is accompanied by the

following photographs, maps and tabulations:



Y. Penorsma (In Ervelopse ).

- Panorema of Ahe am\‘ﬁhsl _Bald Peak showing the

limessone bedy frem Permanente .Croe

10isoan sandsbone and voleanios

(1). Logation mep.showing:
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(2) Geologis-mep-
tour embraping: proposed.pew.g

. kheg-arss. of proposed new gquarries
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- {4) Geelogic cress sections shewing geology axnd
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A end Be-. The satinabes of Lonnage: ag,;;@-,gg}c_ulati ;

avenags welue

volope e

(8) Map
(7) Hap of Cley Area Ga (In roll).
(8) Map of Clay Area D. (In rell)e.

III. Tabulabtions.

(1) Tsbulations of chemigel snalyses of limestoms 1o

et

X to the top of Bald Peak

4 quarries .




The Permensnte Corporation
June 18, 1839
B

(4) Jack hamer samples.
{B) Diamoﬁxi drill sesmplevs.
(€) Hand ssmples.
) fi'abulat-ions'-cf analyses of surface clay o date.
(3) Tabulations of &nalyses of andesits ax'm',g;igogﬁ_:,,
aﬁéd:"-sgndsﬁibne formetion. |
| '(A) Upper andesite.

(B) Pranciscan sgndstone and shale along west

ﬂ'(é')ﬂ);’malysea of bay cleys north of the Bs.yshore. High~

(€Y “Fhterbedded -?r@e;ée&m---é&ﬁﬁéﬁoﬁe axd .hsha:-le»
vy (Pelend Hand Sanples of Claye).,
l (B) Logs q;‘_,:wglls_' inl'?;ij-veé east of Bayshore ':Hi_gh;-
“(8) “Tabulations showing tonnage and écmposition of
the Permansnte limestone avai_lgb;e within the pro‘pesgs_;ij

¥s 17 and 18).

quarry sites A &nd B, (Texﬁ:a

(8) Tabuletions ghowing tomnage of clay available on.
the properties 6f the Pérmenemte Corporation. (Text, p. 20).

“Réspectfully submitteds
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REPORT ON TOWNAGE AND COMPCSITION OF
LIMESTONE .A.VAL.‘AB;JE IN PROPOSED GUARRIES A AND B.
) O3 _AlTD SUPERFICIAL RESTDUARY CLAY
O THE PROPE: j BNTE CORPORATION
SANTA CLARA GO’”NI’X', CALIFORNIA

PAR? I, {TEXT)

Stenferd University
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REPORT ON TONNAGE AND COMPOSITION CF
LIMESTONE AVAILABLE IN PROFUSED QUARRIES A AND Bs
PERMANENTE CCHPORATION, ANP SUPERFICIAL RESIDUARY CLAY
ON' THE PROPERTY (F THE PERMAWENTE CORPORATION

SANTA CLARA COUNTY, CALIFORNIA

Part I, (Text)

SUMMARY OF REPORT

Qhe Pormanente limestons aveilable apgye théAlpuest

level of the two proposed gquarries cemsiste of three, lime~

stone formationzs (1) lower “ﬁﬁité“ cherty limsstons,

(2) "derk® high grede limestons, (3) mpper "wiite" cherty

limesbone.

The averege composi

ion and tonnegs aveilebls of

hese three types of limestone above the 1500 foot level

(in the proposed gquarries) are as follows:

Upper Light limestone = 1,361,800  72.04% CaCOg
Dark limestons = 15,320,000  86.21% CaCOy
Lover light limestone = 18,430,000  69.07% CeG05

Interstratifisd betwden the lower “white" limestons
and the hiéﬁ grade “dark™ liméatone is a bsd of clayey’
Francisosan sandstone about 30 feﬁt th;ck. The tonuege of
thiz material is 2,444,000 tons. The chemical composition
igs given in Tabuletion No, 3 Co This meterial cén sither
be wasted or utilized to mix with the elay-bearing portien
of the cement mix.

The limestope fermations menitioned abovs rest on a



thick bleck of Fransiscen #agdﬁ‘@}lﬁ and voleanics (andesite)s
This for.;natian limits the .bas.e of the u;ppe_r guerry and by
its thickness greatly reduces thé available tonnhage of lime-
stone underlying the sandstone and extending down to the
bottam of the canyon of Permenente Creeke

§48t566 above the 1500 foob

Most of the mvall
level cen bs extracted from the two propesed guerries, If

it is deSired to wtilize all of the limestons above the Fran-

cizean bsae a subsidiary querry can be rum’in from ths 1400

The geoldgic cross sections have been used to caleulate

e ag off 0f “the three limestone for-
metions. They should also be used ia laying oubt the pre-
posed quarries.

- Finslly, only & poertien ‘of the available tonmage.of

high gré.de' : *d‘ar‘k"_ limestone of nhs Pérmanente ﬁi‘cﬁerty will

be extracted from‘the proposed quarries. The extent of ‘the
entire Permansnte limestone body is shown om the Location

Mep attached to this reporte

Cl&g.

35887,100 tone gross end 3»8H - tons after coarse is

dedusted of residuary cley cepplng most of the p}royazj_t‘y of

the Permanente Corporation has been sempled end analyzeds and

the analyses are a‘l_:'l:aéhed herswith. |
Unlimited depoaits ef bay clays are available in the swamp

lands cof the-San- ancis__c__e. B&y eight miles from the preperty of

the Corperation and cleys ofsm}.ar character ogceur under a

thin lsyer-of overburden between the bey and Beyshore Bighwy.
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enly s smell amount of cherd; (3) the upper herizen of
"white" limestone with mueh inberbedded cherts similar
in charsecter end compositien to the lower hoiizon~of
ehite" limestone.

The base of this series is a _mdge_-.s)@apeé ﬁass of
Franciscan voleanics and.-sendsbones the uppermest contact
of which lies in the vicinity of the 1500 foot level end -
w1l form the bottom of ti;e proposed quarry B. Below the.
Franciscen inelusion the limestons series is repeated by
thrust faulting, and & large additicnal tomnags of avail-
§b;q;limggtogﬁénoﬁﬁiﬁgiaﬁgﬁTimﬁthis report oscurs below.:
the 1506 foleth centouf down ¢ Permenernte Jresk and alsc
on the mountain slepss' gaath of the sresk. The imvesti-
gation of the details of 'th:is faulting apd of the struoe
ture of the entire mess of limestone has not as yet been !
completed and will be disoubsbd in the finsl repert and
depicted in the finel oreas sectioms. The acceampanying
crm.::,.s 33:;?;19&5 show the structufe in s fam.as it effecin
the proposed guarriesz. s and Be ’

An_ interesbing. feature.. ;iiétmtsred by detailed .samp=
ling is the unifomly high grade of the "dark” limestone.
and the wniformly lewsr g;adé of the two “whitd limestone v
members carrying interbsdded chert. This releticn is con~
stant and geologic structure wms determined by lithslegy

(color of fermation), chemical composition, and by the ate-

titude of the beds shown by dips end striles. It goems




probable thet conditions which deveieped the small emount
of hyd.rocarbcns in ths eﬁclosed besin in which the “dark™
farmmmferal limestone was laid dewn wore unfavorablt. fer
the d.epositlo,z of abundent chert, while in -the ebsence of
’r:y&rccarbons the micro-organisms secreting silica end the
forsminifera secreting caleium sa:z-iisna"ce wors both setive.

The separation of the depesit into ome high grade {in
esleium carbonate) and two lower grade members is of econom-
io importance. As shown on the geeleglc. cress sections the
“3ark® limestone end the "white® lhnss*#ene can be guarried
ég@atg.?ély,. and any ma.xture desireble cen be sent to the
cement mills

If the "white" limsstone is used in large amcunts the-
chert must_bé sepafated from the limestone. This: can be
accomplished in peart by rejecting the larger chert beds im
quarﬁ:ying and n‘aarly complete slimipation of chert can be
" accomplished by flotation. Mixing of high grade "dark”

limestone with the lower grade ‘“white" limestone might make

it possible to me.nufac'cure cement “or many years without

recourse ta“‘ion, s,nd.o in any case, mbaoily aly t&e Hvdribe™

lﬁme'stone,“an& possibly enly a portion of the "white" lime-
stone,s wil:l bs treated by flotation.

As the importent geologic features are depicted on
the maps and orcss sections, these are described briefly

ir~ the follomng paragrephs with emphas:.a leid on the

feetures of practical imperbance in regard ito quar ryinu




znd mixing for cement. Further technical geologic des-

cripticn will be regerved for the final report.

DESCRIPTION OF PANORAMA CF SOUIHERN SLOPE

OF BALD PEAK T9 PERMANENTS CREEK (TAKEN JUNE 13, 1889 Jo

This panorama ghows Trenches Nos '11., 11T, IV, end V
and diamond drills st Holes Xo. § at rights 8 at senters
" and § at left. The wedge of Franciscan ssndstone and vole-
senics is shown in the esnter ground and widens greaﬁly to
the ight, tnm+ i3, tovards the easts cuuflnv out S§th the

upDer and 1059: lxmsvtcne DOdlBS east of the two old quare

2

risge Hence; the c@nziﬂuut-on o’ he 1inescone beyend the
proposed quarries lies to the northeaat of the present
Uéper Quarry. This relation is shomm on the Locatlan‘Map;
Tha,phctographA$a§ taken on the»high ridge south of
Permenents Cregls and hencs the limestone south of the

eresk is not shown on the photograph.

DESCRIPIION OF GEOLOGIC:!

The geelogic map of thé proposed querriess 4 and B of

the Dermanente Corporat*@ﬁnvhcws the areal sxtemt of the
geologic formations enumerated in ths inbroductory para~
graph. On it are piotted the mmerocus strikés and dips
registering the attitude of the beds that werse meesured
during this exeminstion. As smch of the srea is covered
with brush and-seii, trenching was pecessary to expose the.

Jimestone formetionze




The cutcrop areass of the "dark"” limestone with high

calcium carbonete sontent and 1cw iﬁ,chert are shown in
blue. There are two areas of this formation shown on the
mep. & miner strip parsllel te the mein féult zone (alse
deseribed as the ”bouﬁdary fault") whiech cuts and terminates
the Fermenente liﬁestone bn the ﬁcrﬁhwast; and the main gute
crops epproximetely one half the ares maepped, boundsd cm
the northwest by tﬁe "breccie fault®e

This body of high grade 1limestone mekes the deposit
camercially valueble, end without it the twe "white"

cheorty members would probebly not be of commercial valus.

'Eéﬁ"dérkﬁ lilestone surrounds the outcrep ares of

upper “white"

¢herby limestome, and this in turn emcleses

the upéér Fréﬁeiséan andesite. This pattern of slder beda:
suQraunding youngef‘members is é graéhic represantaticn of
the mein structure of the limestone body above the 1500
foos level; naﬁéi&, g syﬁc1iﬁe?or trough plunging towards
the eest (see croes seéﬁggns).f“. ”

The "upper andesite”

. oglofed in green at the right
center of the ares ﬁapﬁéds widens r&éidlf towards the essb
of the Quérrynaféékéné'geigg.fhé4ﬁ;in body of Francisosn
andesite and sandstone showm on the mep. This thickening

of the volcanic members shown at the bettom of the map cubs

out the limestone to the east of the ares mapped.

The lowsr cherby limestone, colored in pink, lies south
of the "dark" limestone and above the main included mass of

Franciscan andesite and sandstone. It is brought up again




northwest of the main body of "dark" limestone by the
"pbreceia fault®. The merrow band of "dark" limestone men-
tioned previoualy'bordexg the lower cherty limestene on

the northwest and is completely éut off by a greet "boun~
dary" favlt zcne, the hanging wéll of which is shewn oz the

mape

sTRUCTURAL CﬁOSS'SEGTIGH&.

The geologlic structure is shown on vertical crces
seotions which eare usually'canstructed fram formetional
boundaries end strike and dip observations plotted on the
geclogic meps., In sddition to thesé.dat& ws have used
thé foliéwing*inférﬁdtion:“

(1) Core samples cbieined from ten dismend drill holes
which show the charsctér of rock and attitude of beds in
each hole,

)

[

"~ (2) The logs ef nine diamond drill heles put down by
the«Senbe Clars Holding Compeny and chemicel analyses of
this~ma£eria1.

{(2) The loge of three churn drill heles bored by -
the Californis Fortland Cement Company end chemical anal-
yaes of sludge samples. ‘

’(é) Jaclk hemmer samples. These holes were from 12 to
20 feet deep arnd were épaced at 50 foct intervels. Thse
dry cuttings were collected, and character of each sample

shows type of limsestone. These semples were snalyzede

Irn plotting all the ebove date it was discovered that the

e




sedimentery sequence - nemely, (1) the lower “white" cherty
limestonss (2) the intermediste "dark” non-cherty lime-
stone; and (3) the upper "white" cherty limestone - wes
well estab;iéhéd. ~Col§ra chemical enslysis and oééurrence
all gave an identical seguence cf-formations; The meps and
¢ross gsctions showing éhemical compogition are idenﬁio&l
with the msps end cross sections on which geolegic forma-~
tions are plotted.

This resﬁlt wae both surprising snd sstisfactory as
it was feared; before the det&vled studies wers carr;ec

ons that the chert might be ﬂﬁatributed erratically .

»

throubhout tﬁa lxmﬁstﬁae negrence and that large bodise
of homeogenous high gréde materiél might not exist.

The definite formaticnmel boundaries between these
three typés of limsstone aiéc &ésisted in détenminigg the
structure of. the depesit; snds therefo?e, the esccompenying
geo}ogic cross seobions are far more saccurabs tham could
heve been made from geologic obser;atiens et ground sur~
fuce =2lone, ne matter how detailed such observetions might

boe

~Structural Crosg Section through Trench No. II.

This seqtién shows the geologic conditiens near the
eastern margin of the proposed quarries end alse the pési-
tion of the upper sndesite exposed where the trench imter~
eeéts the roed to the Permenente Clubhouse. Diamond Brill

Hole Ng. 7 was put down in the center of this velcanic




materiesl. The analyses of this "upper endesite! are tebulsted.

It appear$ that it cen be incorperated in the eiay of the
cement mix if the olay iz low in magnesis and silica.

The bulk of the matérial shown in this gecticn is high
grade "dark® limestone which averages & little over 200
feet in thicknesss A band: of Franciscen sandstons which
contains-a 1ittle andesite in Drill Hole Ne. 1 averages.
abott 40 feet thick in ths section, thinning towards the
northe The analyseés of this interbedded layer of sand-

stone is shown in Tabulation No. 3.

2% e used as & portion of the clay

congtituent of ¢

‘eswent mixy it will not Be necessary te
vaste it in quarrying.

‘Only 2 small thickness of the upper "white” limestons
is shown in this section. _'

" The lower “white® limestone has been penetrated to a

of 230" fost 3 223 feet in Drill Hole

No. 6 which did net resch to the wunderiying Frencisecan
sendstone. The position of the mein block of endesite and
sendetone wili bs indic&te@ more asccurstely after Drill
.Holeg.No. 8, ¢ and 10 reach this meteriel. It is hopeds
therefore, thet these ﬁoles wili be continued until the
underlying Frenciscen material is sncountered.

The upper andesite shown in Driil Hole No;'?-lies in
the feulted synmclive. This syncline ie the main structurel

feature of the limestons body end was mentioned in the

. o
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desoriptien of the geologic map. At the south end of the

2,
(2]

sectlon the limesstone is foldédy and the anticline i
dragged into the overturned pesition by the thrust fault

at the contaot with the Rain Frencizoen block,

Crese Section through Trench No, III.

This cross section’ shows the lower chsrty member 150
te 200 fest thiek, the interbedded Franciscen layer 15 o
50 feet thicks and the maximum thickness of the "dark®
non-cherty member varying’frdm.zze“ibet to nearly 300

fest in this cross section.

3 1é&bnlkﬂé£‘§he‘mgﬁarial south of Drill Hole No. 2
encountered in this pértion of the quarry will be the high
grade "deark"™ limestone. »

‘The main synéline shown in the cross section has
flattened into a gentle stiddturé, The overturn elong
the thrust fault is pronouiced. The main fault which cuts
off the lisiestone Eédy:i{es juat.ner%h of the section, and
the parallel "breccia fault® is shown on the north end of

the section.

Cross Section thFcugh Trénch No. IV,

In cross section No. 4 the msin boundary fault is
shown at the north snd the parsllel “breccie fault” zeme
300 féet to the saithé The high grede "dark" limestone
is from 160 to 200 féet in this section and is seperated
from the underlying *white" limestone by ths bed of Fren-

olscen sandstone (shown in all the cross sections) 15 te
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30 feet thick. The everage thickness of the lower lims-
stone as determined fram the log of Drill Hole No. & is
ebout 200 feet.

In this section the high grede limestone forms e
belt of nearly 200 feet in thlelmess, appreximetely
parallel to the ground surfece. extending fream the oliffs
just above the main Frenciscan coutact to & point 290
feet soﬁth of the property line,

~The mein synclinel structure has flattened out into
two gentle unduletions appxoxﬁmafely parellel with the
ground surfaoe.

This section is extended secress Pormanerte canyen ie
the base of the limestone south of Permanente Creek. The
structure of the limeétene msmpers is indicatéd bg plctting
the contacts betwaen_the lower "white! limestone, the “dark™
limestone; énd the upper "whité" limestene. The strueture
of the lewer body will be portrayed in detail in thé final

reports

Cross Seciion through Trench No. V.

This interesting cross section shews the "boundary
fault® at the north end of the sectienm and the "brescecla

fault®; slso shewn in the croas section through Tranch
, : g _

No. IV. It alse shows & local compression of the main

syncline and the tniversal overturning of streta at the

Franciscen ssndstone contact at the base of the proposed




quarry. The interstratified layer of Franciscan sandstone
showni-in all the cross sections feathers cut at the south
end of the sestion. The "dark™ high grade limestens im
this section of the quarry will not aversge over 30 feet
iz thickness and ﬁill'eomprise the néar~aurface material,
To quarry the large bedy of lewer "white" limestone
it will be pecessary sither te utilize er tc weste the
interbedded Francisecan sendstene layer.
The limestoms is emvirely out off about 100 fest south
of the property line by the "beundary feult”s a2nd frem this
peint for a distance of 190 feet southerly the "dark™ lime-

stone’consbitutes . thin surfece cap. Under this cep and

extending to the "brecois fault® 360 feet south of the
Ypoundary fault™, a thickness of about 200 feet of the
underlying “white® cherty limestene only is available

for quarrying.

Cross Section through Drill Holes W-i end DB 2, § and €.

Tﬁis ocrose section is approximetely at right angles
to the cross ssctions previogaly dsaeribed and may bs cone
siﬁered7a51§ng§pgdingl.qrqsa section roughly perallel teo
the ﬁortharly guerry facese

This oross secticn brings out the sontinuity ef the
included strstum of Franciscan sendstore which separates
the "dark® limestonme frem the underlying "white® cherty
limestone. It shows the oubting out of the "dark" lime-

stone at the west end of the section by the "breceis fault®.
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The Prectical Value of the Cross Secticns.

The north~south eross sections are used to determinse

tonnage snd average value of the qusrry above the 1800 foot

level. All the materisl sbove that level can be worked oub

by two quarries, one at about the 1500 foot level, and the

aecond at the 1700 foot levels

78

.Thesa cross sechions can serve 23 & ggi&e if it is
desired to mine exclusively the high grade "dark" lime-
stone for a mumber of years and fer the laying oﬁt of ths
gquarry to get any desired percentage mixture of the tdark®
and the "ﬁhite” limestones

Tha‘igﬁepbéddgg laye? of Frencigcan sendstone will
sither be ﬁﬁsted or used in the clay mix. This tonnage,
therefore, cen be added to the ayaiiable ciay supbly. In
any case, it.must be deducted from the limestone tonnage.
. Due tg reguest'fer prompt trénami&sion of this repert,
ﬁhese sections were not reéﬁced to the seme scale as the

geolegic map.
SAMPLING -

Three: sempling metheds were used in the exploration
of the ilimestone body at Permsnente; namely, dismond
drillings jack hemmer drilling end moiled hand chammels -
soross exposed ouboropse It wes first thought that the
hand charmel ssmpling would be importent. Howsvers two
mein obstecles were encountered in hend sempling: (1)

the scarcity of exposures that could be fairly samplsd




end (2) differential weathering of 1imest§pe vwhich caused
the chert to protrude on the rock surfaces. The latter
ceuged siliovs to be sdded to the semple uniess exrtrems care
was maintained.

The jackhemmer sampling was developed to supplement

the band chanmnel semples, Holes were drilled at fifty foet
intervels along each of the five trenches thet were out

down to bedrock. - The holes varied in depth according teo

the type of rock drilled. Twenty foot helss were drilled

where the rock was homogenous and did not cave badlys and
the everage hole was betymen twelve and sixteen feet deep.

| Each. hele was éivided into feur foéﬁ semple intervala,
end during drilling all cutbtings were blown from the hole
by means of a blowpipe:and drillings for each four feét son~
stituted a ssmples The cuttings were collected by means of
& powder bex fitbted with the necsssary holes and gaskets se
that the drillings would be blewn into the bex cembainere
411 drilling was dons without waber; and the outtings wéré
easily lifted by the blowpipe from thess comparatively

shallow depths.

The diamord drill sampling is primarily dependenmt upen

continuous sludge return. The broken and lemineted charap-
ter of the rock rarely gllows more than 25% core recoverye.
Continuous sludge réturn was obtained by cementing the hole
vhenever the water was lest during drilling, end further;

by cemerting at the send of sach shift. All of the cuttings

<t

during the drilling of eseh five foot run were sollected

-
e
e



exnd washed in g large tub, dried, guartered and preserved
as & éampieo

A1l of the core thet was recovered was placed in
individual ;:ore boxes and after examination was split inbo
twe equal parts. One pert wes crthed, pulverized and

\

snalyzed, while the other wes permanently filed in a core
box.

Where appreciable core was redevered the core and
sludge anelyses were cumbined aceording to the perceuat of
cors recovereds

TONNAGE ESTIMATES

Hethod oi‘b daléulafica,

The t(;az:age of the limestone was caleulsted 285 folw
16175:

Planiueter messurements wore made of each formation.
Esch orees gectional ares was malbiplied by cne belf the
distence between sdjacent trenches for sectien 5 and 40*_
The tonnage represented by Trench II wes determived by
multiplying the erees by = width of 3886 feet. The ton-
nage represembed by Trench V wag determined by multiply-
ing the planimeter ares by 236 feet, end the trisngular
shaped additionel area to the west was determined by mul=-
tiplying one half the planimeter arse of Tremch V by 3060

feete
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Tomuage cf Formatioms.

1700 - 1800 Quarry;

Upper light limestone = 577,000 tons
Dark limestons = By433,000 tons
Lower light limestons = 6,655%990 tons
Total limestone = 15,675,000 tons

Uppsr Andesit = 1315000 tons
Francis_':,an sandstone & andesite = 878;000 *-;ems-

1800 = 1700 Quarry:

Upper light limestors = 7645600 tons
‘Dork limestone = §5887,000 tons
Lowor 1ight 1limestone = 6,765,000 tons
= 14,416,600 tons

Total limestene

Prenciscan sandstone & andesite = 1,573,000 tens

Total Both fuarriss:

Upper light limestone . = 15341800 tons

-Dark-dims sk

me. _ = 1553205000 btons

Lewer light limsstons = 18,430,000 tons
. * Total limestone = 30,091,800 tons
TUpper andesite = 131,000 tons

Franciceoan sandstone & andesite 29444,000 tons

CALCULATION OF CHEMICAL ANALYSES
The average grade of the limestone wns derived by weight-
ing tze anelyses according to the thickmess of the beds

psnetrated by diamond drill holss amd irtersected by jack




- 18 =

hammyer semples,
| The analyses of éiamnnd drill heles were sveraged for
25 faot imtervals except where marked variations were noted.
These results were plotted on the ¢ross sections.
The following compositicn wes derived for all 1ime-

stone above the 1500 foot level:

Upper light limestone =  72.04% CaCGg

Dark limestons = 86.21% 0aCOg

Lower iight limestome = 89.07% CaC0y

CLAY DEPOSITS
As stated in various comminications sddressed to bthis
Corporations various btypes of clay are aveilable, and the
T ¥

available tomaage of two types is prectically unlimiteds

ese available clay deposits sre as followss

(1) The residusry clay mentle thet overlies the bedw
rock eappifg most of the propérty of the Psrmemente Cor-
poration. Eive'areas, namelys Areas As By, C, D and E,

have Eééﬁ”ﬁéred,jéampledp end tonnags Satimetss mede. A

portion of this lerge ionnage Is of specisl value for

initial opsrstions on docount 6f more fevorable chemicel
composition as shown on the tebulated analyses and bscauss
certain of the stripped areas will not be conspicuocusely
visible when viewed frah the velleys
4 part of Ared B is superficially sltered Sanmba Ciara
formation, the bedrock of which is clay cemented wmgh con-

glowerate. If samples of this arsa ere satisfactéry, it is

probable that deep cuts can be made in the Santa Clars




formation end large edditional tornage c¢an- be provided in

the immediste vieinity of the plante

An wnlimited tonmegs of clay of constant value éan be
obtained by dredging cheap marshland of the San Francisse
Bay or by mining in pits & similar elay which is covered by
a shallow overburden and gxtends approximately up to the
Bayshore Highwmy.

The data aveilable in regard to these d@ppgits ig
limited to a preliminary feport mede to the Permanente Cor-
poration by Mr. J. P, Péland. He stetess

fﬂrea'la' The marghlands and sloughs on the seuthwest

side of Sen Framcisso Bay will farnizh an inexhausts

supply of‘blug clay. Bight samples of this slay have been
cclleﬁte@ and turned in to your Pgrmanenfe laborstory far
gnaiysi#.A“This area ‘has the advantages of cheep land and
no overburden. It is éighﬁ*&i}eé.érum your property,; howe
VST,

Yares 2e The ansh?re Highway area will supply clay
of eséentially the ssme quality es that obtainable from the

the mershlands.  J.seland values will be higher than

[¥3

n

Area 1, but ﬁbe sourse of supply will be six to seven miles

from ygnf plent.’ iést ?éring of any property is racomnended
befors purchase. A paﬁar or hand auger outfit wiil Parnish
the cleanest samples.

”Deveiopment operations in this ares would probably

regquire the romova) of 6 Lo 10 Pest of sapsrficial seil.

This region is not plented to fruit tress end should be




lower priced than the land in Area 3, particulariy esszt of
the Bayshore Highway, The Sunnyvele Air Base ocvcuples much
of the éea#:.;ys.l part of this ares, but there is an exten-
sive region =vailable east of the Air Base properiy.”

A copy of the logs of wells situeted within Area 2
between the Bayshore Highway and the bay appears in Tabue-
lation 4 By emd the anslyses o¢f the samples of the slough
ma‘céri&l taken by Mr. Poland appears in Tabulation 4 4.

A study of the tomage estimetes and chemical anslyses
indicates that thers are 1&1--:‘%‘5 and sufficien‘c deposits of
various types of clay available, énd the engineers in
cb&ré& oi‘mthé plent cen select the type of deposit. most
satisfactory under the particular conditions that sxist at

’

Permanonte,
CLAY TONNAGES

‘The clay tonnsge was. determined by multiplying the
average depth of the clay samples times the horizontsl sres

in sguare feet,

Gross Tonnage % Conres Wasbte  Net Tonnege.

Arsa A = 1,050,000 28.3 553,580 47 BEO-
Area B = 1,765,000 39.5 15061000

Area € = 7875400 8.6 457,400

Ares D = 134,700 43.3 285575

TOTAL = 3,687,100
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Page 5
ABBAY L@%
JACKHANMER SAMPLES .

KO. HOLE

LOCATION

DESCRIPTION

 WEIGHT : WELGET

OF ASSAY OF CORB oF
CORE C&GOB 3102 R203 NgGGS_SLUDGE_ CaCO3 8102 RR203 He(0$ CaCOS 3102 R203 MeCO3
41p 787 177 1.8
418 88,8 12.1 1.0

41¢ 4.9 2.7 0,8
424 8040 B, 2.4
428 8840 7.2 1.7
42¢ 8005 18.2 1,3
434, 95,7, 6.5 0.6
43 83.2 1&.8 0.8
45(; 91.39 5v7 0,6
43D T2.7 28,0 0.6
43E 8848 10,8 .8
444 Seil Wot Cut :
445 78,3 24,7 0.l 0o7
44C 79 5.9 18 o 3 '
484 85,8, 15,4 Q.7
o3 0

0

0

458 68 0B 28 PR

VIR 88,8 11.8
.~ 464 65,8 35,0

462 6l.8 37.6 0.8
460 £4.0 .1 1.0
46D 83.0 18.8 2.0
48E 81,1 T G.8
474 4.8 B4 1.3
47}3 94 .8 3.8 lox,
a7ec £3.9 14,7 0.9
47D 82.4 1644 1.3
ATE 9] .8 6.9 1.1
484 27,6 61,9 4.8

Ca® Kg6
\ 483 0 01 856% 18,5 %O"Iég
H 48¢ tr. 89.0 905 ot
) 48 G
3D 0%2

M
| 79.9 18,6 159
488 Cal . B0
96»5 85.9 1401 008




WEIGHT

- oF

ABS8AY OF CORE

ABBAY LGS
JACKRAMMER SAMPLES
BO, HOLE ,
LOGATIOR Page 6
JEBCRIPTION :

WEBLGHT

OF ASSAY OF BLUDGE

~ GALCUIATED ABSAY
5102 R203 MeCOS CaCOS SI0E RE0S MeeOB

CoCDS  $102  R203  1gCOS SLUDGE (aC08
e g 88.8 8,7 0.8
Gal HgO

Be8  8B.8 10.% 0.6

o) : Hg0

Be®  T3.EB 2.8 1.4
¢ad }g0
0.8 88.2 9.4 07
Tr. B35 14,8 13

?7 95 20 '8 20-5 oévf

CaD : )
1.1 B2.8 14,7 0.9
s / ‘ ¥g0

008 86,9 9.6 0.8

Cal ' ‘Mg
3.0 80,6 15.6 0.9
0a0 - Mg

48,8 4.5 Boé o
58,8 88,1 2.1
Cad Hz0

S8 TB.4 18,3 1.1

98.5 4.2 0.8
§1.0 Ted 1.3
78.8 17.2 1 50
80.% 18.2 1.3
B2a4 Seb 2.2
92,8 3a7 1.0
80,0 €.8 ——

85.8 7.8 1.0
BEsH Zod ) 0.8
87,5 &.0 1.8
B4.8 44 1.0

86,7 < 10.5 0.8
91.0 68 8.3
96'7 105 008
909 T o4 o2 0.7
84,8 2.7 1.6
86,8 1.2 1.4
95,2 1.4 1.2
25.4 27 06 0.9
95,6 2.8 1.0




ABBAY OF LOG
JACKRAMMER SAMPLES
¢ ’ Page 7 4
i _ HO. HOIE : :
3 : LOCATION
DESCRIPTION -
WEIGHT . WEIGHT
or ASSAY OF CORE oF ASSAY OF SLUDGE . CALCULA TED ASSAY
_CORE  (acB3  SI0R  RBOB  MroD3 SLUDGE CaCO3 5102 R208  HeCO3 Ca0S S108 R208  MpCOS
57 90,8 5.2 0,7
678 81,9 6.4 0.8
678 82.C  Tel 0.8
584 93,8 5.2 1.1

EBB B8.9 11,7 1.1
- 8BC 98,2 4.3 0.7
; 584 4.8 18,8 Bol
620 ligd
5¢8 8565 8.2 6.0 1.7
59¢ P2.6 Sod .6
89D 75.0 21,8 13
88E 84,5 14,7 0.8
€80 g0
66A "53.6 88,8 Te7 1.8
80B 68a.2 23,0 1.4
60¢ T8l  ERo8= 1.2
N 614 24.86 &8, 8.3
‘ . 61B 5leS  48.2 2,8
. ‘ 61¢ B83.0 18.3 0.8
81R. 86.8 S.8 1.8

62A B7.0 40.2 2.1

334 88.8 14,7 1.2

63«@» 5 ¢ 3 2341 2 o@ N
Cal Hg0

5‘35 3,252 &903 11 c-? 309
836 S4.5 E7.8 4.7
63D Bl.9 5.7
63E 48,2  49.3 1.7
Cal ¥eg0

£3~844 14,0 52,8 28,3 6.7
63-64B 47,7 43.2 B
63=-84C 49,2 41.4 5.7

Cald ¥g0
63"849 1505 62 o’l 781 l e 1
63-G4E -« 54,0 56,8 5.9



ASSAY OF LOG
JACKBAMMER SAMPLES Pags 8
EO. HOLE :
LOCATION
DESCRIPTION
WEIGHT WEIGHT
or ASSAY OF CORE 0F ASSAY OF SLUDGE CALCULATED ASSAY
ER CORE CaCOS 8102 R203  MpcOB SLUDGE (aC03 5102 R203 HgCO3 $acO8 5102 R203  MeCOS
B T e N .
64h 1.8 94,3  Bed  emm
Ced . ¥ed
84B 0,7 7TT.5 18.1 8.5
Ca0 Mgl ' :
B4C 3.2 80,2 29,7 6.5 (Andesite) '
64D  Ca0 g0
2.9 66,8 22,0 6,5 @ *
cal , ¥g0
6BA C‘%"’a 53,8 25,8 :ﬁ%ﬁ v
' Cal . g0
8B 7.2  Bl.2 25.4 12,2 "
Ca0 Xg0
6BC 10,8 48,0 24,8 11,6 v
Cad - Ked
65D 17.0 46.8 25,1 9.6 "
Cal ¥z0
6684 87,9 104 0.8
68B 75,8 23,6 1.2
8BC 727048 28,3 1.} -
5 BED 68,1 29,6 1.6
T B6E Bl.E  4B.5 2.2
Cal . ) _
674 25,8 86,4 13.8 1,0
BTB 82,4  14.6 1,5 0.7 ‘ : i
CBTC 88,1 28,7 1.4
BBA 96,6 = 5844 3.8
888 45.5 51,2 . 2.4
880 B6.7 40,8 2.2
68A Soil Mot Cut
698 84,5 13,3 1.2 1.6
69C 8648 12,0 1.0
89D 90,0 8.8 1.0
69E 91,5 6.8 0,8
704 9405 8.1 0.8
; 70B 96,1 2.2 0,8
i TOC 98,6 1.2 0.5
%Amé



. ~ ABSAY OF LOG
‘ JACEBAMMER SAMPLES
¥0. HOLES
LioGaAT1O0K PAGE 9
BESCRIPTION i
WEIGHT : WELGHY
b ¥ ASSAY OF CORE arF ASSAY OF BLULGE CALGULATED AGBAY
‘R GORE  Cal03 8102 "3335 B8 SLUBGE CaCGﬁ' £102 RECS HgCOF (eC03 $102 R205 HgCOS
Tia 8806 §.0 0,7
TlB 94:. 6 1 08 - 2 09
71¢ $4,5 1,3 e~ 1.2
73-.9 91 QB 566 3 01
7iE 8%,7 8.0 0.7
7R4 $1,0 S6oé 2.0
2B 80,9 [: 7% § 10
72¢ 76,0 21,0 1.8
72D T8l 20,2 Lol
784 83,0 1%.8 lod
788 8¢,1 14,6 1.2
'?3(1 8648 13,1 1e2
437 98,3 2.8 0.8
1BE 8648 11,2 2.4 :
T44 68,0 28,0 2.4 BaT
T4B 3.0 22,9 1,8
Tee T1.0 26.2 1.8
74’.{; ggag 1Qn 2 . 1 @ 2
' 768 87.6  10.7 1.1
TEA 78,5 1%.7 1.7
758 78,0 23,1 1.0
T8¢ 67,5 32,7 1,}
75}) 6}. & 9 &asﬁ 3- .0'6 G L 6
TEA 72.8 284 1 eo
7838 78,8 18,8 1.8
?6c ?3:8 35‘05 i 05
TFA Béd4 180 8.8 0.8
TIB F7.8 - 393 1.1
7?(; ?4 0;5 l ﬁsp@ 3 ® 3, .
Cal ¥g0
H.4 0,9

D 38,8 BL.B




ABSAY OF 106G
JACKHAMEER SAKPLES

B0, BELES _
LOCATION PAGE 310
DESCRIPTIOR
WEI®T .
ASSAY OF CORE oF ASEAY OF SLUDGE CALCULATEDR ASBAY

CaC03 5108 R208 HgCO3 SLUDGE CeCO8 8102 R20S KglO3 (aCO3  §102 R208  MgcO3

369  BReR  B.8
84,0 14,5 1.3
78.6 1848 1,2
Tlel 2744 lud 1.0
68,7 2844 1.3

94-9 09 5 04& 1102 1- a‘é
7603 21,4 1.4 1.2
786  B0.6 L 1.0
48,2 38,2 9,0 2.6
98,1 440 Q4 1.0
86+1 18,1 1.1 0.9
8845 9.6 0.5 0,9

»

Cap - g0
16,7 48,1 28,9 8.7
4?@3 Esbu 9»5 202
84,5 12,6 1.5 1.2
81.0 1848 1led 1.8
Cayed - No Bample

97.7 1,6 0.6 0.9

7801 20 ‘.9,% ’ O«g
95.0 34:4 0@3
88,7 8eB 008
8846 8.8 1,3
6.1 1BeB LB

8843 3.6 0.5,
94,8 2,6 0,7
91,0 846, 1.2,
9445 249 0.5
90,1 8s4 0.8




Cac0s

5102

ASSAY OF CORE

ABSAY OF LG
- JACKBANDRR BAMPLES
BC HOLES
LOGATION .
DESCRIPTION

WBIGHT
oF ASSAY OF SLUDGE CALUULATIED ABSAY

95.6
83 o4
. 952
gﬁ\iﬁ
§8.1
63,2
8541
9456
9840
87.5
Bl
98,0
8742
9044

§445
881
0348
8142
§740
9849

8749
§640
3448
68,8
- 6ed
‘848
2445
645

Q&sﬁ-

9640 -

R203

1.3
048
0 "’18:
0.8
144
148
14
948
14
848
548
84T
1.0
89
0s8

657
8:7
G.8
048
04
0st
048
065
D7
0P
Tef

243
1.0

2:8

}ECO3 SLUBGE CocOB S102 REDS_MeCO3 GagOB 102 R2OD _ligCoS

1:3
1.0

1a8
’136




ASEAY OF LOG
JACKHAMMER SAMPLES
' NO. BOLES
LOCATION PAGE 12
DESGRIPTIOH
WEIGHT ‘ WBIGHT
el OF ASSAY OF CORE oF - AGSAY OF BLULGE CALGULATER ASBAY

R CORE  Cac08 5102 RROS KpcOS SLUDGE Cac0S 5102 2203 MsG0D GaGO 5102 RDS %ﬁ?gs

944, 64,5 33,1 1.8
948 62,C 56,2 1,8
94¢C 62.9 35.6 1.2
284 83,8 1&.4 1.0 1.0
268 7962 8.4 1,1 1.0
956¢C 68.8 32,4 1,68 1.0

96p 62,5 35,9 oF 1.0
95k 64,5 83,7  1.E
564 Ti.2 28,2 0.9
868 81,1  17.5 0.8
g6c 88,8 11,8 0.8 1.2
97A 25.? ln8 Oe 5
878 68.7  38.4 1.2 .0
87¢ 47,0 0.4 1.3 1.0
884 42.5 Bd.4 2.1
; B8B 68.5 28,5 2.2
. 8BC 67,6 28,9 1.5 0.8
. p8p 8T 18,5 1.1
N 98E 87.7 10,7 1.0 1.0
; 894 35,1 - 2.8 D6 '
- 1)) 98,2 1.8 0.5
3 95D 96,5 5.8 Oof 10
3 898 54.4 5,5 0.5
. 100a 84,7 2.9 05  =l.0
© . 100B 84,7 2.7 0.8  =1.0
. 100C 95,8 3.0 Q.8 1.0
. 100D 86,3 2.0 0.3  =1,0 o
© 100E 95,2 .5 0.8 -1.0 : ) b




ASSAY OF LG
: JACKHAMAFR SAKPLES
B s HO, HOLE .
LOCATIOH PACE 13
DRSCRIPTION

ASSAY OF CORE OF AS8AY OF SLUDGE GALCULATED ABSAY
Cac03  S102 R3 _ 14xc08 SLUDGE Ca008 8108 R208 KgCOB CaCOS $102 R2O3 MgCOS

25,8 2.8 0,8

%»nl ‘l‘ns log

88,7 1.9 0.4

5686 2.0 0.4

965 2,9 0,6

92.1 . 4.3 0.8

875 1.6 Q.8

96,8 2,0 0.6

938 Bu& 0.6

92«»5 %ﬂf’ 1.2 =1.0
%t 5,0 0.7

88.0 11,2 1.2

62,8 3443 1.8 1.0
8440 1BeF 0.7

65,8 50.6 1.6

T4o0 22.8 1.}

&‘3,2 29 ql }-og

679 28,7 1.9

Cag Hgl
1648 58,9 19.7 3.1
Caf _ MeG

1068 648 Sle4 29.8 Tob -
Cal Mgl
1066 16,0 5068  2Be5 T
Cal MgQ
105D 11,0 5542 23,4 8.0
Caf g0

108E Bo7 6046 22.6 5.4




5 _ B
ASSRY OF LK
JACKHAMME SAMPLES
LOCATION
DESCRIPTION
WBLGHT . — |
_ ASSAY' OF CORE " @F . ASSAY OF SLUPGE . CALCULATED ASSAY

CaC03 5102 R20S  MgC0O3 SLUDGE CaCO3 §102 R208  MptO8  CaCO® 8102 R208 MzCO¥

B 106A 864 12,7 LB
10685 B84.0  13.0. 1B
1060 66,8 20.9 Teb

1060 ceQ HgO
16,1 44,3 362 4.4
cad Hg0

1088 6.0 B0.Z 35,0 - 5.7
1074 68,4 5346 1.8 1,0
1075 B7.Y £0.4 1.3 =1,0
107¢ 63,3 8.8 1.3
loss 87.3 48,9 1.2
1088 68,8 88,8 1.8 1.0
168C 67.8 29.8 l1od =10
1084 78,5 15,8 3e7
109R 81.0 16,5 30
1090 F7.1 LT 0,9
. 1080 98.2 - 4.7 0.9 =140
XGQE 680& 29 08 105
11es FE.2  24.6 1.2 =1,0
1106 8405 - 18,6 B8 .
1114 TL.6 245 o4
111p 66.9 &L.0 G.9
11ig T2H 2E46 140 7
1124 8B.9 - T8 1.2
llec Bl.B 18,5 15 _
112[) 730.,5 5009 }‘ vﬁ 1 [ 1
. 11233 699? 23-:‘3 19-0 :

1184 96.1 8o2 0.8
1138 3.8 5.8 (L

113¢ T78.7 2l.4 1.0 0.5




‘ ; ABBAY LGG

JACREAVMER SAMPLES

¥ o 10 HO4E
LOCATICR PAGE 15
DESCRIPTION .
I weigm? WEIGET
SLE  OF AﬁYMNM‘ o ASSAY OF SLUDER CALCULATED ASSAY

WogR CORE  Cel0 8302 ROS  Mep0s SLURGE CacOd 5102 EIDS MgOOS 0ac0$ 9102 RAGD MgeOd
14h 925 5.0 1a®
1 -{f B Mpo & eg eg

ll‘ib 9? ,,8 g sé
}rléﬂ 2 3@2 3 94
1168 88,3 8.7
116¢ 8%.8 £.9
118D 870 Bo6
1158 $2:0 "Fe8

&

o o0

I

5 3OO O D
£ 3
D ~G D b D

9

]

0.7

1184 82,5 15,8 0.8

} ,lﬁB; . 92@2 9 Q(} .Isﬁ

118e 58.7 1.2 O

LLTA 98,8 1.5 1.6

172 6.8 36D S

117¢  §B4 .3 O

11BA 91,3 Bk 0.7

11BE BR.5 18,1 08
| nec gea4 HD OF
.@ 1180 95,9 2,1 047
_- 116E = 89.6 17,6 0.8
119A 96,0 2ol Ged

1igp  97.2 Y1 0.B

13,80 80,0  T.E 0.5

1208 84.3 12,5 - 0.8

1208 92,5 4,01 8,7

120c 90,9 Ge3  Bab

1718 96.5 led 0sé

C12IC 96.4 1D 048

121D §7.2 1.2 0:8

121 97.8 17 057




ASBAY LOG
JACEHAMMER SAMFLES
: KO. HOLE FAGE 16
LOCATIOF
DEELRIPTION
: WEIGHT :
ABSAY OF CORE oF ABSAY OF SLUDGE CALCULA TED ASSAY

CacO$__8102 R20S  MgCO3 SLUDGE CacOS 5102 R20S MgCOB CeCOB 8102 K20S kzeOS

89,7 70 0,8
B84 9B 0.6
0542 ) 0.9

Cal’ Hg0
604 23 o 9 7ol 0.9
84,8 8, 1.6 .

83,6 248 0,1
87.1 11,6, 1.0
7104 4.6 1.0
TTe6 22,53 0,8
B5.5  4B.8. 1.6
47.1 40,7 1.2
88.5 29,2 1.9
84,3  B3.9 0.8
54,4  42.8

0.9

85,5 18,0 0.8
88,5 15,2 0.8
8644  12.0 -0.8.
85.9 32,0 1,0
64.2 33,4 1.8
87.7 58,2 1.8
53,1 398.0 3.8
41,7 86,7 1.4
56,8 43,2 1.6
55,7 48,7 1.2
82,5  14.8 1.4
88,7 102 1.0
92,3 6.9 o8
$% oh 6.5 0.9
97,0 8,9 0.8 4
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ASSAY 1OG
JACKHAMHER SAMPLES

HO, HOLE

LOCATION .
DESCRIPTION — TAGE 177

WEIGHT : WEISRT : ‘

OF ABSAY OF CORR QF . ASBAY OF SLUBGE. Mm,cmmm ABBAY
CORE  ©caC03 8102 R20S  MgCD® SLUDGE (aCOS $102 R203 45005 CaCO8 5102 R203 MgCOS
1204  90.4 5.6 1.5

1298 - 81,8 Bol 8.7

126 89,8 11,0 0.8

1290  B&.5 4,2 0.4

189 91.8 7.4 0.7

1304 . 92.2 8.8 848

1308 74.0  21.8 1.4

lSQQ 7’50@ 23- ws 3-01

1308 83.3  1B.5 0.8

130F  87.6  11l.5 0.8

1318 785 206  mew

rilled 18' » No puttings reburned after 5 fest.




‘ - ASSAY LOG

: JACKHAMMER SAKPLES
Py ¥O. HOLE PAGE 18
i LOCATION
DESCRIPTION Trench 5
WRIGHT
WEISHT
oF ABSAY OF CORE of ASSAY OF SLUDGE CALCULATEL ASSAY
CORR  0aCO3 SIOR R205 MgCOZ SLUDGE CaCOB 5102 R208 Mg003 Ca60S S102. R20§ Mg003
: . _ ) el . . _
1524 5.8 B4l 2840 6.7
1328 Cad M%G
' 3.8 58,5 0.7 8.
132C Ced : ¥g0
7.8 52,0 S5l 8.3
1334 Ced o ¥
3l 4801 1744 3.1
Ce Hgd
1538 16e2 48.2 15,8 2
135¢ ég?z 58,7 7047 §§§
Ced ¥g0
1544 1352 4447 27,8 47
1848 10,0  4B.2 33.8 6.3
Gl ¥l

| 1840 12,8 47.5 2.2 4.8
‘ & CeQ A Bgd
184D 9.8 48,2 82,5 5.8

. cad 0
1848 4.3 §1.8 B2e4 6.6
1354  87.0 2.8 0.4
1368 97.0 1.8 0.6
1366  94.5  4.& 0.6
135D 88,7 10,8 0.8
188B  87.7 10,7 O:7
1364 81,7 16,4 1.2
1568 91,5 8.8 0.8
1368 91,5 7.5 08 .
186D  91.7 6.7 0.7
1B6E 94,8 5.0 0.8
1874 72,9 2642 1.2
137B 48,8 49,0 1.0
137C 89,0 9,8 0.8
187D 92,2 4.8 0.8
1376 94,8 3.8 . 0.8

G




i

WEL T

OF

. CORE

a@

ASBAY LG
JACKHAMUER SAMPLES

0. HOLE
LOCATLON
PESCRIPTION

WEIGHT
QF - ASSAY OF SLULGE CALCULATED ASEAY

1364
1588
1586
1584
1368
1886
1404
1408
140¢
140p
140K
1414
141B
1416
148
LELE
1484
1488
1420
1434
148E
1450
148D
1488
144h
1448
144C
14bA
1458

1400

v »

Lo e, 1 )
L4100 w5 § do 1D K3

R 0 s

£ -3 R
W O P b (DD

Pt O b O QU OO
e

WD OO
10 $:%-0 e o
) =3I

LINE-

g

o

14 M‘C? GO '?3}»’.‘ <
P A, " ELE
NP wbabvwls

o
[

Lot

Dott

MgoOp SUUDGE (aCOS S102 REDS MpCO$  CaCOS 5302  RRO3 MgCOS

(2]

e S A T




4
y
)
2
I
I8

ASSAY OF CORE

_Cagos

8102

RZ03

ABSAY LOG

JACKEAMMIR SAMPLES

- WEIGHE
.QF': . .

§0, HOLE

LOCATION
DESCRIPTION

ASSAY OF SLUBGE -
MgC03 SLUDGE Cac03 5102 RSO3 KzCO3

PAGE 20

CALCUIA TED ASSAY

CaC08 §102

£ 984
98,0
751
8865
9ok
82,1
95.8
98.e7
5.2
95,5
88,4
Qé 'B
84,2
962
86.0

Rk

8.3
98,7
86,7
9504
95,0
94,2
96,0
£8.8.
95,2
97,1
974
96,7
96,3

6B
Y4
28,3
4,8
8,7
14,2
3.1
1,7
8.9
2.7
2od
B.1
245
lﬁ,ﬁ
2.8
2.8

31§9
2.2
-
1.8
2;5‘
2.8
£.2
1.8
Tl
SmB.
B8
0.4
003
0,8

6.‘5 -

6 o‘._s
Ca8"

0o
0.8
Ol

0.8
0.6
05?
0.8
0.8
1.2
G5
Ool
a3

fgge

0.5
Loé
Qa8

1 a_ﬁl

0s7
1.1
0,4
0.8
0ol

R203 MpCO3




ABSAY LOG
AMMER BAMPLE S

NO. HOLE

LGCATION . PAGE 21
DEBCRIPTION

P OWEIGHT WEIGHT
’ op ASEAY OF CORE - ap ASSAY UF SLUDGE CALCULATED ASSAY
(‘UKE C&GBS 5102 RE0SF  MgC0S  SLUDGE C&_CG& 31@2 . RROE Eﬁcﬂﬁ Catds 53_92 R2OS MeCOB

1844 9% 1 2 8 0.8
1548 902 T8 08
o sag 95,0 2.8 08
P1B4D 96.4 2.2 9.2
= 1848 88,8 1042 a@
1884 65,8 54,2 1.3
1558 69,8 28.9 la4
155¢ 22,98 8.2 o4
186D  89.0 '
1568 98,1
li“)ﬁA 87
1’588 T84
168c 83,9
156D 82,2
168 80,4
1674 7Y%
1578 788
187¢ T6e5
157D YEIN
1878 T40
1888 oI}
1588 "
1680 4543
16580 8l.g
1888 T
1@% 87.2

4R
&
PR
© & o
(]
oo ;m

1598 7.5 18,8 0.2

Cy




ASSAY LOG
JACRUAMMER SAMPLES
 HO. BOIE -
LOCATIOR PaGE 22
DESCRIFEION
WEIGHT WEIGHT i
OF ASSAY OF CORE OF ABSAY OF SLUDGE CALOULATED ASSAY ;

CORE_ CacOS 5102 RSO3 MgcOS SLUDGE Cs008 8102 R203 MgCOS  CaCOB 5102 RROS MgCOS

1608 8l.8 17.4 0.7
160B  88.3  1%.8 0.4
160¢ 86,5 12,0 0.3
180D 82,8 18.4 0.2

1618 Cad Mg0
2.6 8B.8 8.7 Qs7
Ced ' ¥g0

1618 Bo5 88,.E B, 0 1.0
161cC 3Bs7 58,5 1.8
181D 3lel  68eT 0.8
1624 1ol 92,8 8ol 0.8
16ZB OB 90,8 7ol Q.8

168C
162D 81,5 17,8 0.8 8.3
1628 88,0 7.0 008
020 2 ¥e0
1854 28,8 6E.D 6.8 07
a0 g0

1638 87.5 36,7 2.9 0.7

188¢ TBeZ 22.8 0.5

1644 88,1 13,8 1.1

1B4B 88,7 13,1 0.3

1840 The8 24.2 Q.8

164D Tde8 2148 2.0

1848 57,7 40.2 18 s

1864 68,0 42,7 1.8

1858 84,53 63.4 1,1

165C 5344 44,5 1.2

1664 58.1  48.8 1.8

16638 57,5 88,7 1,8 (e

1674 8183 36,8 1.4 :

16?5 51 .7 36.9 QwS "V

167C T0.4 28,0 0.8 ¥

187D 763 24,0 06 . 4
| 187E T6s5 20,8 104 &

R A



WELGHY

ASBAY QF CORE

" }O. HOIE
LG AT PAGE 23
DBERIPTION

fg*{ﬁlﬁ}i’i‘

GALGULATED ASSAY

9740

1.8

B CaGOS  §102 RROS  MgeOS B cacaa smz aaes MgCOS €aCOS ‘5102 ‘REOS Mz00S
1684  8B.2 3247 12
16BB 45,0 b5B.5 L6 2.7
188¢C 42.8 BHoE 1468
168a G4.4 8604 1.6
1688 5767 4le6 Led
185C  6B.8  Sl.7 340
170a 676 29,9 1.8
1708 BDGB 17,8 1.9
170C 778 20.8 L3
170D 81,8  18.89 140
1708 85,1 15 ) 1.9
1704 B2.5 16,8 1,8
LTIB 85,0 65 0.8 2,8
171IC 9601 1.8 Dl
1726 94.8 2,0 L)
1728 97.5 1.2 O
1%2¢c 86,6 1.8 Q¥
1784 §6.7 3&3 : Qo4 (95
1738 96,2 2,8 8.8
193¢ 95,0 4,8 08
175D 96.8 5.1 0,4
1788 95,0 2.3 N
1746 94.8 £.8 0.8
1748 9540  Bo7 0.8
174C  §7.6 2.8 0.7
17BA 80,86 5.8 1.8
1768 88.4 1.2 Qa&
175¢C 0.5




. ASBAY LuG
, JACKEAYMER SAMPLES -
r ¢ HO, LOLB
' ‘ Locaron  Tege 2k
-BESERIPIION

i WEIGHT :
ASSAY OF CORE OF ASSAY OF SLUDGE CALCULATED ASSAY
CaCDB 8102 R205 HzCOS SLUDGE 0aCOS S102 REOP MeCOS 0GOS B10R REOS MeCOB -

B3.4 14,56 0.8

80,6 194 0.8

Bp.2  B.5  0uB

85,5 188 0B

88,7 105 ®uF

84ed  14.5 0.9

85.0 &R 0t

08,8 2.8 Oeé

98,2 8.8 Qe7 1.9
B2 .8 5,5 1.0

80,0 12.2 0.8

62,2 14,7 1.4

7940 18,8 1.8 o7
TB:8  2l.8 1.9

EB,7 4325 1.2

60e1 B30 368

T0.8 3261 e

56 93 : 2’859 10 -‘é’ l 99
88,2 = 158 0.9 -

81,8 18,8 1.0

The8 22,2 1e8

52,8 482 0,7

80,6 18.9 C.7

82,2 153 0.6

77«2 20,8 0.8

B85 2.8 0e7

G646 2.4 07T




ASBAY LOG
JACKHAMMER SAEPLES
HU. HOLE
LOGATION  Pege 25

DsSCRIPTIOR
WEIGHT WEIGHT
- HIE OoF ASSAY OF CORE . OF ASBAY OF SLUDGE CALCULATED ASSAY

CaCOS  B102 R203  MgC0S SLUB@E (eCO5  S102 R205 MzCO3 CaCOB 5102 R205 HpCO3

1884 T6.8 2147 1
lesB T1.8 287.1 0
183¢ 54,8 43,6 1
1844 70.3 28,0 O,
1848 86.0 11,8 1
184C 8548 3,0 0

.%L




DIAMOND DRILL SAMPLES .

[ﬁ»a-w-a’ e




ABEARY LOGB
' ; RO, HOLE Diamend Drill Hole #1
! - W | 4 LOCATION
i DESCRIPTION

3 Vigip! 28 RE .
; olght ASSAY OF CORE fiedight ASEAY OF SLUDGE CALTULATED ASSAY
lample of _ . af 2

i%mﬁgr Core CeCOg . 8182 Rply wgcog Sludge CaCOs S10p REOS ¥gCOS CaCOg 5102 R205 Mgl

98,1 4,2 C.7 94,3 4.2 0,7

88.T 8.0 0.4

0 0.4 95,7 3.0 0.é
89,5 8,6 1.0

U St S it Nea? Nl N Vs

7267 2668 Zof A T4eT 'l?ﬁﬁ 0.8 8Y2l 16,8 1.7
BS.7 8.8 1.0 B 78,8  18;7 0.8 89,7 8.3 1.0
88,0 1072 1.0 ST N e BE.0 10.2 1,0
7.6 1.4 0.4 ~1,0 cofrected assay S7¢0  lod Qo
828 1.8 £1.0 $3i6 4e8 1.5 0oB 2.8 4.6 loB

=10 86.2 12.0 0.9 C.4 850 -12.0 0.2

22.3 6.8 le0 0.8 88.8 9.2 1.0

-1,0 9102 509 100 9303 7a° IQQ

«0af - 790 22,7 1.2 77<6 23.8 1.0

F1,0. 8043 18,8 1.4 TRl 17.8 1l.é

#140 TT.8 16.8 104 T8 16T 1B

=10 80.8 160 1.8 CTBeB 18,0 1.9

=10 E@sﬁ 16»8 loﬁ . Wis }.7«0 106

«1,0 . 26.8 1.7 F1.0 26.7 147

28,0 2.0 88,8 28.56 2.0

0.5 17.2 2.0 T84 1S.E 2,1
Qb CBB.E Bed T0.1 24.8 Z2.48

» .v? ,1.2._0?? 1.07 8902 160“‘} 107

Yo' §ludge Retuwrn F4.8 283.0 3,8

belew this point B33 41e8 2.1

’ - 61:8 34,0 2.9

38:8 6248 1,8

32,8 62.8 4.0

TBeB 146 106

58«8 4148 84l

Y %56’9 &5.3 50'9

- 7,1_ -\-4-‘"'- s 45@9 3507 120‘9 70

e bl - ) 85,1 28.8 2.1

87.0 105 1.8 BT.0 105 1,8




b

}J : AS8AY LGE =
‘ _ BC. BOLE  Dismond Brill Hole #2
i m - ' LOCATTCH

DESERIPTION

Haipht ASGAY OF CORB Yieight ASSAY OF SLUDGE CALCULATED ASSAY
vle of of
ber Core CaCOz S10g Rgbg 4ghOg Sludge CaCdy S102 R20g ¥gCoz CaBO3 5103 R208 %gC0g

8,5 542 Qub | 878  10.8 1.3 90,8
94,8 807  0of 88.0 12,3 2.0 908
81e8 844 0.8 93,8 3eb 1.0 98¢0
97,8 2.8 0.8 Ho Siuvdge 8745 .
86,8 2.4 Gg& Yo * . 9548
%9 8 325 9-9_ 5 . 93@} 8 21}5 4,8 1.1 ) 95.4
97,0 14 0.8 =13 9648  lob 1o 9643
§S§? lggg 1.0 B7.8 Fe8 - 87@1
92sT  Ged Qo7 91.0 Be§  1e0 21.3
888 4.7  Gs8 88,1 10.1 0.8 8948
T 96,8 3&5 Gt 62,8 Te2 1lo8 Q.60
'9?05 15% @98 9§Q& -ZQQ 393 95@5
'3;:0,? 5_{99 @@ 7 ﬁgn & 3ﬁ 8 104 9532
6,8 1.8 0.7 92,9 542 1.7 2848

7 3.8 0.8 Ko Sludgs . 8447

2.4 0ob Re - ° . 98508
?,.,ﬁ ng Ko # . 952
2.3 0.6 98,5 2.6 8.0 1ol 94,1
1.9 0.3
391‘-9 » 8268 5.1 805 32.2
Osb 03 6.9 Fa2 lo4 98,3
5&@ @n? %95 zg 9 1 * 1 Qo T 9504
248 1.7 B7.6 10,4 2,8 0.8 87.8

148 0.4 862  11o6 2.7 86,8

o~

‘168 - Qo2 - - 86.4 119 8.6 0,8 8848
7.7 0s7 0.8 . 98,8 5,8 2.4 93,9
96,7 148~ 948 52,3 7.@ 199 R4
Blaf 17684 18 2508 o7 8.9 1.2 94,8
Cnf 3.4 e 6.5 2.} 8104
o3 B6.8 8.5 1.4 88,8




=  ABBAY LOGC

FO. HOLE  Dismond Drill Hole 2
LOCATICGH
DESCRIPTION

Welght

ofe ABBAY GF CORE Fpight ASSAY OF SLUDGE CALCULATER. ASSAY

Core of
CatOg Sﬁﬁg RoOp MghOy Bludgo CaG0p B10p Rgls kxgCOy Caldy 510p R208 gCOp

76,8 2145 Le0 ' 818  16.2 1.4 8148

?6'6 2’1.& 16,& 9192 505 Qoa la'& 90'6

32,&_ w D ¢ ® ? gl ,05 5 »G @.‘l g.l ° 1

97»1 105 394 87.8 9.6 1l.4& 881

9405 595 0.5 8,899 TeB 1.6 89.5

" 300 68.5 2.8 B2.8 12.2 2,8 80,6

Tiel 25q4 gcQ ﬁ?ag. ) ?QB 13$ . ﬁ"fgﬁ

9708 259 68,0 gﬁ@f@ Py 5603

% 1.8 83,8 27.8 0,9 88,7

2.0 800 14.7 1,1 78,0

1.9 _ Ko  Sludge - 26,9

28 ' 7292 1,5 18:% 1.8 Ti.8

2,8 o 80.9 12,7 éot 782

2.8 %o S1udpe 32,0

08" - 8T8

1.6 T5eB

0‘93 . ] o ! B4l

1.3 : : T8:8

1.8 678

lod %9%0 41 2,8 : 8.7

1.8 T84 188 459 T8:9

1.8 8T8 184 ¢ 84,6

85,6 1.5 : 80,0 o

(.‘1391 - 8’?;6 2% 'ﬁfw' ) g .1

e 28t 78 > i1 B
3’%»2 7}.@3 204 83 ¢ 7 55 'Y 7 1 . 9 Ny 1 sapi
58,0 438 5,8 58,8 B8e2 157 08 5S4
BB 44.8 _105 6?#3 E745 Bo& 25@ £85+6

B¢ Cors . 6Bl 2B4E 1.8 21 88.1
. 55 05 5719 509 a*&d 5505




| ASS5AY LOG

‘ : , . N0, HOLE Dismond Drill Hole #3
LOCATION
W
i DESCRIPTICN

Weight . A3SAY OF CORE Felght ABSAY OF BLUDGE CALCULATED ASSAY
of :

fample 2

wber Cors CaCOy 816 R0y 14gCOz Sludge CaCOg 510, RpDg MgCOg CaClg 8,0 Rgly  MglOy .

88,8 §o2 945 . 5%.9

98,8 048 0.8 87:7 18.8 2.5 0.4 £8,8
68,0 l.2 Q&2 B6.8 18.1 1.8 . 878
- 88.5 8,8 05 54,3 BeT Oe8 8442
Eo Caofe 98,4 E.2 0.8 3973
" # : $5.8 3:3 8.8 i 95.5
$l.1 8.0 0.8 ' 9048 4,8  BoT 80,9
B2.8 2,0 9.8 87.8 8.8 2.2 8850
87.3 1.4 0s2 : . 85,8 5.8 8.2 88,2
82.0 8.2 0.4 88.0 8.5 2.8 38,0
23,1 %.8 .8 3,2 88,0 7.5 4.8 8.2 BBe9
89,2 18,4 1.7 14.9 808 12,5 8.8 760
55.8 28,5 8.9 Ho  Sludge " 55.8
26,4 BB.1 966 1.2 o » 2844
28,3 53,2 9.8 i N 28,3
80.T 188 1.4 880 11l.6 69 8204
27.8 1.8 0.8 86,0 22.8 16,0 2.4 T1e6
94,5 5.1 0.8 Fo  Bludge 94,8
56,8 2+8 0.4 Tie® 1840 1064 13 7661
T5.6 22,8 0.8 80ed Bedé¢ 1a8  1o7 BT»4
87,6 1.8 008 83,8 13,8 1le& o045 8703
8252 178 Qa7 T2e8 24,0 3.0  le8 Thol
85,0 4o& Oud 8908 TeZ 2.5 1.8 9843
8457' 1&‘.5 005 ' 8§ci 18.6 log,u . 1.9 8008 I
B4,2 8.1 0B Fo Sludge 0442
81.8 83.7 2.1 # : ® §1e5
910»3 70_5 1-1 R s 91:5
74,0 28,8 1.0 . 678 . 30.8 18 0e5 £Ba8
76@2 22,8 1_0@ TOeB 27T qu "05_.5 ?Qwﬁ
k’@ em 8808 807 2.1 88.8
40,1 58,4 1,0 7.4 22.9 1.2 =10 e ]




ASB8AY LOB
B0, HOLE  Diamownd Drill Hols ¢8
L0CAT IO

DESCRIPTION
ASSAY CF COHB e |
m . ASSAY OF BLUTGH CALOULATED ABSAY

CalOg 510, azos MO0 Sl\;ﬁg@ Catly 830, R 6 :
& | 3 192 Rg0y Mgll3 CacOy 5,0, Rg0g Y200

The6 28:8 0 78,8 za.s a,,  #1s0 TS
o Cerp He o Bludge o
8690 }.eﬂﬁ ﬁﬁﬁ ?‘a‘g q’ﬁl%ﬁ 29'8 Ieﬁ "?05
E7,8 59&3 - L €8,%2 34 ;a? 2.9 1.8 Q?’, B
86,8 430 9,6 82,0 5}93 5.5 2.0 81
B2.4 45,8 LB 2T 68,1 2.8 g 28.0
55:;5; ‘%E@E }"$ “6 8 m"% 2@@ 1@2 *3.;:.
F8.,7 25.68 .8 Ho Siuﬁg@ o TE ,f?

e

T R
v




o ' =4
ASBAY LOG :
H9, HOLE Diemond Drill Hole #4

LOCATION
, DEECRIPTION
Veight _ vl ght '
olo of ﬁ?t ABSAY OF SLUDGE CALC ULATED ASSAY

or Core Cally 838y RpOp MgCOp Bludge lGaGQg 8409 RoOy MgCOy CaCOg 840p Ry04 MglOy

96,8 2,1 0.7 965 1.8 1.1 0iB  96:8

94.8 8,8 0C.4 : 88,2 B.® 3.2 T 88.8
87,86 9.8 0.6 94,0 3:9 Qa9 94.1
D68 155 @53 9562 1.6 iog 35@4
96,8 1.8 0.6 . 930 1.8 18 8847
98.2 2,0 0.8 83,9 2.7 148 8049
98,8 B0 8.7 91s8 BB B2 1.7 BE.E
920? 598 @08 . @332 450 402 v 92«9
96;!& 1¢9 Q& gﬁas 109 161 9666
§6s6 2.5 0.8 86,5 1o 2.0 964
Q7,8 1,1 0.4 ‘ G752 - 1.4 28 97.28
9748 1.8 005 87.8 1.8 0.8 87,8
86.8 1.2 0.8 87,8 1el Qa7 $7.2
o8 gé 1.4 90% Ho Slﬁdg@ 588
E&eﬁ 1.5 lws' 8503 12.8 2.6 . 85»3
B6. B 2.8 Q¢4 95,8 3.8 Q.7 98.8
88,2 1e8 0t 84,8 3.8 1.0 84,8
7.3 1.8 8.4 ¥o  Bludge 86,2
BG.4 208 Ced 84.8 3,7 Qo2 88.8
887 £.8 0.8 98,2 2,3 1.2 85.2
58,8 2.6 1,0 84,8 5,0 1.0 84,8
PGB 204 GaT 98,8 2.2 1.5 95,4
96,8 1.8 DB 26,56 28 17T #8.6
88.3 1.8 Dok 86e3 2,0 1.8 2€48
97.8 1el 0.8 ' L9 4 2.3 1.7 94,6
87.8 1e8 Ba3 88:5 5H.68 2.0 8.0 90,0
96,8 3.6 0.4 0.8 5.7 2.4 20,7
9LeE 7.2 Qa8 87,8 Ted 3.1 1.8 88,0
84,4 14,4 G.8 88:8 Tol 2.8 BB 88.2
804 17.8 1.0 Bo Bludge 80,4

‘9&305 gs(} GUﬁ g’@t@ ?ol ' Etl lns 9800




AS854Y LOG
¥O. HOLE Diemond Drill Hole #4

LOCATIOR

DESCRIPTION
Welghd :
& ASSAY OF SLUDGE CALCTLATED ASSAY

4

89,8 6.9 1,8 899

0.8 1% 2,1
0.6 " 83,2 10,6 3.4 2,0 8R.2
0.3 " 85,5 18,8 B.2 2.0 86,8
0. 7 84,2 10,4 8.5 2,9 87.6
. " 85.9 1l.8 0.8 88,3
0.8 " 86,7 10,28 0.6 87,8
0.2 " 86,9 9.7 0.7 89,7 i
72,8 24,8 2.4 72,8 _ s
78,8 18,4 0B 78¢5 ;|
0.2 -% 83,2 14,6 1.1 858
' 84,5 18,7 1l.6 8408

N

W
s
i
B

AT AT




‘I') ASSAY LOGE
: ' RO, HOLE Diemond vrill dHole Hoe §
T ’ LOCAY TON
: DESCR [ PTION

. Weight Yiei~ht :

“Juple  of . of ASSAY oF SLUDGE  CALCULATED ASSAY
fﬁmﬁf Core  (alOp 510z Hp03 KgCOs Sludge CaCOy  ¥i0p R0y MgCO3 CaCOy S10, R205 MzCO3
4 '

&

% 98,2 5,9 0.2 1.1 05,3
7 02 83,5 4,0 0.5 1.4 93.5

9D05 5.3 502 “1.0 90.5

0.2 92,3 5,7 0.8 «1.0 82,8

9163 8.6 5.2 ~1.0 21,8

81,8 7ol 145 =1,0 91.8

a4 T 90,8 B.4 1.3 90,5

- 89,2 8.8 1.0 £2.2

0.8 98,5 4,2 1.9 93,6

8.1 917 5,9 1e5 21,2
53,5 2.5 0,3 83,5 .

0.2 © BleB 9.6 T8 1.5 82,1

0sd 82,8 14,6 2.5 82,

0.8 85,7 12,0 2,0 88,0

Dok 92,7 5.1 1.8 92,4

0.5 88,5 T.5 2.4 8346

1.1 85,5 11,9 1.9 85,0

lo2 68e6 3lod 1.6 6746

5 o.s T4e2 28,1 2.8 759

3 0.8 ‘7903 187 1.7 20.1

8 0‘7 7607 17118 208 7?03

§ :’Q-a: 8595 1106 294 8:—:3?

1 0.8 TOe?Z2 2544 1.5 T1.8

8 1.0 Téel 21,5 Ced ?50“3

A 2.8 Hone 500N 4

: 12,7 1.1 72,3 22,7 1.4 0.7 730

1184-139 58,2  Bi,8 1.3 7403 19,4 1o8  1eB - 73,9
135-144 7E.T 234 1.0 83.7 285 lol 8.8 73.7
144-180 25 .3 &7.7 1.4 Hong . 2.3
51509155 ‘E.‘bof} 30.1 la-:! 64.3 3067 Ge3 (ST 1

£

R



= flanple
" jhmber

ARBAY OF CORE

C&fgs 3102

RE08

H0. HOLE

£
wF

)
O

Diamoné Drill Fele ¥

SCRIPTION

ALBAY OF CLUDGE

Cal03

G102 REGCS

R ol
mguﬁﬂ

l'("

o

CALC LATED ASLAY

K208 Mgl

L 1556167
- 6T-161

161164
% 164-168
. 89-174
1784179

¥ 4119188
- = 482188
- 188-193

& 495198

9~224
i+ 229

154-235
“v-i139-244
" jass249
[145-254

1264=259

. kBS=262
162287
L 67272
AR72-279

B;vrv e

4R TO=288
83=-294
{194=206
£38-502

sgnese.

He Core
i 1]
ki B
ki ]
3.3 2,3
TR &g 0
T3 G.8
6,3 21.9
9.9 Gal
¥ &

»
2 Core
" 73
R
131
407 5063
gd.d D240
5‘5 * :’.3 Q{} ) ?
4354 H5Ged
L COore
®

1o
o7

2840

fat

52,8
6069

78453
7503
5547
93,3
8143
e
G440
3.4

77,2

?0.00
66,1
TTe3

6TeT -

719

'65‘7

71,0
8267
60,3
6244
62,2
U?.4
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X0, ROLB
- LUGATION

BRSCRIPTIOR

WEIGHT WEIGHT _
MWELE  OF ABSAY OF ¢ORE 4] ASBAY OF SLULGE CALCULATED ABSAY
TMEER CORE . Cat0B5  BI0R  R203  MpCOS SLULGE CaCOS 8102 R208.  MpCO8 CaGOS S102 R20S MGl

T1.8 26,8 0.8 B8s3 " BB.0 4%0 8.4 58,5

88,8 12.7 0.8 -BT7.2 0.1 lsd 61,1

7@0& 31 00 098 5?53 &@og 3-98 &Du&

6503 a“&e& 005 %‘ié &00'@ d"ac 54.6

82,8 56,5 0.7 B3.8 4.0 "Bg? 54,0%

ﬁlo@ . S?cl 996 Coaw » E@M - 6108

82,8 29,1 G4 Fhef 180 1240 T4 o4

He Core FH.8 . 18,1 .3}2.8 738

5-3(%5 ls 05 Gcﬁ . ‘@&ﬁo ‘ 3304 Siﬁ ?l 95*

85,1 352.4 [ 48,3 47,0 2,8 1.7 48,0

BS,2 88,8 0,8 47,7 4B.4 4.4 46,6

65.86 Bl.7 0,6 68,5 25,9 S.4 68,8

Em %70{5 5855 8.@ &7 06
87.8 11.3 0,8 T80 15,83 R.T 1.8 81.8%

62,7 85.3 0.7 GB.8 Sl.82 8.8 8,0 62,3

5l.83 46,0 1.0 B3.6 40,83 5.8 2.0 B354

87.6 11.4 1.0 473 44.2 5.0 2.2  48.6

Yone 84,3 5B942 4.2 34,8

n 38,5 80.8 4.4 2,1 82,5

63,6 2%.5 067 7.6 88,0 1.8 1.2 85.7%

6.6 83,0 Uo7 57,6 38.1 1.8, 1.1 B7.1

1/4 87,8 40.4 1.2 85,2 B59.8 5.3 1.9 ©55.4
Hone 58,8 8Be8 4.2 1.8 BB.6



ABSAY LG

¥O. BELB
LUCATION
DESCRIPTIO

 WEIGHT _ wElGEZ —_— ‘

. SAXFLET oF AZSAY OF SORR ©OQF ASSAY OF SLUDGR CALCULATED ABBAY
EGBER CORK  oeCOS  S)O0B PGS  MECOS SLUDGE CagO3 5102 REOB nCOS GCOB  S102 RIDS . ks0O3
§1 Qw,é %»9 S'o"e' 05-3 . -

- 6=10 281 440 Gob

0elB 8.3 148 1.8

11526 | : FEs2 6.8 046

£ 2@‘36 @gi@ 6.8 906

2638 ‘ 89,3 7.7 1.8

538087 89.4 T4 3.8

B7+42 9.5 6ot 2.8

14847 BRed T30. B0

EET NN L N

e A SR

o T

i
.
!
|




ASSAY 145
K0, HOLE .

WEIGHT
MWELE @ ABSAY OF COHE
R CONE  CacOl BA02 RROD HEEOM

v&?

58.8 308 B.1: 2.6
BE.D BY.0 B85 2.0 *
37 91 81,8 10:&. 2,9
58, 5.5 13:8 11.6
28,8 BR:S 18ed 10,8

6al0. ew.,a

g 4869 o % - .
?lﬁs'_fg . BB 29,8 11,97
Pes %3.8. . U &

.-q“ H

A

| 158-143




ASSAY WG
, ¥O. HOLE
HE ‘ ‘LOGATION
' DESCRIPTION
WRIGHT _ WRIGHT .
EFIE  OF  ASSAY OF OORR OF . ASSAY OF SLUDME . CARCULATED ASSAY

\ER CORE  CacO3 5102 REQS  Mge03 SLUDGE CaGOS S1O2 R208  MgCO3 CaGOS 5102 K208 Mg

88.7 33,8 18
6.2 8.6 142
6468 B2.8 1.0
§5.8 22,8 1.0
TisB BEH S48 =
53 ia' 39 ' 9 . 5 qs
BY o B $8.,8 B¢
21,8 58,9 - l.4

. Ph.S  TOLB BT
56,6 B0 2.8
25,8 T3.1 &0
38,8 Bl.B 4.3
47,6 48,2 08
52,8 444 16 ®
82 Y B i2.48 3.9

65,8 S$8.,0 . 1.8

83,0 12.8 5.2

4,0 20,0 5. :

78.0 178 400 * 1.4
Be Eludge

42,3 B7.2 2,8 1.2
22,0  TL.8 8.9
57,2 56,6 469 1.0
25,6 68.8 4.7 1.0
82,7 11,4 8.2
4.8 50,8 2.8
58,58 37.4 3B 13
45,9 58.5 8.5
62,2 34,9 2.6
51,8 B58.2 246 1.2
9.8 85,0 2.9




ABSAY LOG
' | 0. HOLE Diemond Drill Hole fiGA

4 L. CATICH

DBESCRIFTION
WBight ASBAY OQF CORB
@ - Height ASSAY OF SLUDGE CALCULATED ASSAY
Lore CaC08 8102 K203 uglo8 g @1go CaC0B S108 RRGE MgloB3 Cal0E 3102 R203  Kglo

43«.53 ‘@8'1 5‘5'.8
‘395 4:&33 599
87,2 28,4 3.0
6745 27,5 8.5
’ ?;3,9 5;9 gog -
68,2 500 4,%
85,3 E0:,0 BB
BLoB  30al B0




~r

AS2AY OF CURE

_ ABSAY L0
§O. HOLB
LOCATIOR
DESCR 1PTION
HEIGHT
OF ASSAY OF SLUDGE

CALCULATE. ASSAY

caC0S S102  R208  MpCO3 SLUDGE  CeCOB 8102 R20B _ MgfOS 0a008.S108 R205 HgCO:
¥¢ Core 37,59 60,2 1.8
866 8la7 08 264  T2.8 1.l
¥o Core 2044 T7.8 1.2
57.7 58,3 0.9 22,8 783 1.8
15,8 - 83,8 1,0 : .
2493 72.3 lgg E&i§~ 6803._1:2
4048 67,9 0.9 49,7 47.8 1.2
55‘% ‘QgJa ‘100 %ﬁ,? %3¢? 1:? X
5$¢£ &lea ’ Qba
Bh.2 &8 2 Lok 70,8 BTed 1.8
%0{) 5008 005 ' ﬁ’l’nﬁ 8628 3»?3 $
66,0 32.0 0.6 E“;’?":‘ﬁ*ﬁg .
89,7 40,1 0.7 i 1’?2? 1ed
to Ggpe 88,9 18,8 1.0
* £1,6 16.1 1.1
® 75.7 21,9 1.1
b BE.B  Ged 2.6
# " Feo Sludge
e 718 24,2 4.6 % 1.8
22,4 95.8 0.8 JE6 Sludgs
o Cope. 47,8 Ble8 1.1
cR 34.6 64.% 1.0
M 58,4 69,8 Lol
& S7¢8 ©0.6 1.2
" 4.0 BS.E 1.0 %
# gl.5 6.8 1.1
s 58,4 35.8 1.8
58,5 18,8  0eb 68,7 28+ 1.8
98,4 4.4 Do 78,5 24.7 1.0
€1.0 Bob Oqt 5.8 89,9 1.3
96,7 3,86 . Ool 66.4 807 1ol ¥



. ASSAY LOG
e NG, Hole  Dismond Driil
LOGAPION
DESORIPT10H e
ASSAY OF SLUBGE  CALGULATED ASSAY
. velgmt Taight «
ple  of of

¥z0O3 CaCO3 510p R203 Mgéog

Core  0ally 8102 RQQE E&g(;‘oﬂs udge Gal03 -8102 RgOz
Q6% B0 0.l 865 2.8 Gab
9502 Jely 05
GTe2 o7 02 95.h  3e6 Dk
Ko Core e - 2.0 8.
. 91:8 Lia e
o 92.9 bl 1,9
e 928 he5 1.2
e ornen OG0 Teb ﬁog
9607 1a8 0.2 . %’5 -596 e
To Core 2.8 102 2.3
e 821 5.0 1.2
B i Ko Slﬁﬁg@ ’
st omcn 647 BB 0ed
B e et ¥y %98 éw& D8
VATO O v Wﬁg 9203 702 0.8
e S0y 8.3 0.8
' Ghe2 Be2 05 BTs0 Qe 3.8
He Core 81.0 1.8 3.5
8347 1462 Dol o Sludge
25,1 3.8 0.6 862 9.8 3ok
Bo Core 9006 597 592—&
To Core 88.6 Tokhy 2eb
%o‘g 3.36 @alg.
Ke Core




‘II’ A AS5AY LOG

B0, BULE  Dismond Drill Zole No.8
& LOCATION
DESCRIPTION.
Wolght SSEAY OF CORE  Fefight ASSAY OF SLUDGE CALESLATED ASSAY

of of
Cors Cu80F 5102 R205 HgCOS Sludge CAGDS 510Z K208 KzCOB CaCOS S10E R208 Hg03

Bo Bludge

83,8 ¥4,1 1.0
6.9 28,1 0.8
o Sledgp

Hp Siudge

9707 1 [ B 0 95
91,56 6,2 S,1
‘3? uﬂ 2 9'_3 . l .:g
¥o Sludge '
94,0 2.7 2%
96,83 Ee6 1,0
50,8 7.7 1.8
28,6 4.8 0,8
95,0 848 0.8
88,8 95 1.8
88,8 148 10
8,9 13,8 1.2
82@? 11 o@' 88

96;6 1 .8 qua




, ‘II’ ' ASSAY LOG

H0. HOLE Diamond Drill Hole %oe §
1 S
LOCATION
_ DESCRIPTION
' Vieight ASSAY CF CORE Holght ASSAY OF SLUDGE ~ALCULATED ASSAY
i Semple of = - of o

|pumber Cope  (aCO3 5108 R208 ¥z€O% Sludge CaC03 S102 REQZ - MgCO3 CaCO8 S102  R20S MgOl

D=5 87.0 1.2 0.4 59,7 28,1 8,5
. 16-10 95,8 2.9 0.2 80.7 110 8.2
© 1 10=15) 28,2 1,4 0.8 96,0 2.0 2.0
_ i 18-18) 97.5 1.7 0o6
119-23 27.0 led 0.1 978 1.6 1.1
25=28 96s4 1.7 0,3 86.5 8,8 4.8
28.32 98,2 1.3 GoB : 08,2 2.0 3.0
3257 G745 106 140
8742 08,5 2.2 2.8
4247 Wie Eludge
47-53 : B7.0 10,1 2.2
5%=58 66,5 25.2 1.2
.. | BB=83 §2.5 8,8 2,9
- k 63’65 M ) 9505 3.3 1.5
Bo] e Té 84,3 2.0 3.0
L] T4=T8 88,7 2,1 0.7
L1 78-84 97,2 o0 0.7
';_ - 84989 : 92.8 4.5 0.5
A 1T A 9Z.4 2.8 1.0
. | 92=1200
. 1100103
‘1 1032108
108-113 :
| 118=116 85,0 13,2 1.8
| 119=-123 .
' 125-128 85,8 12,8 1,4
| 128-181
161138 36,0 85,5 2.6
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ASSAY LOG :
B. 5. SA4PLES (MOILED HAND SAUPLES)

N _ 50, HOLE
; . ' LOCATION
; : DESCRIPTION

¥
5

: WEIGHT WEIGHT
S¥PILE  OF ASSAY OF CORE oF ASSAY OF SLUDGE CALCULATED ASSAY _
SMBER COFE  CaCO3 5102  R20%  3gCO3 SLUDGE CaC03  S102 R203  1pCO3 CalB3  S$102 R203 403
¢ KBS 1 70.8 27 .2 1,1 White Limestone
f 2 41.4 55.4 20 -, n

3 70,4 7.6 0,9 " "

4 78,2 18,6 1.9 " n

: 5 90.8 76 0.9 Blue "

! 6 96.3 2.5 1.4 u "

7 93,2 6 .3 1.7 n n

g 83,5 2.7 0.2 " "

9 92,7 3.2 042 " "

10 90.6 7ol 2,0 " "

. 11 92,7 Sed low " "

; 12 87.5 10.%2 . 1.3 " n

R ) 92,8 5,5 0,2 " n
: 14 92,6 3.8 0.2 n
i 15 90,3 4.5 0,3 "
g 16 72.4 26,2 0.2 n

. 17 63,5 35,0 0.8 White "

c 8 71,7 28,2 0.6 " "

19 59,7 38,9 o8 " "

20 85,2 30,5 1.4 " "

21 68.3 28.3 1.3 n "

22 76,6 22,6 0,8 " "

23 87.7 12.2 0.9 " n

2z 89,5 9.2 1.1 Blue n

25 97.C 1,8 —— " "

26 97,0 2,1 0.6 " "

27 75.5  21.4 1.4 # "

28 T7.4 19,9 1,5 White n

‘.
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TABULATIONS OF ANALYSES OF THE SURFACE CLAYS TO DATE
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BH

Semple Mol

162 042"
168 O=4°

Bagis

Ignited
o

Al ©

188
18.5

Fe O

46

Cel

Qa7
0.8

HCocarse
Undet, Yaste

3.8 43
404 45.




ANATLYSIS OF CLAY SAMPLES

ARPA XO. B
Sample No. 510, £1503 Fop0z Cal MgO Undeter-  Percentags of
@wined Coarse Material
{Rejected)
BH 1734 54.3 17.4 14.2 3.4 7.9 2.8 | 46
1758 53.38 17.2 14.8 2.9 7.3 4.0 41
174 57.4 17.9 10.6 3.1 7.7 3.3 38
175 62.3  18.3  10.68 1.3 4. 5.4 42
176 58.1 16.5 13.4 2.2 6.5 3.3 26
177 57.3 15.8 9.9 3.0  10.7 3.3 44
1784 67.3 17.2 8.8 0.9 246 5.2 57
1788 62.6 20.4 8.2 0.9 3.1 4.8 53
1794 70.4 17.1. 4.8 1.2 2.2 4,3 34
1798 72.9 14.9 4.7 1.1 1.3 5.1 36
179¢C 70,6  15.4 6ed 0.8 2.0 4.8 37
180 74.6 14.8 3.9 0.7 2.3 3.9 24
181 70.5 16.9 4.7 0.7 2.4 4.8 39
182 6¢.8 19.2 4.8 0.8 2.3 4,1 32
1834 68.7 17.6 5.0 1.8 3.2 3.7 39
183B 69.3 20.8 1.8 1.3 -~ 4.0 3.0 26




‘ : ANALYSTS OF CLAY SAMPLES

AREA NO. B

Sample No. 810, Al203 Fey03 Ca0 Mg0 Undeter- Percentage of

mined Coarse Materisl

(Rejected)

g BE 225 7x % 68.7 18.9 2.6 1.1 2.3 6.4 41
3? 226 69.7  18.4 3.5 1.0 1.8 5.6 35
? 227 86.5 19.6 5.0 1.6 2.4 4.9 40
E} 228 64.2 21.1 4.7 laa 2.8 5.8 29
v 229 69.7 16.1 5.0 2.6 2.0 5.6 46
230 68.8 18.9 3.6 1.4 2.1 4.2 40

231 72.7 16.8 3.9 0.2 2.1 4.3 38

232 717 16.2 5.2 1.1 2.0 3.8 19

- 233 59.0 18.7  13.7 0.7 6.1 3.8 41

238 s 53.5 2146 13.7 1.2 5.6 3.7 ' 50

235 47.7 18.5  14.1 7.8 8.6 3.3 a7

236 53,9 19.2  13.3 3.2 7.6 . 2.7 42

; ‘ - 237 56.4 17.4  15.5 2.1 6.2 2.4 .43
. 238 54.4  19.6  12.4 2.6 7.6 3.4 30
B 239 58.0 19.0 111 2.1 5.8 4.0 | 40
X 240 54.2 17.2  12.5 5.3 8.1 2.5 32
L 241 58.2 19.4  11.7 2.2 6.0 - 2.5 A 21
242 58.9 18.2 11.2 2.8 5.1 3.8 . 34

243 58.4 18.0  12.0 1.9 6.1 3.6 32

244 57.1 15.6 9.8 | 4,3 6.6 6.4 32

245 58,2 17.8  13.4 2.3 6.4 1.9 c21

- 246 52.4 20.7  12.6 2.5 1.7 4.1 41

..‘w




‘ ANALYSIS OF CLAY SAMPLES
- AREA NO. B _

2

-l

» Sexple Noe 5102 A1;0z  Feg0z  Ce0  1Mg0  Undeter- Percentage of
mined Coarse Materiel
(Rejected) '
BH 247 53.2 19.1 12,5 3.6 7.3 4.3 36
248- 58.5 1.0 1.8 1.7 5.2 4.7 36
249 57.4 20.6 12.9 1.7 74 28
250 87.1 19.5 4.9 0.9 * 7.6 35
251 71.5 15.7 4.7 1.3 * 6.8 37
252 No cley = 2all rock
253 69.6 7.1 6.1 0.4 2.5 4.3 31
252 69.8 15.7 5.6 1.1 * 7.8 3
255 73.2 13.2 4.6 1.0 * 8.0
256
257 68,2  19.5 2,1 0.8 2.0 5.4 30
258 70.3  17.4 3.6 1.4 2.5 5.0 58
259 Yo clay =~ all rock - |
260 63.2 17.8 10,0 2.1 3.6 3.3 45
261 5644 19.0 12,0 2.4 . 6.9 B3 a
262 62.2 16.5 9.1 2.5 7.4 2.3 36
265 60.5 17.2 9.2 4.7 4.2 3.5 27
264 47.6 13.2 10,5 12.8  14.7 1.2 26
265 52.7 20.4 8.2 3.9 7.7 1.0 40
266 51.8 19.0 14.7 4.6 7.5 2.4 42
267 70.2 17.9 4.2 0.8 2.0 4,9 a6
- 268 68.2 18.1 7.9 0.2 2.7 2.9 43
269 (24 60.1 18.9  13.1 2.7 4.5 0.7 35
(*) Range 2 - 6%




ANALYSIS OF CLAY SAMPLES
AREA NO. B
4

-0

Sample No. 810, AlyCq Fo 07 Cal MgO Undeter- Percentage of
mined Coarse Material -
(Rejected)
BE 27¢ 54.8  17.7 15.2 4.5 7.6 0.2 48
271 51.8 19.3 4.1 3.2 8.9 2.0 38
272 68.5 18.0 5.4 1.3 2.7 3.1 31
273 501 188 12.7 4.2 6.3 3.8 43
274 49.6 18.1 15.2 4.2 9.4 2.8- 60
275 52.4 18.9 16.7 4.0 1.0 6.1 35
276 6947 17.6 3.4 1.7 2.1 5.5 31
277 69.7 17.9 4.6 .0.8 2.2 4.8 35
278 7043 15.4 4.1 1.4 2.2 6.6 45
279 738 T2.4 1643 5.3 0.9 1.2 3.2 24
280 51.1 1745 12.7 4.3 10.0 4.4 53
281 53.0 17.1 15.5 4.8 8.2 1.8 57
282 5642 18.1 12.6 4.6 7.2 0.3 25
283 45.7 15.2 14.7 8.8 15,7 - 36
284
- 285 6143 17.2 10.9 3.0 5.5 2.3 35
286 72.3 14,1 3.8 1.3 1.6 6.9 29
287
288 71.9 1643 3.5 1.4 1.8 5.1 40
288B 714 | 17.6 3.6 1.1 2.4 4.2 32
289 |
55.2 16.6 14.C 4,7 7.5 2.0 69

290




ANALYSIS OF CLAY SAMPLES

AREA NO. B
~de

& Semple No. 5i0, 41,0, Fep0g Ca0 Mg0 Undeter- - Percentage of
mined Coarse Material

(Rejected)

BHE 291 | 4
292 57.2 17.2 11;5 3e2 6.8 4.1 22

298 . 51.3 18.1 14.7 6.4 6.8 2.7 45

294 50.1 17.8 13.6 4.8 10.2 3¢5 V64

296 556.0 18.¢ 13.1 2¢4 5.6. 5.0 47
2964 74.1 14.7 4.0 0.7 1.5 5.0 29

296B 64.3 17.2 9.1 1.9 4.1 4.4 26

297 51.7 17.8 12.8 3.7 11.0 3.0 55

208 54,4 16,5  13.0 4.8 8.4 2.9 49
299 54.€ 17.7 12,5 3.1 T7e3 4.8 34

o




ANALYSIS OF CLAY SAMPLES

AREA XO. B

-5-

Semple No. 50,  AlpOp  Fep03  Cad  Mgd Undeter-  Percemtage of

mined Coarse Material
{Rejected)

BH 326 70,1 17.7 4.5 0.9 2.3 4.5 55
327 70.1  18.5 4.9 0.5 2.3 3.7 36
328 66.3  20.2 5.0 0.8 2.9 4.7 46
329 7., 68.8 18,2 4.9 1.5 2.3 4.3 55
330 66.8  20.4 1.5 1.1 2.3 6.9 63
331 69.C  17.9 4.6 1.3 2.4 4.8 a7
332 7.5 17.8 1.9 1.3 1.7 5.8 62
333 70.3 16.8 2.0 1.5 2.0 5.4 57
334
335 69.5  17.1 3.0 1.3 2.2 8.9 49
336 71,2 17.1 3.3 1.1 1.8 5.5 51
337 72.6  16.7 3.5 1.7 1.5 4.0 31
338 5.2 16.8 3.4 0.3 1.5 4.8 26
338 73.5  15.0 4.8 1.1 1.5 4.1 28
340 7i b 7T3.4  17.0 302 1.1 1.6 3.7 50
341 69.2  17.7 4,3 1.0 2.4 5.4 37
342
343
384
345
346
347




ANALYSIS OF CLAY SAMPLES

AREA NO. C

Semple No.  S$i0p  Alp0z  Fe20s Ca0 ¥gO Undeter- Perconmtage of
mined Coarse ileterial

{Rejected)
BH 193 53,2 19.0 14.0 3.2 8.8 1.8 45
10 60.6 20.3 9.6 1.9 540 2.6 37
195 47,7 19.9 15.0 9.9 3.3 4.2 42
196 56.7  18.1 14.1 2.8 9,1 1.4 49
197 56.8 19.0 13.2 4.1 642 067 38
198 58.1 15.1 15.2 1ot 9.3 0.9 45
199 53.7 17.1 15.8 4.1 8.2 1.1 38
200 82.3 16.7 11,0 1.5 5.3 3.2 29
201 63.6 17.1 9.8 140 | 5.4 3.1 48 -
202 6465 19.0 11.4 1.2 2.8 1.1 32
203 61,7 15.0 14.6 1.8 3¢9 4.0 38
204 6945 14.2 10.6 1.6 2.2 1.9 35
205 6943 18.6 1.2 46

8.8 0.8 1.5
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ANALYSIS OF CLAY SAMPLES

AREA WO. C
Sample No. . 810y A1:03 Fe 04 Cal MgO  Undeter- Percentage of
mined Coarse Materiel
(Rejected)
BE 300 61.0 19.8 Sed 1.3 4.7> 4.9 40
301 71.C 17.1 5.1 0.4 2.1 4.3 38
302 69.9 16.2 6.1 2.4 1.8 36 33
303 . 63e5 19.1 7.5 1.2 1.9 6.8 45
304 70.5 17.8 5.6 0.5 2.2 2.4 24
308 52.4 19.8 16.6 4.7 3.7 2.8 51
306 5543 20.5 12.8 1.7 6.8 2.2 20
307 65.4 17.8 10.7 1.7 246 2.8 22‘
308 70.6 141 10.0 0.5 1.9 2.8 48
309
310 59.3 18.2 13.8 242 4.8 1.7 45
311 51.7 .22.5 16.9 3.3 4,2 1.6 40
312 50.8 21.0 15.2 7.4 4.7 0.8 38
313 48.7 21.8 18.3 4.4 4.9 1.9 60
314 7.6 16.8 8.9 07 1.1 0.9 64
315 89.2 177 10.1 0.8 1.3 0.9 43
316 58.0C 20.6 14.GC 0.3 5.1 2.0 25
317 60.5 18.7 11.9 ‘ 0.4 3.5 5.0 31



ANWALYSIS OF CLAY SAMPLE

AREA NO. C
—2—

Undeter-

Sample No.  5i0p  Alg05  Fe,0p  Ca0  MgO Percentage of .
mined Coarse Material
(Rejected)
BH 350 C71.2 16.7 4,8 1.2 1.6 4,8 37
351 72.4 16.4 5.0 0.9 1.7 3.6 25
354
358 71-2. 16.2 4,7 1.4 2.2 4,3 46



ANALYSIS OF CLAY SAMPLES

AREA NO. D
Sample No. $10,  Alp0;  Fe,03  CaO MgO Undeter- Percemtage of
b T mined Coarse Material
: e - S - R UM ( Rejected)
BH 184 <~ 'éé.s 18.7 13.7 3.4 8.1 2.6 60
‘185 i 52.1 16,5 17.5 2.7  10.2 1.0 44
186 7Y 71.7  13.9 8.0 1.3 2.9 . 2.2 63
1874 59.9  18.6 12.0 1.2 4.7 3.5 32
1878 657 61.9°  17.7 10.4 .2 5.8 3.0 18
187¢C 58.0  15.9 10,3 5.1 8,9 1.8 33
188 60.1  19.6 9.4 0.4 6.3 4.2 54
189A 7 ...~ 15.5 9.1 0.9 2.3 2.2 39
1898 f 16.9 9.2 0.2 2.3 3.0 51
190 - 56.4  23.8 12,0 4.9 2.3 0.6 35
191 52 59.4  22:d 10,9 - 3.9 . 2.8 0.9 ; 30
192 © 5.8 1944 .57 2.2 6.8 - 20 - y 51
_— /,f} (s
[ o}




TABULATION 3.

Analyses of Andesite and Associated Sandstone Formation.

{4) Upper Andezits.
{B) Franciscan sandstone and Shale along Vesh
Limestone Contact.

(C) Interbedded Franciscen Sandstone and Shale.




TABULATION 3.

“Analyses of Andesite end Assooiated Sandstone Formation.

YUpper Andesite.

-F:'ianqiscan sandstone and Bhale along West
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‘ Interbodded Franciscan Bandstons apnd Andesite

Dismozd Drill Ho. §
BiGy  Alghp
50=60 48,8 15,8 16,8 TeB
70=%4 B0 18,7 9.8 3R.4 B.B
74 =78  48.5  1B.B 9.8 13,8 8,8
80-85 48,5  1B.3 8,8  12.6  B.B
§3-08  47.B 18,8 1R.8 8.8 18.8
98-80  46.4 17,7 10.9 8.8 8.8
99-304 49,0 187  1L.7 8.9 10,5
110-116 48.8 18,8 11.8 6.7 11,9

e
ik oy Eﬁ“«~
N

Grd Eg®

Dimmgnd Prill No,
3,5191% - ‘??2—95 12 .E E-p @ - 3-:5 L3 1 Q(,@

jon

Gawrn Prill Eele V-1

“ ‘ . lﬁ&“;&% 3@&7@ ?Q? ‘é&é 8L.7 gt%
182-350 40,0 188, 44  34% L8

Gexwn Drill Hele -3

265-8TR 5548 3.0 2.8 50,5 8.8

piemend Prill Hole Ho.

880, R0y Ga00;  XgOlg

ize

8G4~071 828.8 1.8 £9.1 1.0

EVi-E8T8 .0 Ba2 £5,8 Bob

Digmeond Driil Hele Ho.
50--58 318.4 1.7 €8.8 14.8

e

Lo o _ 58-40 5&01 @S-‘&ﬁ' 2%0% 1.8
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TRANSCRIPT OF POLLAND HAND SAMPLES OF CLAYS
Permeneante Froject

’ SiCoarse
5102 Al203  Feglz  Cal g0 Undet, Waste
P1 61.0 20.4 TeT 262 4,8 4,1
P2 62,5 19,4 7.9 2,2 3,9 4,1
P3 62.3 18,8 8,3 1.4 4.3 4,9
P4 61,2 20.8 8,6 1.1 3.9 4.6
PS5 62.5 19.4 8.4 1.3 Y 4,5
P8 T 63,1 18,7 8.3 0.3 4,5 441
P 7 5644 15,5 8.8 8.3 8,5 4,7
P B 59.6 20.4 9.3 1.4 4.4 4,9
P 10 £8.8 17.5 12,5 4.6 4,9 1.7
P 17 66,1 18,0 8.1 2,7 344 3.7
P 18 58.7 18.2 14.6 3.5 4,7 2,2
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Cwner

¥BLL JO. Log
3 Lows & Lowas g = 15 gell
Hombe Visbta 16 - 308 yellow clay
2 Tidovieh & Caviglias G = § soil
Golline Ave., . &« 385 alay
Sunnyvale 36 -~ BS gravel
35 - 110 sand & gravel
g A. G. Rone, 0= 20 elay & graesl
Grext Rd. and 20 - &5 soft olay
Por{lend Ave. 85 ~ 50 rod cley
80 -~ 9§ gravel
88 - 140 soft red elay
4 Lewis Co.» 22 - 55 Dblue olay
’ Rench 8s - 56 ~ & fNine grawel
fgnew Rd. neer ¥ - 100 bdlue clay
Bayshore Highway
5 Keachade ¥ell, 0= 11 soil
Wtn. Fiews 1} -~ 13 sand & gravel
Alviss Bd, 13 - 177 blue eley
& Tarpking, 0 - & edobe
Beyshore Highwmy ¢ - 13 ysllow clay
& dagels Rd. 15 - 18 yellow sand
18 = 49 >lue clay
48 ~ 535 fime grovel
55 ~ 6Y yellew slay
87 ~ 172 blue clay
7 HE, Hitarsi, 0~ & spil.
Freitas Daliry 5 - 50 yollew elsy
Rawch 80 ~ 111 pendy tlue clay
8 T, Okuy - 0« 20 soil 4
Hen. View & 25 - &0 yellew clay & gravel
Alviso Rd. 30 - 60 yellew clay
60 ~ 11§ yellew clay & gravel
g ., 3. Alr Bese ~ g = 8 tep soil
(eold well) 8~ 24 blue clay
24 -~ 29 gravel
29 ~ 87 Dlus clay
87 -~ 112 yellcw olay
10 Fonelisnl, 0 - 10 top 2eil’
Htn. View - seross 10 - 13 sand
Beyshers Highwey 13 ~ 85 yellow clay & gravel
fran bir Base 65 - 8B gravel & clay
856 - 187 ©blue slay
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residuss of the Calore 1imestone in the wesiemn pordlom
of the Semta Clara County, Cal ifornias

¢ inte two lithologle
ided by meenw of inscluble
Y
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BYOLB e

Tn conm@etion with tole ®iludy, Ane alstory of the
cavelopm i of tne 1o iuble reeldue method in Boe Uni ted
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regarded as s foremilion of Ups.er Cretaseous age, later
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ke o dothered, Insoluble Reeidues Oblmincd from the Corborne
1fermuaa§imeatana efxcs gt hli&tﬂha %naxn JOUTs GODle
ROTe LONGON Yols &%, TIBSBT Y. 166

Ze Ee 4, Trager, xazxnat;an of well Guitir fdoonomic Gaol-
OEY, ?Uia,ig, ﬁl“ 25 P Lvd




'.3

tent of limestons dxrill cuttings.

The amount of 1iﬁ€ g the Gifference in weight betbwsen

ﬁ}
[

I8¢

j
)
o
=
S
[
4
[e

08 GOmP $l8 ussd

of shale and send i8 determined when the residue is rlaced
in 8 graduated tube of a centrifuge which is rotsting at o
speed of sbout 700 R.PH. By the nction of the centrifuge
both the sand and %haie are separated from sach obherw by a
sharply defined linc. y |

In 1926, J. E. Lamaru described the goneral charscter of
the limestons of the Chester Series and rointed out the
method uwsed by the Illinois Geological Survey in sub-surfuee
correlation which comsisted in:

l. PFinding the amount of residue left by the

cissolved carbonmte Toolk.

betermining the size of the varticles

&
© e
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composing the reziduce
s A BYudy of heavy winersls and microfossils LPassnt.
By 1986, about 82,000 samples of insoluble residues
chiefly from Combro-Ordoviclsn rocks of Hisgouri and adjacent
areas, had been studied at the Missouri Geological Survey
by the method devised by Wethered in 1888 and revived in 1928
&
by HcQueen,

e Je E. Lomar, Sedimentary ﬁnalvslm of the Limestones of
the Chester Sericss 500D, 7901 VOL. 21. (1926
Ppe 5YB-5BD,

cues obbuined from it., The amount

4. H. 3. McQueen, Insoluble Acsidues 85 o Gulde in Stratigraphic
Studies, Ene¢niu1 Koport of the Stafe GeoloRist, (1021

Aypendix I, pp. 1021531,
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In 1956, Patton, stuaylag the inscluble residuss of

the Peunerlvenls limoestonoes of Texag, found frapments of

b v <O

:\3

nstural glaeses. He poimted out that "the isobrople

nature of the material is of = conspicuous nature and that

manifestly it does not nave value in geelogic corralstion

in thet region.”
- In 1937, a new modification of the study of inscluble
‘1' - g
. residuse wae applicd by Teylor to the study of rook salt

in the Gulf Costt. Fe studied the water-insoluble residues
of rock salt from 20 localities in Louisiana snd suggests

gffor: cluss
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tiet the method might ge of the
séltt Compnrieons of the water-insoluble vesiduss with
tnege from the Silurian and Yormisan deposits of North
Ameriecs zhowed consplcuous uLfIC“ N GER .
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In 1939, ¥Born used ths insmluhlu rezidue nathoed

8o Lo T» Patton, Hetursl Glusses of the Insoluble Residues
of the Pennsylvenien Limoslones 0 16R&8., S6LEN0E N S,
YD].» a :doe LI.A-B, 119:19(?] }'(-lv- Bu':-@»‘@u . .

2¢ Re EHe Baylcr, ¥eoter-insoluble Residues in Rock Segli of
TLouisisne Salt Plugs: Amer. ASS0Ce PetT0le COOL. Pulle
Yol. 21, Hos 10, (~«‘7) Pr. 1268.1310,

10s Y. E. Born, Ceclogy and Pebroleum kesources of Clay Cc.
Tenn., Tennessee Depts Conserv. Dive Gecl. Bull. 47,

. XII (1940) p. 188,
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currtz has besn frequestly reporied in sedimentary rocks,

but commonly im the form of goubls-opded asxagousl priems,

with or witnout detrital grains as nuclel. Su far as the

vriter raows, this is tie first time List grains of
raomboasdral shape bave besn found. The uaus gl snape
guggests tast Tas grains may ve poews omerphs ¢f anothey

mineral. ‘Lhe measured riomhonsdral anglss sre oclosest to the

angles of caabazite, but chabarite is rerely fount in lime-

stones and there iy no olhey evidence of its presence in

the Calera limestons, Most prokebly the greing ere répiace-
ments of calclte rhomboh@éromﬁiiwha igh angles may indicate
a0 unusaal eryétal form of ealcite; or the meapurements
nay be in errer:becauaa of the small size of the grains.

Barite

8 with tebular aa®it, coloriess and

o
&
ot

Barite cryst
trensparent, are often found in the residues. Iiis rineral
is frequently foun! assceletsd with blaock csricnaceous silt.
Aggregates of harite suggeest thzt the sipmsrsl OGCUTHE a8

a cementing or cavity-filling meterizl. Its aign index of

refraction, and Lhe psrallel sad
reciangular sne rhomblic frasgmendis, roguecetively, sre distinc-

b on

tive features oi toe minerel. ove Fiute 14.

(&

Cnsrt
Authigenlic chert, woite or light gray with smooth and

sni casts of
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vigreous -surieces, exnibiting

ntiy essociated with colorless very

ey

forasinifera, is frequ
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Tnssluble resioues from guadalups dwotlon
Jdoe Le The roaidue consiste of tlask
curhonaceous clay pellets wita a wax
jusber. Typical of Bubaivision & of

Whe Gary nebors - X ¥ -

ER TN




Plate No, 12

40 -

Altered pyrite crystals and pellets of
calcicastic glauconite separated from
841ty residue of limestone from Los
Gatos Sectiocn Fo. 3. From Subdivision C
of the foraminiferal limestone. -~ X 9 -
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Insoluble residues from thne Dork
Gray Member in Calera Section No. 1.
The residue consists of blsck car-
bonaceocus material and tiny rhombo-
. hedral crystals of quartz. - X 37 -
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Insoluble Hesidues from Fermanente Section
Ho., 2. The residw consists of very fine
grained quartz sand and larger crystal
fragments of colorless barite. From
Subdivieion ol the Dark Gray member.

X 9 -
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e




peprmanente ares i & peopervy of tho Yer manenle
pent Coe. snd 18 pions 17 ane 18, T F &,

aras mey be

X qi;g Nu.o ;)i,ﬁ%i‘}.b ‘:?s ii&l’.‘.o

[ 5' v

vided inko Lwo paRTIS, wrp uerry in the aorthern
pb of the prorerty sni YRo Lower [ Larvy in ?ﬁ?mfﬂeﬁt@
nyon, The difference in sievobtion betwgen the suarries
| about 600 Peed.

e

Ts thig arem three gecltlonk wWede messurad, Twoe of them,
vetbion Bo. 1 and Seotion Hos &, wore sacpled Lln the Lower
‘ry ani the third, Seciion l‘*a» 3 in the Upper SQa¥rys |
ig Ylats LBe A Toial pof 70 limeptens amszl&a EEre GGiluctﬁﬁ

wing the £leld WoTka

)

Stratiereuny
S

e limegbone L& surrounded hy rools gsypiesl of the

ronclgonn group - pand s3tone,
ntosite, tuff aul sgglomeraie.

_ Somse of tae iguécuw vools nwre clearly extrusive and

ome clearly intrusive, i ihe rvelstions hotwsen the Iwo are
ot ceriuin. Yhe ege walu tion of Lhe lgneuvus YECES amdad

nemselved snd to the 1 mngtone, are likewies noi cics

X iea st o part of the lgncius ma berial £8 coplemperananud

“n opy latey than the 1imestonss

[




. In the eastern portion of the Permanents property
lgyounger heds &re'exposed in & road cut between the cement
vient and the uppsy guarry. They consist of light brown
‘to buff, massive, medium-grained, poorly coansolidsted

sandstone. Phese heds a8 mapped by PBranner helong to the

tiita Clara formatioa of Upwer Pliocens age.

Two members of the Calera limestone are eagily dis-
. binguisable in tne field, a dark gray limestone and a
flighter foraminiferal llmestone. The latter is etratigrapih..
. icslly higher, Thess mambers probably do not reypresent the
eomplete tolckness of the formation.

Darlk Gray Member

Megascoplc Description
. This unit is cheractsriged by a durk gray or bluishe
”gray limestone whieh in fresh fracture usvally has a peb-
'raleum-like odor. The texture of the rock is finmely |
Jorystalline in the lowsy part, somewhat comvger in fhe
uyper part. The fins-textwred limestons commonly shows
2 platy separation pérallel to bedding., Lenses of cherd
‘in this unitv are scarce or absent. The thlckress of the
cunit in the Lower Quarry,is 8656 feel, but the actusl thick-
nese may be greater since the rock was found in fault
gontact with a bedy of andssite. Toe scércity of chert in
this uhi% makes it the begt material in this arsa for the |

menufecture of cement. The average calcium carbonate

.
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conteat of tas rook s 95%.
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The dark gray limestone at reymanenss aes heen diviied

into tes subsivisions, csiled sere Subdivisions A and B,

bozis of insoluble residues. Sse Flatss 19 mnd LY.

Sghaivision A

This subdivision makes up the lower pard of the dsrk
gray wnit. Charscteristically ths resiiusps are aluost
cntizely compossd of Dlack cerbonsceous silit aggreguntes with
porous texture, often exihibiting calcicaste, tacir shapes

eterninmed by smooth, suiny surfaees as if they were

originaelly bounded vy lerge aalocite ratals or masses of

#

limestone. Whese skeletal aggregates may be as large as

Q mme in dismeter. Usus L adisgeminated in them are
roomhohedral quartsz erystals wibh

Tae dlemeter of the guarisz graines

- ) e vy N +} - ey
1a h..’fa'QE.L G Hoe s:a,, I; ).'C e W G0

wheye raombonedral guarts and detritel guaris in tas form
of very fine grained sand were very prominent.
5

fhe tovael amount of residue inm Subdivigion A ranges

e X . ] . .. ‘. . . " <
hetween £ and L) of the original rock. Tae maziman obscrved

tuickness of this subdivision at lermanents ig 20 foetl.
.4.'-‘9: '
Jubdivision ¥, overlying Subdivision A, is charagterized

¢<,

¢ sasential resildues conslsting largely of gray ané brownish




&%

. gray very Iine gmiﬂ@u sapd. 7The tand may occur a8 aggrepates

with oslclogets, porous texiurs oF minute '*'cuma‘ z:aalt;a
that wers inbterpreted as cuvities left by Zoreminifera
Qxfte)r dlgestion in hydrochloric seid. Clay pellets, barite
gnd al 3;&14&&1,:;:1@1’@ gucts of pyrite ocour ad the BOCOBBOYY
residus. None of the sccessory minerals or &iay pellets
wero porsistent emough to delermine s norizon in the
sublivisiede

rhe aversge persentage of residue in roletion bo the
weight of smmple i& 6 por cente The talekmese of this

spbdivision aversges 80 fesi end raages up to 4U feetb,

Yorspiniforal Limestong
Hegascopie beacriptian |
‘ - iéisie:s unlt LS cheracherized in the Lield by its light
gray 0p jor, denss texilure, & concholidal fragture which
jeveleops shprp woedges, wnd Lhe presence of forgminifores.
Ghers lenses are very sbundgnt is this unlt, espacially
in ite lower part wiere altermsbing leasos of chert and
silieeous limemions poour Bt several nerisons, Bee Plates
1¢, W7 sad 18, Tne limestome ip ususlly wall hedded, mt
is ueseive looally.
| In $he Ppper Querry about 10 fée'ﬁ; sbove t&e contasd
with $he derk grey limestonc 18 2 thin bed, ranging in
thicimess from 2z few inghes up %o two foet, of breecimted

cherts Tregments fn & sendy oley wdris, e ded (&




_an-
vigible in parﬁs of the Lower Quarry in approximafaly-tha
same stratigrapaic position, bub it is concesled by so0il angd
vegetztion at the sites of the meassured sections Hp. ] and
2, Géologists working with thg Permanente Company call
thie pecullar bed the "Send Line" and regard it @s a bedding
plane fault.

The thiokness of the Foraminiferal limestone is uncertein,
gince its uﬁper contzet is always eitber definitely & ﬁaﬁlﬁ
contact or slse Ho0o obgoure to be deciph@fﬁ&. In the Ugpeyr
guarry the thickness exposed from the floor of the quasrry
up to a body of andesite is about 62 ft. In the essiern part
of the Lower Quarry the limestone reachss a mazimum of 98
feet and in the western part it is 62 feet thick. 4t both
sises the limestonme is in fault conbact with a crushed and
slickensided brown weathered rock whieh looks 1ike andesite
or a related velecanic¢ rocks |

Insoluble Regidues

Tae Foreminiferal limestone has been divided on the
baels of ineoluble residues into two daistinetive sﬁhdivisions,
called hsre in Subdivisions C and D. See Platves 16, 17‘and
18.

Subdivision G

‘In this sublivision the esgential residue coneistm of
gray porous sili aggregates like chalk. Accessory residuss
ere black shiny and brittle pellets of ligrite, brown waxzy

clay flakes, barite, and livoanite as an alteration of




o

wi B
pyrite or m&xcaﬁi%é, Tae perceutages of the lwmilvidual
&ﬂﬁ&@ﬁﬁf? rapiduer srYe B0 smell thet in many cones Lhely
PLELenos waa.nwt@a but ast recorded @ﬁ'th@ graphs The total
amount of lpecluble residus averages 15§ of the oviginal
pample, allaougs iecalily éaer@ shart leppes snd nodulss
sve shusient the amount of residue im Bs high 88 Blhe The
tnickness of Subdivision C rangos between E& snd 33 feetbs
Subdivisio 52 |

wne somentiel veaidues of thls gubiivision ars veyy
oheractoristic. They consiet of individusl mioro-graine of
quarts sand or sggregates of such greins which ure eesily
digintoprated with the éi&a%&tiﬂg needle, The individusl
guariz grains aye colorless, sub~-anguler Lo rounded, and

gome have & frosted suripce produced by the prosenes of

: peoondary wilice.  Ehe average dimgter of the prolos 1ie
g‘ sbous 0,04 mme GChort, olay pailets and flakes, aliered
pyrite, and burite ecmatiiute the g@a@&&azy ragliuesy

Whe chert slwaye »xnibits oaleleashs end foraniniforal
capts; the oolpr ie wuite or L ight grayj the surisce is
asuslly vitreovus, vecsBionglly finely gresular. Yie eley
fighes mre chargcteri@tio of tbhe lowey part of the suhllivision
sii theip presence ig related o the ccourrence 61 VaTy
shin sinmuoulr olay sesuws in lbe Limepione.

vhe smount of vewidue in respeet To Ghe weight of

gl S rraseS G I SHILTUE RESEUIE Phloimess o
{8 gybaivision , &8 exposed in verpanente Geetlon Hoe 1

66 foet: the actuel thickness is unknown.
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Thig ares, like many others where ¥Frangiscan rocks ars

wagent, 1o cheracisrized by a high degree of dizturbence.

The Calera limestone at Fermanente apperenily is ree
stricted to g wedgo-like erca hounded Wy two nein faults thot
atergaet in the westerrmost part of the property. The
wrthern fault trends northeastesoutawest, tho southern fault
orthwest-southeast, See Plate 15«

&ithin this wedge~like srea two mein structursl uunits

ain be distinguished, one in the northern psrt and one in
L0 southern part. For convenierce bhegs siruchtures will bhe
«lled the Northern Anticlice and the Soutiern Amticiine=

Ths axis of the HNorthern ﬁnticlin& trends southesste

,‘w

.d» On the north flank the aversge Gip of the beds is at
low angle to the neoribhjon the scuth flank they hecome

ertical or overturned to the north,

ut the heds on the north flank dip about 60 degress to the
orth. The souts flenk ie overturned and only part of it

s

8 exposed in rermpansnte Cmsnyon, wihere the sitrvueture is

d.

omplicated by & longitudinsl faul

o

&

: Separv:ting the MNorthern Anticline from the Southern
nticline thsye is & Teoay of unrdesitec and related volesnic
ocks bound by two northward-dipping faults approximately

arallel to the limestone vedding. The relation of the




zpdesite to the Lifwstone gould be sxplained either
{1} by foliilng and Jownfaulting of andseite originsily
above the Limestone, or {2) by lotrusion of an asdeslibo

2

L

Gdika Fault

“

b i..n.e T g

along

Huumerous aiasr
looal folds, snd o

sanersl airueturs o

folded and Taul fad
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Iln the limestone, followed by faulting
See Fluate 16
raulda, both oal and trsnsverss
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therzfore the tqlckéeqa of Oubeoivision 4 of tieiﬁﬁ?g,ﬁrayi

gneé Subdiviesion D Gf the Fovaminiferal limewmtons afé'gﬁg Enown.
Suléivigion B and €, however, wore soeurstely measufaéléﬁﬁ?
thelir houndaries detsrmined in two of the sections. In Sauﬁiﬁéi;
¥ne O tie lower part of B ie npot exposed.

Ia Bubdlvieion 4 thoe chsractoristic resiﬁue'is blagk
carbonaceous silt wiich i readily istermined by Lte dark
gray to black eolor and by ite boxture. The pércaﬁtmge of
reidue of Thoe sanples coliected frem thl: part of the.
section remaineg fairly constant,.

Resldues In Subdlivision 7 coneist in 21! the seciione of
ligat gray very fine grained quertsz sand aggregetss sl the
suBentlial csmetitusud, and pyrite and barise restricted to

.;.@rmm herisons 28 acoessory residues. Thoss horiszons
cannot he definitoly correlated from one &edtiaﬂ o anothef.
Subaivision B varies in thicknﬁéﬁ frow sboub 21 feed
in Zeotica Koe i up o 3% foot in Seetion Noo 2. In Ssotion
Hoe & tda lowar part io nob expused bul the toickusss
measured wasg £8 feebt. The pattern of the percentages of
reglives plotbed in the i !xwuﬁ’w genle 18 less uniform
thon thet of Subdivisloa i, Hesr tho contsot between
dubiivielon 4 api B in Sections 1 wnd & the porcentage of
residees cecroases notably, ond this fucet can be used as
gnotn@r gvifenes wajch wigoel nely in correletion,
Residues fyom Subdivision € of ithe Foraminifersl

Limestons are churacterizad by lignt gray silt agpregoetes.
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’.’he thickness of this suhdivision is very uuifoim, about
25 foet in Sections 1 and 3 snd 3. feet in Soction No. 2.
Tho asceBsory residues sre of no wvelue in eorrelationa
Alteored pyrite and barite for inestsnce sre upresent in
¢ertaln horizsons in 5éctiﬁn Hee 3 but thaey Go not oceur in
tng other two seciions. The pubtern glven by the percent-
ege of residues is rather suggestive, horizons of abundsnt
fnsoluble residucs ocour in 3ection Hoe 1 and Hoe o a%
spproximetely the seme siratigrapbio level, in Section No. &
howgver the peak is not very prominent,

Bubdivision D unfortunately is not completaly @x@ﬁﬁ@@
in any of the secticns. It residues, composed of oone
gpicuons white, very finé grained guarts esnd eps essential

‘anz%ti%;uent and resiricted pyrite snd clay flakes a8 acceanories

are very distinctive. The pattern of $he p@we@ﬁtmgé‘of

residues although lngomplete indicstes thet the lower part

of the eubdiviaion is cherscterized by a horizon of low
percentage a.proximately et the same level in thr three
sections. Another norizom of low porcentage of residue ie

found about 25 feet above the coataéct with the underlaying
subdivision C. Yhis level is not found in Beotion Ho. 2,
pernaps because tho section is incomplete. Ses rlate 20.

In summsry, thres sections of the limestone at |
Fermaneonte have been successfully correlated by mesns of

insoiuble residues, Sectlon 1 snd # wore chossn to test the

o
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porsistency of Léavy minersle zonee slong Sthe siriks of
beds which can bhe followed from one sestion to the other.
‘Beebion B is in v different but neerby structure. ULorras-
pondence of insoluble résiﬁuﬂa zones in the three sections
aptablishes the validity of thic methos of correlation mv&f
shord Gistsnesa. In general, the correlation é@?&ﬁds on
(1) the megascopic charscterietics of the Dar Gray and
woraminiferal limestones and (2) the aistinctive eseential
residues obtainesd from the four subdivisions., Ageeasory
resldues proved to have 1little value in correlation,
Fercentsges of residuce show suggestive resemblancss belween

the seotions, but are not very deyendable in corrslation,




Upper gquarry at Permanente showing sucecessive
working levels. Andesite in left background,
FPoraminiferal limestone in right foreground.
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Pypical -exposure of well bedded red chert
along road between the cement plant and
the upper quarry at Permanente.
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Irregular andesite sheet about one foot
thick along a fault plsne in limestone.
Locality Permanente, Upper Qusrry.
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YHE CALERS LIMZBTOEE SOUTH OF LR sy ey

Los Gatos drea

Five diffaerent limestons expomures nesr the town of
Los Gatos were examined by the writer amd three of %them were

gampled at intsrvals of five feet stratigraphicaily,

Los Gatos Section Ho. 1

This -pectiion ie locsted edout « half mile soudh of

Lop Gatoe on the propsyty of H, Z. Hallawell, Only 40 feet
of limestons are exposed, MProm botiem to top the expoaure '
eonniete of @ﬁ#ﬁ gray 1o black, meeslve, dense limestone
(& feet), a léy@r of interbedded limestone emd chert
{7 foet), and neesive, light gray, dense limesbone with
mierofpsesile and &saﬁteraﬁ'biaoﬁ chert aocdules (88 feet).
The limestone s overlain by massive, brown westhered
sandetone and underieln by brown weathersd Bhale snd basslt,
Inscluble residues from this seciion consist of blaég
carbonaceous silt and black wexy dlay pelleve la the laﬁer
five foet, snd sggregutes of tiny oolbrias@ guarts greing in
the remaindefd Juat.&bmve the wone of blsok silt =a oley
the reslduss contsin glaﬁconite pellots with ealeicasts snd

crystals of alterad pyrite., SJee Plate £5.

Insolubls residues from these limesionss ere falvly

similer to thome in Subdivision D of the Foraminiferal
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limestone and Subdivision A of the Dark Gray limestone at :
Permanente.

Log @atom Section No, 2

This segtion was meassured in an old quarry loosted
northeast of'St, Joseph Hill on 8Wy4 Section 27 - T8S, RIVW,
M.D,Ms A% ﬁnis locallity agein ligestdnes rasamhliﬁg the ' -ﬁ
derk gray sad the Foraminiferal limestone members are éxposea,A
but it wae impossible to find bhe relation between the two
types becmuse rubble from guarrying cperations Aaé‘oovered

the contact.

The beds crop out on & hillside on the 1200 £4. contour
level, With & general southwest strike amd & dip 1o the
southeasd, Similer. exposures, with the same general trend,

were seen on the north pide of 8t. Joseph Hills, OFf ths

Derk Gray limesitone only & £0-foot stratigrapale thickness
is exyoae&; These beds are underlain by badly weaﬁhareé
brownish shals with no traces of strabification. The
ingoluble residue of the samples c¢ollected consiste effﬁﬁaek

/

/carbonaceous silt resembling'the residues in Subdivision A

' of the Dark Gray limestone &t Permsnente,
- . | |
A Residues in the FPoraminiferal Limestone at this

5 locality are like those in Subdivision C at Fermanente.
ét They consist of light gray silt aggregates, some with finely
f @issamiﬁated slbered pyrite. The Foraminiferal limestone

is overlsin by brown o buff badly weathered shale and

saendstones
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| Los Getos Section Ho. 8
This section 1s loested in an old quaryy on 8W§,
Sea. 25 788, RI¥, Mk, The exposure ls & massive, gray
dense limesetone body sbout bBO feet thick éigping 36 degroes
to the mouthwest, The lower part of tile liméatcaa éan@&in&
abundant foruminifers. Altered pyrite orystals up 0 2 mm.
in dlameder ave conspiouous in the middle part of the megtion,
Qaea&iomﬁily‘gkaucaa&t@ pellets ars found. Chert ncdules ave
commen bhroughout the scobiom, becoming very promiansnt ia
the upper parts
In lithological aharaétar thess beds sre similay 0
the Poraminifersl limewstone memﬁar,' Inscluble reelducs
"r@%amhiing the sultes from beoth Subdivisions ¢ aad D at
rerpanente ars prepent. Residues from Hhe lowsr beds (L)
sre charscterissd hy grsy a8lil sggregstes s easeﬁti&l regidue
| and pyrite snd glauconite as sogessories. The @?aragsitatal
peroontage of residue io &Bau% B% and the thioknese éé'faatﬁ
Residues from the ugper hede (D) coxsist of vsry f4ﬁe
gined quartz pand and suarts aggregate., Altered §yrite lé
iriy abundant forming about 16% of the residue. ?h@
ieknass of the subﬁivision tg spproximately 15 f@@?g
¢ Plate 26, |
This deposit, which was gampled durlpg the early days

the investigetien, ig considered as noit velng repregentative

RIS e

R e
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due to the poo? exposure. Later the writer found a better
and thiocker expomgule in & rosd cub between Guadalupe and
Los Gstos on the NW cermer of SWE of Bec. 24 TES, RIW, MDM,
hut uue to the lsck of time detmiled work Was not dones

4% this locality the writer found two layers of light
brown colcarcous sndesitic tuff wits congplcuous chlorite
pellets and lentlils of ,green shale. These iwo sirata, which

are intervedded with light gray dease limestone, contain well

rreserved foraminifera, chiefly élobotruncana. Recuuse oI

the presence of chlorite and other basioe mlnerals the rocks

westher rather easily snd 1n places where the weathering

- process has been most setive m good assemblage of fora-

minifera may be phtained. As far as the writer knows this

i¢ the first time that velatlvely soft heaw bearing fora-

ninifera have been reperted from the Calers limestone.

Guadalupe Areg

intraductien
On the hills southwest of the Guadalupe Reservolir,
limestone beds crop out at intervels for & distence of
about two miles, spproximately alcng the 750 foot can%our
1evel, One of thesge uepoblto, gvrn ps the largest one, is
located about 3/4 mile . soubth of the Guadalupe Dam where
it forma pearly vertical scarpée moré then BO feet high. Be-

cause of the heavy vegetation this Geposit is not easy to




. w.ﬁm
aaalaxeeythwfrom the hills st the horthesst side of the
&aaé#iup@ kogorvoelr. 2art of this depesit wes a&mpis&
and moszured with plene tebls end toiesceric slidade,
whe outerop was not accuraisely 16&&%@& by extending
the may to & wefersnoe point, wud it iz in or nesy Lha
gsoubhenstern coraor of Seot. 32 of TeBols, Ko 1o Ko,

¥eDy Bound Mo Ses Flate Z,

Goology

The mapgive churacter of the limestone snd 1lts siruc-
tural complicetiouns made the stratigraphy rather diffloult
to interpred.

) sectlons Wwere measured in thie arss, Of which one,
Guaﬁalupé Section Fo, 1, may be sonsidered representetive.
In this area, both the Derk Gray and the Foraminiferal
linmestone are exposed. The strueture cen hest be interpreted
88 o plunging enticline feulted nesr ite axie ond with its
gogtern 1limbk overturned. See Flete 27, |

The core of this astructure ie oconpied by the Derk
Gray limestons and the flunks by incomplede seotions of the
Poraminifera)l llmestone. The west flank of the snticline
is divectly Lelow & large exposurs of greensione, and the
bedding dips betwean 10 snd 25 degrecs to the northwesh.

The relution of the forspinifersl limsatone in the east
£lank of the a%ruoturé withActncr roeke wss not seén heosuse

0f {he heavy Bcll. The sust fludk of the anticline &1ips
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about & egrea% %o the scutbwest., The differsnmce in
slevabion bebween the fop ol ihe guatorn flunk ani Tthe 0P

of the western flsnk 1w shous 1H fevte

Gtravigraphy

vazk Gray Limestone

e Dark Gray limesioue lg ybafly axposed. in
lithologiceel charaetéw it 13 identicsl with Gthe Dark Gray
limestone of Fermsnente; & derk limastone, ar;at 3iline,
with petroleum odor in syesh fractures. 7The rosiduss of
thir momber BYS simx&ax to thope of Subdivision 4 8%
Sarnonento. The average anouat of residue is §% snd the
ptratigrepkie Bolokness axposed is only 12 feet. . %he top of
tois wubdivision 19 qarked by a horison with yesidu®s con-
sieting of wexy elaey peliets and flskes and suthigenic
rhosbohedrsl quariz. Bee Dlzte E8.

Foraminiferal L inest ane

Phe Poraminiferael Limestons alep lws the egow sharecter
ap its oguivelent ab rormanente, alibough miﬁrefbssils éﬁ@l
uot very shuniapbt. Hesidues gorresponrding %0 3uhd*?iﬁiﬁ§ c
gonuisl mostly ol pray i1y wggregaien; the thickuoes o¢ this
pubdivision is shout 27 feot, ‘ond tac “VeTage ggrcenxug of
repiues ip 6. Residuss. im Ghe pari corraspsuﬁing 40
subeivision U conwiet of very fine preined ciean quards

sEnd. The lower part, as at Permenente, Section Noe &,
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. is charascterizéd. .. by = horizon with clay flakes., The

t . percentage of residue is 6% and the thickness expoeed 18

: only 3% feet. On the west fiank of the .anfiicline a layer

? of interbedded limestone and chert lemses about thirieen

* ' feet thick is exposed. Frowm the lowser part of this layer
up t0 the conitmot of the limestone with the greenstons,

P the For&miniferal none nhas an exposaed thickness of 65 feet.

Sse crosg-seciion on Plade 7%

Calero Area

b The Galero Reservoir aréa ie located in what islknawn
3 as the lends of San Jose in the norbthwest portion of T 9 8,

; R 2 B, KuD. B. and M. Seo Plate 2

é Lf: In this area the most common rocks are ssndstone end
‘ 4 s.l:i'ale of Prenciscen type. Along the nor thern margin of

ih@ reservoir is a series of small hills forming an are
'conyex tc the north. In thess hills interbedded sandstone and
shale are yresent. In the bottom of the reservoir seatte?e&
Aoutcrnps of maseife, medium grained, greenish~gray, and‘brbwn
féandstonas wers secen during the summer where th@ reservoir

J.reached 1t8 lowest woter level., Un the southern bank of the

A ../ /¥eservolr there is & conspicuous smsll hill where strata of
g, . Celera limestone are exposed in a seetlon about B0 feet thick.

Tais section was measured, and samples were collected from

its scurp every five feet. The limestone body dips about

A5 dsgrees to bhe south. The heavy mantle of soil concealed

!fhe coatacts of the limestome wita other formations, but
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presumably the dBposits ocour betwsen bodles of sanietons
ané $hule, whloh were the only rocks @esn reletively close
t0 the limsstens.
Jugt south of the smull hill is s ridge B00 feet high,
with & bebervgensous group of rogks cropping oub on its
51l0pe8. Hrom the botiom of the. resaervoir 1o the top of

gne bill the following vooks are ewposed. Browa and red sheles

% ths Fremelsesa group Lype are in feult eonbact with

mageive limestone bedw of the Calera formstion, Ihe

Jimestone is everlain by brown snd yed cherts, whioh also
ave in conitact witn serpeniine a#ﬁ gilics carvensate rockSe
The serpentine ooguples the core 0f the 8ill whiek iw
survounded on its south flank by cuterops of bdrowaish gray
maasive well induvated zandsions. |

A fairly large deposit of the Unlera Limestone 0ooUrS
about 1 mileAsauth'of the reservoir., Thls deposit wes
guarrisd ig papt years. The rocks surroundlng the limestone-
bearing area sre brown weubhereld sandelons amd shale of th@.
Franeiscan group type. la sddition to thess, red ohert
bede and @@rpantin@'meia seen on Hop ©f the hille nordh.
and northwesd of the émpbait, 3sa Flste 2%.

Stratigraphy

The Celera formation is rapreﬁant@d ob this lecality

by spproximetely 80 feet of m&&aivé, gray, dense limevione .

with soattered blaok chert. nodules whick become more
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Subalvisioi+B, since it is underlsin by limesione resgmhl -«
img Subdivision & and overlain by limemtane ragambling |
Su%éivi&imn Co Ab Eﬁrmaﬂ@naé Subdivision ® is charagter-
izeé by vesiduss of detrital cuartz ssnd, while bere ithe !
rosidues are chisfly eubhigenis rhombohedral qgarta, although '
s 1ittle detrital quartsz is present with the rhombohedral

quertzs, bhe two types of residues are quite daifferent. Khis

may mesn thet beds corresponding to Subdiviaion B are

misging here at Ualere, and thet the sene of rhowbohedral
gquartz is & hariﬁon'pf Jubdivision 4 {like ithe much thinner
horizons of rhombohedral quertz in Section Ho, 2 at
Porpanente), Or Lt mey mesn that the residucs in Sub-
dgivision B change thelr ah&racfer @Qutnwarée’ 3sa Plate 31,
Poseibly it is signlflosmt that resldues of rhombphedral
guartz are found aswoclated with parts of the Iark Gmﬂy
limestone contalning csrbonscecus silt residuese
Gorrelation

Ganeral« _ ' .
the lithology of the limestonme in the Los Batos,

Calero and Guadalups arcas is very similar to that at

Parmﬁnéﬁie.‘ | |
Except ot Calere tas limosta#@ ig divided into e,

dark gray limestone below amd & lighier gray, foraminifersl

limestone &bév@. Phote mejor units can be furthor sube

ilviged on the basis of ipsolbble residuss into four

subdivisions which ave simllar to the subdivisions et
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Permanentdiy

Iven a4t Calerc, where the division into dark
and light limestone is not megaieoplicoally ahgafVable, the
subdivislons based oa.iyﬁckuble regldues can be eaplly
recognlsed. |

48 in %the shori-range correlation at Fermaneate, Lhe
saseniial gonetituents of the residues p?avlaa uaé méa&
vellable basis for long-reage oorrelatiom. The gim:larity
potween vesiduss from differxent seclilons is no% &8 elouss
over long Gistunces 88 1t 1s among ths three Permsnento
gegtions, but the rasamﬁla&e&% ai@ glose enough and the
ptretigraphic sequsnee is sufficlently similer 0 %het @
correlation of the iaclated iim&ﬁtnﬁﬁ GXPOBUrEeE Seans

posalble,

Subaivision 4. Limestomes with black carbonacecus 8il%

a8 the espentis) residue are found st the base of the
aeaﬁia&é:St»Laa Gatos (Ho, 2), Guadalupe (Ho, 1) end
Celewo. The residues are similsr in wost ﬁat&ilsi%g.ﬁa@
vesidues of Tubdivision & at Fermsnsnbe. ﬁarimona’ﬁiﬁh
repidues rieh in rhombobedral quarts sre sonspioucus, a8
in ?&rm@nanﬁe S@a%ian'ﬁﬁ. L« . The fﬁtal prraontaga of
residue 18 ALEO vaXYy anifcrmAw&th~&@pth, as in the swetion
at Permemente.

SBubdivision B. The presencs of this subdivision i&l

apubtful in the seetions south of Pormanente. In Log Gatos

$a§tien ¥oe 1 8 light ioraminiﬁ%rél Limestone with insoluble

residues consisting eohiefly ol aggregates of quarts grains,
& *

¥
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8imilar to Subdivision ) at Permanente, immedisiely over-~

lies Subdivision A. At Guadalupe and at Calero the beds

overlying Subdivision A have residues consisting chiefly

of raombohedral quartz and only minor amounts of dstrital
guartz, guite different from the dominanily detrifal gquarts
in Subdivision B at Permanente.

Subdivision C. Light gray limestones with residues

ccnsisting chiefly of gray porous silt aggregstes with R
minor amount of altered pyrite overlie the beds with
raombohedral quartsz at'Guadaiupe and at Calero, SBimilar

limestones ocour a¥b thé base of Los &atos Seotion Ho. 3

and as an isclated outcrop in TLos Gatos Section No, 2. In

all details these limestones end their residues resemble
Bubdivision C &t ?érmanente.

Subdivision D. ZForsminiferal limeétones with residues

consisting of fine gggrtz sand and minor pyrite, closely
resembling Suhdivisidi'ﬁ et Permanente, form the upper
parts of Guadalupe Segtioa No« 1 and Los Gatos Sections
How 1 and 3. It may be significgnt that s horizon with
ebnormally low total péraentége of residues occurs about
2b feet above the base of this éubdivision both in ‘
Guadalupe Section No. 1 &nd Los Gatos Section Ho. 3,
co:responding with a simii&r horizon at the same strati-

graphic level in Permanente Seetions No. 1 and 2,
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Partisl view of the Calero ressrvoir.
Photograph taken from an old muarry on
the soutnern bank of the reservoir.
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Exposure of the Calera formation at t he
top of a conspicuous nill on the southern
bank of the Calero Reservoir.
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CHARTER IX
AGE AND STRUCTURAL RELATION 0P THE GQLERA FORMATION

As expleined in an esrlier chapter, the Calera lime-
stone is generally regarded as e member of the Pranciscan
group hecause of its. assoceiation with Franciscen rocks in

the fisld and becouse of ite apparently leaticular

‘character, The writer feels that the present study apd

other recent studies provide good e¢vidence for treating
the limestone as a8 formaution independent qf the Franciscan

group and of Cretaceous rather then Jurassic sge. The

following paragraphs are a brief summsry of this evidence,

At the pany limestone exposures visited by the writer

‘Ln Senta Clara and San Mateo Counties, the limesione is

:inﬁeed agsociated with Pranciscan types - shale, sandstone,

voleanic rooks, end red ghert. But nowhere wae s normal

contact with any'bf these rocks found; most exposed con-

-Pacty, either et the toy or at the base of tae 1imestoné,

are cléarly fault contacts, although a few are so complex

that their intefpr?ﬁation is doubtful.
28 :
Taliaferro states, without giving detailed evidencs,

that the limestons is commonly interbedded with s?nd?tone and
. ’ 29 '
shale, locally with red chert and basalt. Lawson also,

in bis work on the Ban Francisco Reglon, concluded that

‘the limestone. is interbedded“with sandstone.

28, N, L. Taliaferrd.” Franciséan Xnoxville Problém.

‘ Amer. Asscc. Petrol. Geol. Vol. 27 (1943) p. 144,
D

As C. Lawson. San Francisg¢o Folio., U.S.G.85. {1914) p. 5.
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He does not discuss the mafler in ﬁe"bza.i.l. but simply
states, "In the Cahll formetion there 18 & conspiouous
foramlniferal'liﬁaatone which Bepsrstes the sandstone below
and above Lt inbto sistinet divisions.”

Beecguae Fraanolecan eaatéwta are usually 8o poorly
exposed, and because 1imestone.eontaata'wher&ver visible
sye 20 gommonly faulted, it seems to the writer that the
limeétanas-méu%ienaﬁ by Tallaferro and Tawson mey well
ve feulted agalnst sandstone and shale rather tham imter-
vedded with them. Indeed, a glence at Lewson's map |
(Plﬁté 35) of the Crystel Springs - Ban Pedro ares Shows
thet wueh of the l£msatone hers in its type locelity 1o
patently not imterbedded with mandstons, but L8 in contact
with inirusive YopkKe. | |

”Th@ lenbicular asture of the Celers limeatons may Dbe
iﬂterpretad elther us an original structure due to u$~”“_~_.
pesition in reefs or lsolated bamiuﬂ, oY 8§ 8 ﬁwcunnary
structure produneed by intense deformation of & Gaae-mora
continuous beG. The fact thet zones in the llwemtone can
be correlsted over comnidevable distemge by means of
insolubie residues is géoﬁ svidence for tpa second
hypothesis. At lemei the aer&alation m@ans that the
limeustone in oifferent aresa muet have laid down elmulian-

eougly, unnider similar environmentsl conditioms, if not aa
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He does not discuss the mebter in debsil, but siwyly
states, "In the Cahll formeticn there 18 & consploudud
soraminiferal lilmestone which separates the gandstone below
and shove it into aistinet divielons.’

Because Franciscan contagte are usually so peprly
exposed, and begouse limestons conbacts wherevar visible
gre 890 aammaaly faulﬁed 1t seems o the writer thed the
limestones mentioned by ?ali&iarro and Lewson may well
be faul%aé against aanﬁsuone and shale ra ther than inter-
bedded with them. Indeed, B glance at Tewgon's map
{Plate 56) of the Jryetsl springs - Ssn Fedro ares B8Lows
shat much of the limestons here in its Hype loeality is
patently nok iat#rhééﬁ@ﬁ with @anﬁé%ene, vut L in contaot
with intrusive Y0LKa

rhe lenticulsr nabure of the Culera limestone may he
interpreted gither as an criginal structurs duse to &a;
pogition in r&afﬁ or isolated baesins, OT &8 B a&arnaary
strushbure yrouueed by inteusa d@farmation of & one@ more
continuous bed, The faet that zones in the limestone can
he gorralated ever gonsioerable distence by weans 6f
insoluble residues is good evidence for the second
'hyyotheﬁiﬁg At lesnsi thé gorrelation woans that the
limestone  in iifferent areas myst have laid‘dawn gimul bane

sously, uader similar environmental conditions, if not as
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parts of a continuous bed.

Paleontological evidence indiocates thut the Calera
formation is not of the same age as the Franciscan group
,‘-fﬁpper Jurassic). In 1942, Thalmann(ﬁe)stuﬁied thin
sgctione of the limestone at Pérm&n&nte and fwﬁnﬁ‘tho
following genera whieh ara'typioal index fossils for the'
Upper Cretaceous: _ '

Globotruncana &p. aff. G. aypenuninica Reng
| Glebotruncana linuneisna (4'Orbigny).

(31) :
In 1942 the same author studied limestone samples

ety
2.

o e

R

collected by Taliaferro two miles north of Mendocino Co.,
California, and found the fpllowing gzenera:
Gilobotruncena renzi Thalmanu
Globigerins eretacea 4'0rbigny
Gumbeline Sp.
Bolivina eps
Astacolus ? 8p.
According to Thalmann* '"Tﬁe ¢lobotruncana 5peoies
clearly indicate at least a Turonian age for the so»cailea
Frangisean limestone at Lay»onvxlle, Californie.™ |
Near Los Gatos on 8Wj; of See. 24, T. 83., BII. W., m.D.,
Be. and ¥., the writer found a: caloareous anﬁesitia tuff

1nﬁarbe&dea with tha limestone which contains an assemhlase

30, Ho E, Thalmann. Globotruncana in the Francisoan
limestone, Sants Clave Co,, Celifornias. Geol. Soc.
of America Bull. 7Vol. b4, Fo. 12 (1942) p. 1827
{abstraect) : .
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of well éreaew?aa foraminifers, The assemblage ¢olleoted

proved to gontain aifferent genera of Gl obotruncanas,
Mr, Ce C: Church who had the ?yygrtunity,ta study Ethem
32 :

made the following statement:
"7 have looked at your slide of
foraminifera, anl they appear %0
me to be Upper Cretaceous. HMost
of them are Globoiruncapa of Ywo
or MOY e Bpecies.”

The sepwmulated eviden@é clearly inaicates au Upper
Cretageous age £o¥ the Calera limestons.

In éum&ary, the aéseﬁne of definits evi&enae for
interhedding of the limsstons with Prencisganroek, tho
ipdioation fFom inseoluble residues that the limestone
wes once s more combimueus bed, and the paleontologieal
proof of ité Cretaceeus agaf all suggeé% gtrongly that
the limegtone was deposited origimelly as a tﬁick bed

or as g mumber of ocontemporenepus Iresrs on #@p of the
older Exaaéis&@n rockes Subsequent cragaéi@ movenent
aistorted spé fragmented the limestone and eresion has
removed all but isolated rompants which wers @Qﬁﬁf@ldEQL
or downlfeulted into rencisca rockB. o
1f the limestone is Upper Cretaceous, soms of %he
igneocus rToeks which lntruded it and some Of the'ex%rusiva

roeks which overlie it musit be of Cretsecous o later

sge, instesd ol Franciscan asd generally supposed.

Co L Courch, B B et BUBEL \BTED »
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Detail of contaet shown in preceding pnoto-
graph. Ad=Andesitic caleareous tuff containing
foraminifera. Lszlight gray foraminiferal
limestone. Chzchert.







' " OHAPTER X
SUMHARY A¥D RECOMEBEDATIONS

Summery of Gonclusions

- {1) The insoluble resldues of the Calere 1imestone are
af distinetive and persis%eat cheracter, anﬁ their
11thalugical variastions my be used as an ald for

" gorrelatien PUrpoRos.

"(2) The Calera limesteno 18 consldered sa a formaticn.
z

" fwo members - the Dark Gray el the Foraminlfersl lime~
stone ~ are reeognised in the wegtern portion of Ssnta

Giara.ceunty, galifornias

33) Based op & study of ingoluble residuss, each of the

iﬁﬁﬂ mepbers is subdivided into two subdivisiong.

44) _The age of the Calera fetﬁatian.is oansidered a8

Wpyer Oretaceous because of the prea@nca of differant

gpecles sf Glabetruneana fiyst found by Thalmann st

;fermanante and Calera and duripg the course of the
‘nvestigation by the writer ima looality pear Los Gabos,

"(5) The Calera formstlon i8 conﬁlﬁered es an independent

/‘&mit separate from the sancalled Frencisocan graup.
(: B

b/ s

.l' . . !
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Becomnonaetions

Phe writer roconmsnis the applicaticn of inseliudle
vosldus studies bo the Calers formstion in pledes waePe
the discriminstion of wvex&anésa strata or other
structural complicetions are impertent for emloulating

the voserves of high grsde limeatene deposits sultable

for etonomlic purpOSSBe

It bes been Been bthat except in seriain casew Yhe

litnologiesl charscter of the formation 18 €0 uniform that
1% does not permit determinstion of the posibion 0f s |

poor sxposure in the shtratigraphic c¢olumn, The Lnwoluble

residups, however, &re sa mdditionsl »id in determining
atratigraphle positicn, Besidss the appiication of this
m@%&aﬁ for stratigrephie purposes 1% le aleo of sconoule
velue in finding whioch perd of dhe s@a%i@m hae the highest
purity and ;ﬁsé&fara is tho moet suitable for the msau-

- facture of comesnt or lime.
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ABSTRACT: | 1
Reconnaissance geologic mapping of Kaiser Cement Corporation's Permanente
:pfoper»ty in 1981 delineated the approximate distribution of rock units outside of
the presént quarry: area. Surface exposures of limestone bodies totaling approx-
imately 46 milljon tons were mapped outside the quarry. The most promising sources
of Timestone not currently being mined are immediately north and south of the present
quarry. The former area may contain 3 million tons, and the latter, on the south

bank of Permanente Creek, may contain 16 million tons. Mining north of the quarry,

however, is restricted by a ridgéline protection easement. The remaining tonnage Jf‘ !

is on the ridge south of the rock plant loading area and in the southwest corner
of the property. An additional 700,000 tons of Vimestone:is estimated to underiie
the Midpeninsula Regional Open Space District property northeast of the quarry.

A11 proposed structures and waste dumps should be 'sited with reference to
the distribution of limestone bodies shown on the Geologic Map (Plate 2). Placement
of @ waste dump or sanitary Tandfill in Bryan Canyon is. not expected to restrict
access to any large bodies of limestone. The proposed waste rock conveyor, however,
could ]imit access to-as much as 14 million tons of 1imestone on the slope above.
tt;e’ rock plant loading area. Several major ancient landslide deposits and smalier
active landslides on the south wall of Permanente Canyon may. p‘r‘eé‘ent slope stability
probiems for construction projects. The proposed westward extension of the west |
dump would not 1imit access to any "mabped limestone, but more mapping is recommended
on the southwest rim of the canyon west of the present dump.

Further detailed mapping is recommended immediately north and south of the
quarry to correlate the 1imestone in those areas with that in the quarry. Additional
reconnaissance mapping in the unmapped areas of the Permanente property would complete

the Geologic Map.

f

T,

’



INTRODUCTION: 2

Kaiser Cement Corporation's: Permanente property (Fig. 1) was mapped in the
summer: of 1.981 for the purpose of compiling a reconnaissance geologic map. The
present quarry area was.not jncluded as it is subject to a separate investigation.
Approximately two-thirds of the 3500-acre property was mapped in order (1) to deter-
mine whether or not proposed construction projects or projected dump areas would
restrict future access to.any large bodies of limestone, (2) to delineate all other
significant limestone bodies on the property, and {3) to map rock types and geologic
structure using all outcrops and road cuts on the property: |

A geologic map compiled in 1945 by‘iPermanen‘te Cement Company's Chief Geologist }/i
K. E. Grimm was the most recent in-house geologic map available for any part of the
Permanente. property, other than the quarry jtself. Grimm's map covers the southwest
corner Qf the property, most of Avea 1 of this report. The Permanente property is
included in récent reconnaissance gedlogic maps produced by several government geo-
logists (Dibblee, 1966; Rogers and Armstrong, 1973; Sorg and McLaughlin, 1975).

Elevations on the property range. from 400 feet in Stevens Creek Canyon in the
southeast corner to 2600 feet on Monte Bello Ridge in the southwest corner. Slopes
are steep except on several old, massive landslides and on top of Monte Bello Ridge.
Vegetation is déense on most of the property and consists primarily of (1) bay laurel
trees with sparse underbrush in valley bottoms, and (2) sparse oak trees with dense
brush on ridges and slopes. Recent landslide deposits and areas that formerly were
cleared for grazing support extremely dense poisen oak.

The 1981 mapping project was supervised by Senior Quarry Engineer Carlito Bayan
and conducted by Associate Geologist EI jzabeth Mathieson; Quarry Engineer Mavrk E.
Beers; two summer field assistants, Steven Miller and Johnathan Tal; and Engineering
Aide Mike Crowley. Approximately 40 working days were Spent, on the project, about

1000 man-hours in the field and 280 man-hours in the office.



3

The topographic base map, s-_c'ale 1"=400*, was prepared photogrammetrically by
Harl Pugh & Associates of ‘Sau_t}; san Francisco from aerial photographs taken April 7,
1979. Field locations. were marked on the map and on black and white aerial photograph
stepeo pairs taken February 10, 1981, (approximate scale 1:20,000) and on black and
white prints of color aerial photographs taken April 30, 1981, (1:16,900 and 1:23,000)
by T. M. Graphics of South San Francisco. Color transparencies of the latter set
were examined in the office. We mapped road cuts, stream cuts, tree-filled valley
‘bottoms, a,c-t:e’:s's'i;ble ridges, and individual outcrops Jocated from air photos in less.
accesible areas.

Lecations of outcrops on ‘a\if photos and on the topographic map were determined
jn the field primarily by inspection and -occasionaﬁy'by pace and compass methods.
Dense vegetation and inaccuracies discovered on the topographic map during the project
precluded the use of compass resection. Hand specimen samples were collected from
all rock types, and larger chip samples, approximately 3 pounds each, were collected
from éach Jimestone outcrop. Where bedding orientation could be determined, limestone
outcrops were sampled perpendicular to the bedding. The chip samples were assayed
by x-ray fluorescence at the Permanente plant laboratory..

We attempted to include representative proportions of each rock layer in the

assay samples. Nevertheless, conflicting duplicate assay results from one outcrop
of limestone. with interbedded chert (#40)* suggest that the assay results should be

used only as a rough estimaté of the grade of rock in a particular area.

#Location numbers underlined in text are enclosed by rectangles on Plate V.. Those

not underlined are circled on the plate.
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The accompanying Data Base Map (Plate 1) Shows the locations of all outcrops
and float mapped in the field. Data from those Yocations were used to draw contacts
between rock units on the Geologic Map (Plate 2). Because of the isolated nature
of the outcrops and the facf that very few contacts are exposed, most contacts are
located approximately and are mapped aS'"Franciscaﬁ'contacts of uncertain type." They
may be fault contacts, intrusive contacts, o depositional contacts. The boundaries
of shear zones may be sharp fault contacts or gradational contacts between intact
rock and increasingly sheared rock. Attitudes of contacts are unknown.

Dased lines on the Data Base Map represent field traverses and indicate the
degree of coverage of the area. |

Five Geologic Cross Sections (Plate 3) were constructed from the Geologic Map.

They illustrate interpretive downward projections of the surface geology.




REGIONAL GEOLOGY: ' 5

The Permanente property is within the: Coast Ranges physiographic province.
The Franciscan assemblage, a Jurassic-Cretaceous eug&oﬁync@indi comp1ex, constitues
the larger of two basement complexes in the province (Page, 1966) and underlies most
of the. Permanente property (Fig. 2). The limestone mined at Permanente is part of
this assemblage.

The primary geologic structures. in the province'tnehd northwest-Ssoutheast.
One major structure is the active San Andreas fault, which 1ies approximately three
miles southwest of the Permanente plant. The internal structure of the Franciscan
assemblage is complex:

"Although the Franciscan fs_pervasive1y deformed by fo1ds and faults,

the structures within it cannot generally be ascertained because of its

persistent heterogeneity and lack of key beds. Most folds trend northwest,

but arcuate map patterns around plunging folds are rarely obtained,

probably because of widespread faulting along, and parallel to, the axial

parts of the folds. The major faults, which have a similar trend, are
shear zones that in places are as much as a mile wide. These contain

large blocks of more resistant Franciscan rocks in a gheared matrix..."

(Bailey,. Irwin, and Jones, 1964, p.8).

The basément Franciscan rocks are overlain by younger rocks that include the
Miocene Monterey formation, primarily a marine shale, and the Plio-Pleistocene Santa

Clara formation gravel and sand (Rogers and Armstrong, 1973).



ROCK_UNITS: 6

The two rock formations that und:e”rl”ie most of the Permanente property are the
Franciscan assemblage of Jurassic-Cretaceous.age and the Santa Clara formation of
Plio-Pleistocene age {Sorg & McLaughlin, 1975). The northeastern corner of the
property includes small areas of Monterey formation(?) of Miocene age (Rogers &
Armstrong; 1973).

The Timestone mined at Permanente is part of the Calera limestone menmber of
the Franciscan assemblage (Wachs & Hein, 1975). Much of the Timestone is interbedded
with black chert. Other Franciscan units mapped on the property are, in order of
he]é_tivga abundance, (1) volcanics, including flows, pyrocias'tics, and greenstone.
(altered volcanics); (2) sandstone, primarily graywacke; and (3) chert, both red
ahd black.

The eastern portion of the Permanente property; which is characterized by lower
topographic reélief and elevation, is underlain by moderately- to poorly-consolidated
sand and gravel of the Santa Clara formation. Prominent outcrops in one smél] area
of the nontheastern corner of the p.fbpe.ﬁty’ appear to belong to the Miocene Monterey
formation. '

The following is a key to the rock unit symbols used on the geologic map:

Qaf - Artificial fi11. Waste rock \»ar’ld dust dumps. .

QTsc - Santa Clara formation. ye‘.l]tjw-brcwn sandy gravel, gravelly sand,
and sand interbeds, poorly sorted. Most is poorly consolidated.
Belongs to Stevens Creek member of formation (Rogers & Armstrong,
1973),

Tm - Monterey formation(?). Thin-bedded dark gray limestone, red and
grayish-green mudstone, and pinkish-white limestone interbedded

with red chert.




Franciscan Assefiblage

Kdv

KJs

Kdch

- Volcanics. Includes dark green vesicular basaitic rocks with

calcite amygdules, dark green aphanitic rocks, dark green
porphyritic-aphanitic rocks with rounded black mafic phenocrysts
or rounded w‘hv:te to light blue quartz(?) phenocrysts,
pyroclastic(?) dark green and purple aphanitic clasts in a white
calcite matrix, purplish:brown porphyritic-aphanitic rocks with
olive green phenocrysts, and dark green medium to coarsely crystal-
line greenstone(?) with abundant olivine crystals and prominept
plagioclase cleavage faces. Most of the volcanics weather to

dark reddish-brown and produce a red, clayey, expansive soil,
Sandstone. Predominantly dark gray graywacke, fine grained, with
rounded quartz grains and abundant 1ithic fragments. Some is
medium brown. Some is moderately foljated. Interbedded with
black shale in many places. Weathérs to medium brown and produces
a 1ight brown sandy soil. At #68, one sandstone outcrop contains

some serpentine.

= Chert (not interbedded with limestone). Thin-bedded red chert

crops out in a fault block bounded by sandstone along the main road
between the quarry and the plant. Much of it has black, dendritic

manganese “flowers." Includes minor interbeds of black, green,

and yellow chert. Massive black chert is exposed poorly on the

ridge north of the microwave reldy station southeast of Black
Mountain and north of Monte Bello Road. Somie is brecciated and

recemented. We were unable to determine the structural relation-

‘ship between the chert and the surrounding sandstone and volcanics.
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Kdls - Limestone. Light to dark gray, micritic to medium crystalline.
Light gray 1imestone usually is micritic and often contains tiny
darker gray.specks‘that may be foraminiferal remains. Dark gray
1imestone usually is fine to medium crystalline and often has a
‘bituminous odor. Much of the 1ight gray limestone contains thin
(1-4") interbeds of black chert which reduces the calcium carbonate
content of the rock. Limestone, in general, forms more prominent
outcrops than the other rocks in the area, No attempt was made
to correlate limestone units in outer areas with those in
Permanente Quarry.

sz - Shear Zone. Isolated blocks of Franciscan volcanics, sahdstone,
limestone, and chert in a sheared matrix. This unit is typical

Franciscan "melange."”




MAP_AREAS: | 9

AREA 1

Area 1 was mapped primarily by E. Mathieson and J. -TaL

" Structure:

Outerops in the Black Mountain area, as ih most of the. Pe’rman‘enté property,.
are rare. Bedding attitudes have no systematic pattern. The large-scale
structure appears to consist of wide northwest-trending bands of ‘Fr\énciscan
volcanics separated by wide shear zones. The shear zones contain large,
resistant blocks of limestone that form ridge-top outcrops. There are few
outcrops of other rock types.

Limestone |

The southwest corner of the property contains many prominent but scattered
limestone outcrops. Some. occur as Jarge ridge-top or hillside -exposures, but
many are small and isolated.

K. E. Grimm, whowas the chief geologist for Permanente Cement Company
in the early 1940's, conducted an ex-p'lm"atilon program in the Bl aok"Mounfainf
area. His reports (Grimm, 1943, 1945) were based on extensive su¥face mapping,
trenching, and drilling.. Grimm concluded that the outcrops are "local isolated
remnants of an earlier larger mass." Our field work confirmed that the outcrops
are is’o'!,qt‘éd; but they probably are small fault blocks within a shear zone
rather than erosional remnants of a 1arge ridge-top body of 1imestone. The
blocks of limestone probably are 'vseparated' by a less-resistant matrix of sheared
vol{c-an'ics, sandstone, limestone, and chert. Such *melange” zones are charac-
teristic of the Franciscan assemblage.

Grimi {1945) recognized limestones of two different ages in the Black

Mountain area. He used microfossils to correlate the younger 1imestone with

the Yupper light" (low grade) limestone at the permanente quarries. We were

unable to distinguish limestone of different ages. Most of the Black Mountain
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limestone assayed as high grade, and approximately one-fourth has a bituminous
odor Tike that of the black high grade rock in the quarry. In Area T, one-third
of the bituminous rock is dark gray, tWwo-thirds is medium gray, and one-tenth is
light gray. Of the total Timestone mapped in the Black Mountain area, most is
medium gray, micritic to fine grained, and highly fractured.

We mapped more limestone outcrops than shown on Grimm's map, but most
of the preyiously un;ﬁapped outcrops are very siiall. The dimensions of out-
crops, shown on Grifim's map disagree with dimensions cited in-his text. Although

the precise locations of his drill holes are unknown, his drill hole assays

' (Appendix) and our geclogic map can be used to make a rough estimate of 1imestone
tonnage. available in the area.
. The three 1945 drill holes that penetrated limestone give an average

of 155 feet for the mifimum depth of }imestone at the hole locations. The
drill Hole results suggest that the boundaries of the 1imestone bodies are
near vertical; most holes drilled near the edges of the 1imestone exposureswithin
the: limestone did not pass out of the limestone. Those drilled just outside
the limestone exposures did not penetrate limestone. If one assumes that 150
feet of limestone underlies each of the four largest areas of limestone in
Area 1, the tota) tonnage of limestone in the four areas is approximately 15
million tons. Because the geologic structure of the area could not be deter-
mined from surface mapping, we are unable to’infer the presence of addijtional
concealed Timestone bodies. Three of the seven drill holes were outside the
areas of Timestone expostre, and none of the three intersected limestone at
depth (average depth 143 feet). Mevertheless, additional Jarge blocks of linestone
‘ may lie beneath the surface in the mapped shear zones.
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Other Rock Types

The shear zones in Area 1 contain, in addition to limestone, small blocks
of Franciscan volcanics, sandstone; and chert. Volcanics mapped in the shear
zohes. are exposed exclusively in road cuts and stream cuts. A small road-
cut exposure adjacent to the limestone at #132 consists of highly weathered
dark green vesicular volcanics. At #145, a small outcrop consists of dark
purplish-brown, porphyritic-aphanitic rock with olive-gréen phenocrysts. At
#1161, ],imtestbne. is in faylt contact with dark green pyroclastics or brecciated
yolcanics with a calcite matrix. The volcanics at #162 are extremely sheared
and consist of dark green and dark purple pyroclastics and vesicular rocks.
€alcite amygdules fill some of the vesicles. The sheared outcrop nearby, at

. . #1_63, js. a Tight yellowish-brown volcanic vock.
Sandstone crops out in both shear zones in Area 1. Adjacent to Monte

Bello Road near the western Kaiser property line (#142, #164, #211, #213)»

the sandstone is medium borwn to dark gray and fine grained. Near the point

‘where Monte Bel16 Road crosses the southern Kaiser property line, dark gray

to dark brown sandstone (#119, #221, #222) is associated with chert. Dark

gray chert at #118 and #222 is brecciated and recemented with silica. Black

chert with phosphate (?) nodules occurs at #120, and both red and black chert
occur at #149. °
Two distinct northwest-trending bands of volcanics bound the shear zones

" §n Area 1. Thé northwestern half of the southern band (#129, #130) includes

dark. green vesicular basalt(?) ‘witﬁ calcite -amygdu':!es.. At #135, vesicles are

£illed with pink and green quartz(?). The southeastern half of the southerh
‘« band consists of dark green aphanitic to finely crystalline volcanics (#Q‘a;f,
#Q_Q) and dark green porphyritic-aphanitic volcanies with rounded black
phenocrysts. (#217, #218. #219).




12
AREA 1 (Cont'd)
The wide northern band of volcanics continues both northward and eastward
into Area 2. In Area 1, the band includes dark green greenstone, fine to medium

grained, with abundant olivine crystals (#175, #177, #178). Outcrops at #177

and #178 are extremely sheared. Other outcrops (adjacent to #1177, #179, #180,
#181, #lgg) consist of dark green to dark gray éphanitic to porphyritic-aphanitic
volcanics and pyroclastics. Phenocrysts are black and rounded. Outcrops at
#32 and #180 are very sheared.

There are no exposures of the Santa Clard or Monterey formations in

~Area 1.
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AREA. 2' (Cont"d)
Two diamond dri1) holes. (ODH 802 and DDH 803) were drilled in the large body
of liméstone on the south bank of Permanente Creek in 1981. Both were drilled at
a 45° angle into the hill, one to 300' depth and one to 400'. Except for minor
jatrusives near the surface, the holes penetrated only limestone. A conservative
estifiate of }imestone tonnage in this body, above the creek bottom, is 7 million
tons. The ~d'r~iﬂihg— results imply that at least an equivalent tonnage lies below
the creek bottom. Therefore, the steep south bank of Permanente Creek contains
at least 14 million tons of limestone within a short distance of the present quayry.
Another large body of limestone, on the north bank of Permanente Creek
" where the creek makes a wide bend to the south and bends back to the north, was
_quarried in the 1950's. Most of the useful rock is believed to have been removed
‘ in this area. ' |
Three smaller limestone bodies and several small, isolated outcrops were
mapped in Area 2. A linear series of apparently connected outcrops (#42, #43, #47)
uphill from the main limestone body south of Permanente Creek covers an area of
approximately 70,000 ft2 and is surrounded by sandstone. This Jimestone is light
to dark gray, has a bituminous edor, and assayed as high grade. A smaller
(50,000 ft2) linear s,vevries of outcrops father west (#84, #85, #86) is medium to
dark gray limestone and assayed as medium to high grade. There is red chert in
one of these outcfops. A ridge-nose body of limestone near the western edge of
Area 2 (#78) covers. an area of approximately 150,000 ft2. The rock is light to
dark gray, contains some black chert, and assayed as médium grade on the average.

Other Rock Types

The most continuous rock unit in Area 2 is. a wide northwest-trending

‘ band of volcanics that includes all of the northern portion of the area and
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extends to the southeastern corner. The northern east-west trending ridge is
uiderlain primarily by pyroeclastic volcanics (#8‘, #15), some of which are
extremely sheared (#4, #5, #199). The southern half of the volcanic band consists
primarily of aphanitic and porphyritic-aphanitic volcanics with black, light
blue, white, or Tight green phenocrysts with rounded edges, The 'southeéstern
Timit of this volcanic band extends into Area 3B.

The large body of sandstone immediately south of the limestone exposures
on the. soith bank of Permanente Creek contains sﬂtston'e as well as gray sand-
stone, OQutcrops #48 and #49 are sheared. A second body of sandstone underlies
the mined-out 1imestone body on the north bank of Permanente Creek at the bjg
bend in the creek. A third body of sandstone is exposed east of the fault

’ that truncates the eastern edge of the sbuth—baﬁk 1imestone body. The three
outerops (#38 #44 #45) are medwm to dark gray graywacke

The southwestern corner of Area 2 is underlain by the eastward extension
of a shear zone mapped in Area 1. It includes two small limestone bodies,
described above, several smaller isolated 1imestone outcrops, and several out-
crops of sandstone and volcanics.

No. rocks of the Santa Clara or Monterey formations were mapped in Area 2.
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AREA 3A
This area is the north-facing slope below (north of) the 1500' skyline ridge
of the Permanenté Quarry. It was mapped by E. Mathieson and J. Tal.
Structure
fhe extreme upperi(southern') portion of the north-facing slope that makes
up Area 3A is underlain by Timestone that probably is continuous with the lime-
stoné exposed in the north faces of the quarry. The Jower siope is underlain
by volcanics. The east-trending limestone/volcanics contact is of unknown
orientation and type.
The center of Area 3A is underiain by an ancient major landslide mass.
The mass probably is a totational slump block that s1id during wetter climatic
:,i:onditiqns severa) thousand years ago. It covers an area approximately 700
. feet wide and 1400 feet long, and it may be 50-100 feet thick.
Limestone
Limestone forms the only outcrops above 1400 elevation on the slope.
Most of the limestone is thin-bedded and contains minor amounts of chert.
Ten samples averaged 86.1% CaC0;. We could make no generalizations about the
structure along the ridge,l but the exposures suggest that the limestone on
the north-facing slope. is continuous with that exposed in the north wall of
the quarry. If so, the northeastern skyline’ ridge of the quarry probably contains
2 million tons of limestone between the 1400- and 1500<foot elevations. Mining
in this area is. restricted by a ridgeline protection easement.
Limestone also crops oput over an area 600 feet long and 500 feet wide
on the surface of an ancient major Jandslide mass (Location 3A-1). The mass
probably is a rotational slump block. 1Its original position was farther up

. the slope to the south, and the imestone in it may originally have been
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continuous with the 1imestone mined from the upper quarry in the 1940's and
1950's. The thickness of limestone in the block in unknown. A 50-foot thick
bady of limestone would contain approximately 1 million tons, the mining of
which is restricted by the same ridgeline protection easement. The outcrops
in the slump block are low and aré surrounded by dense limestone rubble. Most
of the outcrops are recemented limestone breccias, and many of the clasts are
bituminous. Seven samples averaged 90.0% CaCO;.

Other Rock Types

The volcanics in Ared 3A are primarily pyroclastics (#191, #193 - #198).

Some (#192, #200, #201) are dark green or blue-green porphyritic-aphanitic
‘ rocks with rounded blue or black phenocrysts. Greenstone is exposed at #223.

No rocks of the Santa Clara or Monterey formations were mapped in Area 3A.
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AREA 3B

Area 3B was mapped primarily by E. Mathijeson and J. Tal. Portions of this
area would be affected by a recently proposed waste vock disposal system. The system
would include a conveyor 1ine in Permanente Creek Canyon and a waste dump in
Bryan Canyon, the valley southeast of the plant garage. The western fourth of the
conveyor alignment coi,ncvides roughly with the location that in 1971 was proposed
for a waste dump in Permanente Creek Canyon.

Structure

The primary structural feature in Area 3B is a northwest-trending fault
z0ne that is considered to be an extension of the Berrocal fault zone (Sorg
and McLaughlin, 1975). One main strand of the fault extends from south of
Area 3B northwestward into Permanente quarry. Its location is marked by topo-
graphic anomalies on the main southéast-trending ridge south of Permanente
Creek and by a 500-foot-wide shear zone jn Permanente Creek Canyon.

Thé second main strand of the fault zone extends from south of Area 3B
northward along the road from the Voss quarry to the plant garage. It separates
Franciscan rocks on the west from Santa Clara sand and gravel on the east.

The lotation of its northern extension is uncertain. Rogers and Armstrong
(1973, Plate 1) mapped it northward through the plant area: Sorg and McLaughlin
(1975) mapped it northwéstward to the west of the plant, along the central
segment of the contact between the Franciscan assemblage and the Santa Clara
formation. We did not resolve. the discrepancy.

Major contacts in Area 38 trend northwest. There are no wide shear zones
1ike those in Areas ] and 2. More coherent blocks of individual rock types

are exposed.
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Three large, ancient lands1ides have been mapped in Area 3B. Like the
large slide in,ass in Area 3A, these are deep bedrock slides that probably moved
during a wetter climatic period. Nevertheless, they might be reactivated Sy
extensive grading. The slide mass at Location 38<] appears to be a slump block.
1ts toe may be supported laterally by the i1l under the rock plant Toading
area. The proposed alignment of the waste rock conveyor crosses the top of
this landélide, deposit.

The. proposed conveyor alignment crosses the lower portions of two massive,
ancient landslide deposits (3B-2 and 3B-3) on the south wall of Permanente
Creek Canyon in addition to the smaller slide mass at 3B-1. These are complex
slide masses that include smaller, more recently active Tandslides along Perm-

' afente Creek (e.g. 3B-4). Much of the proposed conveyor alignment traverses
the large, ancignt slide masses s1ightly uphill of the oversteepened slopes
along Permanenté Creek that are most susceptible to slope failure. These potential
sTope stability problems would affect design and construction of the conveyor
Tine. |
Limestone

‘ The only significant limestone mapped in Area 3B is exposed in an area
at least 700 feet long and 560 feet wide at the east end of the short ridge
above the rock plant loading area (Location 3B-5). Bedding orientations and
the outcrop pattern suggest that the 1imestone body is truncated by a fault
on the southwest, and limestone exposed at the upper switchback on the road
at the east end of the ridge (#80) is pervasively sheared. The average depth
" of the 1imestone probably exceeds 100 feet. This ridge is estimated to contain

approximatély 8 million tons of limestone.
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A small (10,000 ft2) exposure of limestone in two road cuts west of the
yoad to the Voss quarry (Location 3B=6) does not appear to be continuous with
the limestone at 3B-5, but a Tong, narrow afea free of outcrops lies betﬁeen
the two exposures. That area might be underlain by limestone, and the limestone
body exposed at 3B-6 may be more extensive at depths.

No outcrops were mapped on the slide mass Jjust south of the rock plant
loading area (Location 3B-1). The soil on the flat top of the slump block
contains intermixed fragments of limestone, sandstoné, and volcanics. Limestone
fragments predominate and are most abundant at the east end 0f the knob. Much
of the slump block may consist of limestone that originally was continuous with

' the limestone on the ridge to the south, at 3B-5. The total volume of all rock
in the slump block is about 1.5 million cubic yards. If 1imestone makes up
half the volume 6f the slump biock, the block contains approximately 1.5 milljon
tons of limestone.

Cohstnuctioﬁ of the pr0posed'wasté rock conveyor~would restrict mining
access to limestone in the slump block at 38-1. It might 1imit access to the
limestone at 3B-5. It should be noted that the northern extent of the 1imestone
at 3B-5 is unknowh; it may extend downslope to the proposed conveyor alignment.
The maximum total tonnage of limestone at both 3B-5 and 3B-1 is unlikely to
exceed 14 million tons.

The presence of thick travertine deposits in the creek bed between #62
ahd,igi indicated that 1imestone is present in the ridgé above, but none was

mapped.



21

_ARER 3B {Cont:'d)
Other Rock Types

The best exposures in Area 3B are in Permanente Creek Canyon. The
westernmost sandstone body is limited on the east by the main western strand
of the Berrocal fault zone. It consists of dark gray graywacke with some shale
(#15, #39), Graywacke blocks predominate in the 500-foot-wide shear zone to
the east. There are occasional blocks of volcanics, and some are covered with
travertine.

A ‘wide porthwest-trending band of sandstone underlies most of the northeast
and east-central portions of Area 3B. The sandstone on the north wall of
Permanente Creek Canyon upstream from the vroad vock surge pile consists primarily
of fine-grained dark gray graywacke with some dark gray siltstone. The sand-
5t0ne downstream from the surge pile {#46-53) is fine-grajned, foliated 1ight
green graywacke,

Most sandstoné outcrops south of the slide mass at 3B-2 are dark gray

. graywacke. Sheared graywacke at #58, however, is foliated and 1ight green

Jike that in the main canyon. The green color may:-be produced by chlorite
that formed during incipient metamorphism during shearing. The sandstone at
#158, adjacent to the eastern branch of the Berrocal fault, is extremely sheared

and weathered, The south end of the same road cut contains sheared fault blocks

of volcanics and sandstone.

A fault block of thin-bedded red chert is éxposed at the northeastern
edge of Area 3B and extends into Area 4. 1t contains some interbeds of black

chert and has abundant manganese stajns.
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An 800-foot wide band of volcanics is exposed east of the main western
strand of the Berrocal fault in Permanente Creek Canyon. Most are dark green
and aphanitic, but some individual outcrops (#22, #34) contain dark green aphanitic
tocks and dark green or purplish-brown porphyritic-aphanitic rocks with rounded
black or blue-green phenocrysts. The ‘yolcanies at #35 are varied and include
some graphite veins which suggest that the rock has undergone ‘p\a'r\ti.',.a]
metamorphism. The eastern edge of the band of volcanics; adjacent to the sand-
stone contact, consists of greenstone. The rock i dark green, is fife to
medium crystalline, and contains. abundant olivine and prominent plagioclase
crystals,
In the southern half of Area 38, volcanics occur along the main southwest-
. trending ridge on both sides of the western branch of the Berrocal fault.
They consist primarily of pyroclastics, but most of the outcrops at the northern
end of the Voss property consist of interbedded(?) dark green aphanitic and
pyroc¢lastic rocks; Outcrops at #64 and #262 are purplish-gray porphyritic-
aphanitic rocks, Two outcrops, #65 and #34, contain both greenstone and
- pyroclastics.
The entire area proposed for a waste dump in Bryan Ganyon is underlain
by sand and gravel of the Santa Clava formation. Because the north-northwest-
trending fault that forms the western boundary of the Santa Clara formation
jn this area dips steeply to the east (Sorg and McLaughlin; 1975), some
limestorie may underlie the west side of the waste dump area at depth. The

tonnage is not expected to be significant.
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AREA 4
Area 4 was mapped by M. Beers, S. Miﬂzier, E. Mathieson, and J. Tai*. It
includes land owned by Kaiser Cement Corporation, Kaiser Aluminum & .Ch‘emiéa.]
Corporation, and the Midpeninsula Regional Open Space District.
Structure
The eastern edge of Area 4 ihc1udes 3 contact ibetween the Franciscan
assemblage on the west and the Monterey formation{?) on the east. We located
outcrops of Monterey formation(?) 1imestone. and mudstone but did not map the
contact. Rogers and Armstrong (1973) mapped the contact as a northwest-trending
fault of unspecified type, Sorg and Mclaughlin (1975) mapped it as a northwest-
trending west-dipping reverse fault. Not shown on Plate 2 are irregularly
~di’stﬁbuted‘ areas underlain by Santa Clara sand and gravel near the eastern
¢ edge of Area 4.
— The north-northwest-trending fault near the center of Area 4 coincides
approximately with the nofthern extension of the Berrocal fault mapped by Sorg
and Mclaughlin (1975). We Jocated it on the basis of (1) a zone of ext'remél y
sheared rock inaroad cut east of #60' and (2) a2 break in slope that coincides
with a sandstone/volcanic contact on the ridge between #206 and #207.
Limestone
There are few limestone outcrops in Area 4. Franciscan limestone crops
out over an area of »approxirnate"iy 100,000 ft2 on the end of a ridge just inside
the Midpeninsula Regional Open Space District property, at the' western edge
of Area 4, .Thve" end of the ridge miay contain 700,000 tons of }imestone. | The -
Jimestoné body appears to be the -eastern extension of the rock in the ridge that

forms the northern wall of the quarry. Samples assayed. as high grade 1imestone:
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A single large outcrop of dark gray limestone was mapped in the valley
northwest of the large water tank on the ridge north of the plant. One assay
was 95.3% CaC0,; a second was 42.0% CaCO,.

Limestone of the Monterey formation(?) is exposed oh a steep creek bank
at the eastern edge of Area 4. One outcrop (#209) consis‘{ts. of dark gray, thin-
bedded micritic 1imestone with no-odor. It assayed 75.4% CaCO,. An adjacent
outcrop contains red and grayish-green laminated mudstone, and a cave in black
sandstone in the same outcrop contains large crystals of white calcite. A
large cliff-forming outcrop (#210) consists of pinkish-white, micritic 1ime-
stone interbedded with red chert. The sample assayed 57.6% CaCO;. This lime-
stone is not .considered to be of sufficient quantity or quality for cement

‘ manufacture.

Other Rock Types

Sandstone underlies most of the southern half of Area 4. Most is dark
'gray and fine grained and contains abundant quartz. One outcrop (#22)
contains red chert. At #205, fine-grained medium gray sandstone is interbedded
with dark brown laminated shale.

Dark gray vesjcular basalt(?) is exposed at #207 and extends several
hundred feet downslope to the east. The rock contains calcite amygdules and
forms. odd-1ooking low, blocky, irregularly-angular outcrops with 1/8"-thick

white weathering rinds.




CONCLUSIONS: | 25

¥

2,

5.

Any. construction projects proposed for Permanente Creek Canyon should be

placed to permit future acecess to the large body of limestone upstream from

the 1150-foot elevation on the creek. Much of the southern wall of the canyon
downstream from the limestone body consists of ancient landslide deposits that
might be reactivated if extensive grading work is conducted, The southern banks
of the creek are oversteeperied and run-s‘tab"le in many places.

The eastern portion of the waste rock conveyor proposed for Bryan Canyon would
ﬁﬂi‘it- access to limestone in the slump block at 38-1 and might 1imit access

to the lirmestone at 3B-5. The maximum estimated total linestone tonnage in

these areas is 14 million tons.

" Placement of a waste rock dump or sanitary landfill in Bryan Canyon is not

expected to restrict access to any large bodies. of limestone.

The proposed westward extension of the west dump into the adjacent southeast-

trending canyon should not 1imit access to any limestone. Nevertheless, we

did not map the northeast ends of two ridges that extend into the canyon from

the southwest, and the geclogic structure is poorly understood.

The most promising sources of 1imestone not currently being mined are jmmediately

north and south of the quarry (Table 1). The first consists of (a) the
northeastern skyline ridge of the quarry, where an estimated 2 million tons

of limestone exist between the 1400- and 1500-foot élevations, and (b) an ancient
landslide mass that may contain 1'million tons of limestone. Mining in both

areas is restricted: by a ridgeline protection easement. The second potential
source is a large body of limestone exposed on the steep northern ends of two
ridges immediately across Permarente Creek from the preésent quarry. Field mapping
results and drill hole data indicate that this body contains approximately 7
million tons of limestone above the creek leve) and at least 7 million tons

below creek level.
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The Black Mountain area in the southwest corner of the property contains
approximately 15 million total tons of limestone above thé 150-foot depth
in the four largest bodies of limestone. Additional unmapped limestone bodies
may exist beneath the surface in that area and in the sourthern third of Area

2 to the east.




RECOMMENDATIONS FOR FURTHER WORK: 2

1, -Corré1atg 1imestone units in the north wall of the quarry with those exposed on
the north-facing slope of the skyline ridge.

2. Correlate }imestone units in the south wall of the quarry with those exposed
in Permanente Canyon.

3. Drill one deep -angle hole perpendicular to the dip on the next ridge west from
Holes 802 and 803, south of Permanente Creek.

4, If movre mapping is to be done in the southwestern portion of the property,
a bulldozer will facilitate access through the dense brush. The limits of
Timestone bodies will be more easily defined if trenches ¢an be dug.

5.  Map the unmapped south-central portion of the property.

6. Map the northeast ends of the two ridges that extend into the canyon that has

been proposed for a westward extension of the west dump.
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TABLE 1

SUMMARY OF ESTIMATED LIMESTONE TONNAGES

Location of Limestone

Black Mountain area

South bank of Permanente Creek.

Skyline ridge of quarry

Landslide north of quarry

S1ide mass and ridge above rock plant loading area
Midpeninsula Regional Open Space District Property

Total

Page

9 - 10
13- 14
"
16 - 17
19 - 20
23

34

Tonnage

15 million
14 million
2 million
1 million
14 million
700,000

46,700,000 tons
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PERMANENTE FIELD SAMPLE ASSAYS

Summier 1981

*Mapping | Raw | ___lgnited =~ Si0z2.- | Potential |
Sample r;ta,ti‘o‘n CaC0, |[Si0, Fe,0; AV,0, Ca0 Mgl ’W:O: CsS C;A
EM30052 8 91.2 ‘ ‘
EM30053 1 82.4 14.68 2.31 3.64 77.60 1.50 2.47 177.0 5.76
EM30055 22 85.5
EM30056 37 90.2 - ‘ _
EM30057 69 82.6 22.50 0.950 1.93 74.58 0.593 7.81 118.0 3.5
EM30058 70 55.2 N ,
EM30059 71 69.6 39.11 0.898 1.03 58.94 0.502 20.28 65.55 1.2
EM30060 74 79.0.  27.81 0.79 1.02 67.86 0.5 15.35 56,9  1.40
EM30061 75 92.6
EM30062 76. 91.3
EM30063. 77 91.0 | o o
EM30064 78 70.0  39.74 1,09 1.38 56.80 0.617 16.09 -B1.65 1,80
EM30065 79 68.0. 39,18 1.07 0.993 54.78 0.437 19.01 -82.93 0.826
EM30066 80 72.8  35.18 1.12  2.71 61.77 0.58 9.19 -35.7 5.30.
EM30067 8] 65.2 38.77 0.94 1.11 52.68 0.5 18.91 -89.0 1.40
EM30068 90. 76.0 32.71 0.768 1.14 64.97 0.539 17.17 7.19 1.1
EM30069 91  94.8 | o A A |
EM30070 92 80.8 26.65 0,767 0.829 69.78 0.556 16.70 74.89 0.90
EM30071 9 954 o
EM30072 106. 80.6 25.94 1,42 1.50 71.11 0.745 8.89 80.27 +1.57
EM30073 116 56.0. "
EM30074 122 92.1
EM30075 123 94.4
£M30076 124 91,1
EM30077 125 92.0 : - ~
EM30078 126 70.1 35.88 0.866 1.25 63.00 0.483 16.94 -25.89 1.85
EM30079 127 92.0 “
EM30080 128 78.8  28.32 0.706 0.883 69.82 0.477 17.83 62.08 1.15
EM30081 13 92.9
EM30082 132 2.1
EM30083. 133 94.9
EM30084 134 94.0
EM30085 136 78.9
EM30086 137 92.7
'EM30087 138 92.9
EM30088 139 93.7
EM30089 140 89.1
EM30090 141 88.7
EM30091 144 87.1
‘EM30092 144 89.8
EM30093 144 57,3
EM30094 46 90.8
EM30095 146 89.2 , , o
EM30096 147 66.5 35.62 0.968 1.18 54.32 0.398 16.56 ~-59.25 +1.50
EM30097 148 32.3
EM30100 143 50.7

*EM statioh numbers are enclosed in rectarigles on Plate 1. MEB station numbers are
equivalent to SM numbers and are circled on Plate 1,




PERMANENTE FIELD SAMPLE ASSAYS

Summer 1981

PMapping { Raw . __Ignited Sl?f’ |_Potential
sample | Station | CaCO, [Si0, Fe,0; AI, 0, Ca0  Mg0 205 IC3S C;A
EM30101 149 95.8
EM30102 165  85.4 | y
EM30103 166 68.5  40.07 1.01 1.49 56.63 0.378 16. 00 -85.46 2.25
EM30104 167 76.2° 31.35 0.756 0.842 67.97 0.0142 19.62  31.73 +0.953
EM30105 168 90.6 R
EM30106 169 76.3 32.47 0,593 0.898 66.40 0.0961 21.77 16.68 +1.37
EM30107 170 89.1
EM30108 170 93.4
EM30109° 171  95.2 | | |
EM30110 172 83.2 24.88 0.747 1.67 73.93 1.37 10.45 99,59 -3.17
EM3011) 174 75.9 34,85 0.807 0.775 64.16 0.423 22.03 -10.07 3+0.687
EM30112 190 88,7 | . ,
EM30113 209 75.4 21.99 4,78 1.48 69.58 0.917 3.5] 99,37 <4.17
EM30114 210 57.6
EM30115 212 91.5 , ,
EM30116 216 82.5 24.80 0.73 1.29 71.97 0.54 12.25  9A.80° 2.20
EM30117 225 9.0
EM30118 225 94.1
EM30119 225 95.0
EM30120 226 96.5
EM30121 226  97.0
EM30122 227 94.0 . ) |
EM30123 227 80.0 26,7V 0.916 31.29 71.55 0,599 12.12  78.31 1.86
EM30124 227 80.8 25.18 0.648 1.11 73.29 0.576 14.29 98.54 1.86
EM30125 228 95.0 }
EM301.26 229 74.4 35.03 0.853 0.86 64.18 0.494 20.45 ~11.92 +8.37
EM30127 230 81.0 25.65 0.506 0.615 72.79 0.574 22.87 9.54 +0.774
EM30128  23) 94.8 _ |
EM30129 23 75.8  32.98 0.677 0.66 65.55 0.549. 24.69  10.82 +0.603
EM30130 232 92.2
EM30131 232 92.6
EM30132 233 96.4
EM30133 234  95.6 | _ )
EM30134 235 77.2 30.66 1.10 1,13 68.02 0.551 13.70 34.74 #1.13
EM30135 236 82.2 24.32° 0.668 0.624 72.78 1.19 18.54 106 -0.49
EM30136 237 75.7 31.78 0.674 0.655 65.87 1.09 23.92 21.28 +40.59%
EM30137 238 84.4 20.47 0.630 0.875 76.30 1.32 13.60 148 -1.25
EM30138 239 82.6 25.35 0.686 0.984 73.40 0.715 15.18 98.53 1.45
EM30139 240 80.1 25.12 0.549 0.555 70.46 1. 43 22.74 91.45 +0.542
EM30140 241 93.4
EM3014) 260 96.2




PERMANENTE FIELD SAMPLE ASSAYS

Summer 1981
i apping Raw Ignited , 5/19{/ | Potential_
Sample | Station CaCO, Si0, Fe,0; Al 03 - Ca0 0 205 €3S CiA
MEBOY 64.4
MEBO2 92.4
MEBO3 91.1
MEBO4. 53.2
MEBOS 9.7
MEBO6 95.9
MEBO7 95,1
MEBOS 93.5
MEB13 62.3
MEB13a 13 90.6
MEB14 95.2
MEB15 97.9
MEB16 97.4
MEB17 17 98.2
MEB19 96.5
MEB20. 24 95.3
MEB21 24 42.0 o
MEBZ2. 25 83.0 2.36 0.387 1.07 95.65 0.801 1.62  31.80 -2.10
MEB23 26 93.4 , B S 7
MEB24 26 77.9 28,02 0.712 1.07 19.04 0.457 15.74  59.92 +0.163
MEB25 27 93.7
MEB26 30 95.5
MEB27 31 26.0
MEB28 33 88.0
MEB29 89.3
MEB30 40 96.1 ) _
MEB31 40 76.7 31.99 0.901 1.17 67.47 0.349 15.46 22.44 +1.57
MEB32 42 94.7
‘MEB33 43 91.1 .
MEB34 44 70.5 40,46 0.832 0.896 59.35 0.525 23.42 -73.09 0.966
MEB35 44 87.6
MEB36 45 9.2
MEB37 47 90. 4
MEB38 . 54 85.1
MEB39 78 9.2
MEB4O 78 91.0 o , ,
MEB4] 66.5 33.54 1,48 1.18 53.16 0.597 12.6) 48.50 0.603
MEB42 77.0 36.36 1.16 0.864 60.12 0.648 17.93 -39.06 0.321
MEB43 B2.6 23.00 1.05 0.925 72.68 0.627 11..62 11,3 0.669
MEB44 94..7
MEB4S - 96.7
MEBA6 92.0
MEB51 95,3 | , o o
MEBS2 74.8 33.52 0.821 1.01 64.65 0.412 18.30. 0.481 1.29
‘MEBS3 80.7 27.09 0,816 1.09 71.65 0.50 14.22 77.30 1.50




PERMANENTE FIELD SAMPLE ASSAYS

Summer 1981

*Mapping Raw | 44_47 Ignited i §i%g,, | Potential
Sample Station | CaCO, [Si0, Fe,0; Al1,0, Ca0  Mg0 203 [3S C5A
MB154 79 93.8
MB155 80 70.2 33.74 1.5 1.10 58.80 0.660 14,96 -26.06 0.9
MB156 81 86.4
MB157 A 85.1 ,
MB158 84 76.4  32.07 0.835 0.645 66.54 0.795 21.66 21.64 0.29
MB159 84 83.0 25.33 0.646 0.585 73.96 0.684 20.57 1.04 0.45
MB160 85 86.2

MB161 86 94.2
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PERMANENTE CEMENT COMPANY
INTER-OFFICE MEMORANDUM

pate  August 27, 1945

:-) Jo We Sbarp

sroM Os

Ju ;c‘p.

U. A. Rhoades

) bG. aﬂu . e '
Wx:%. Xnuth SUBJECT ‘Test Hole Anzlysis
COPIES TO | EoL. Mckaster
$FERRING TO

Attached hereto is a report of the carbonate
values on Test Holes Noe 52-43, 5345, Su~h5 and

55-45, from the Wop of Black Mountain.

Samples were taken and carbonate determinations

maae for every five feeb o} depthe

0zJ/ab
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e " PERMANENTE CEMENT COMPANY
INTER-OFFICE MEMORANDUM
‘ DATE August 3L, 1945
JO Je W, Sh_arp
el 4 FRoM  O. E. idagk

RS S

D¢ A. Hhoaaes

daale nail o
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