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Abstract:
An attempt has been made to determine how the silts in connection with a particular laccolith gained
space for themselves. She study was restricted to a small area where the andesite porphyry in the form
of sills and elliptically shaped bodies referred to by the author as "eyes", of the neighboring laccolith
has intruded the' Meagher limestone.

Chemical and petrographic analyses, as well as specific gravity and structural measurements were
utilised in ah effort to find a solution. Chemical analyses for calcium, magnesium, and carbonate were
used as a measure of possible assimilation of the limestone by the intrusive.

She specific gravity and structural measurements were used to estimate the amount of space gained
through brecciation and Mechanical displacement. The analyses for calcium and magnesium were
carried out by means of a Beckman Model DU spectrophotometer with any oxy-hydrogen flame
attachment. The carbonate content of the samples was determined by titration.

The results of the chemical analyses and the specific gravity measurements were expressed graphically
so as to observe the variation of the samples in relation to their position within the sills.

Assuming that the sample showing the lowest amount of calcium represents most closely the original
uncontaminated magma, and that the original magma was homogenous throughout the amount of
limestone assimilated was calculated. On the basis of the calculation it appeared that from 0.3 to 2.5%
of the volume of the sill had been gained by assimilation. The remaining space had been gained by
purely mechanical means.

Many problems remain before a more exact Solution can be arrived upon. 
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An attempt has' "been nMe to1 determine ■ how the' sills" in,' 'cotinectloh with a particular' laccolith ̂ ined.tipage for .thetiseltee= .ibe study 
•was restricted to a "small area there" the andesite' porphyry in the form 
of sills .and eillptlcally shaped hodiesy.ref erred, to by the ,,author as 
,.,”̂ yes"> of the helghboriug iaceolith 'hhs ,intfad# the'- Meagher 'limestone*

Chemical and,petrographic analyses,, as well as specific gravity, and 
-Structural measurements■:were■ ■ utilisedl rIh ah'effort tti fiAd a solution. 
Chemical analyses for calcium# magnesium# and: carbonate wre used as a 
measure of'possible assimiiatlon of the limestone 'hy the-intrusivê
She specific, gravity ,and structural measurements were .used to estimate 
the amount of space gained' through Wecclatlon' and mechahlcai' displace­
ment. She analyses for calcium and .magnesium were , carried out by means 
of a %ckmah Model'1#' spdeirdphoto&eter' with : o%?hydro6eh flame1
attachment, fhe carbonate content of the samples was determined hy 
titration.

fhe results of the chemical analyses and, the specific gravity measure­
ments were expressed graphically so as to observe the variation of the 
.eatables in relation, to their position. within the sills.
. Assuming that the sample showing the, lowest amount of calcium, rep­
resents most closely the original uncontaminated magma, and that the 
original magma Was homogenous throughout| the amount of limestone, assim­
ilated was calculated. On the basis of the calculation it appeared that 
from 0.3 to 2o5f» of the volume of the sill had been gained by assimilation. 
She remaining space had been gained by. purely mechanical means.

Many problems remain before a. more.exact'Solution can be arrived, upon.
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Thus-ve have -a problem -which Se erbremely complex̂  and which probably 
■defies eWc't solution̂,-, yet. remains Intriguingiy interesting.
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Ao Co Paalej, 18965 x<ra8 responsible for the only other Study made 

o f the Squaxv Creek sills» In Ms work, he Simply indicated the pre­
sence of these sills at the junction of Squaxr Creek and the West Gallatin 
Biverjf and identified the rock composing- the #111# as an andesite porphyry. 
It was assumed from his work that these sills are part of the Bone Moun­
tain laccolith System, because of the similar rock type, and fairly close 
PfoMmity9. She laccolith of xrhich these sills, are .a; part has been referred 
to by the author as a cedar tree laccolith, because of its Similarity in 
appearance with a cedar tree laccolith by the Vlatava Eifer in central 
Czechslovakia which was described by R» Kfettnef, (Hunt,;. 1953)?

. ' ' i , , ■. •. 5 , ■ . i . 1 • '• * ,

BSSCRIPIIOH OF ABEA1 . ;• ■. V .. I '. .: •.; ■
The area where: this Work was done is about S3 miles, southwest of

Bozeman,- in Gallatin 'Canyon,, at the junction of Squaw Greek .and. the West
' V ' ,  : • :  ■ • ■ i ■ :  ' '  1 '  1 .

Gallatin Eifer?
The Gallatin Bifer in the process of cutting the canyon, has exposed.. . '' . • \ • : \ -r. I'- ■ X ; ;/■ ...■'

about 2500 feet of sedimentS0 The bulk of these sediments, are limestone,
• . ; ',I ; s' : ' : v l j :i i: ' i' : '
ranging from the Mealier limestone (Cambrian), to the Mission Canyon 
formation of the MaSiSon limestone (MiSSisSippian)., There are many 
andesite porphyry sills present in these sediments,- and the biggest sills 
are associated with the various shale beds,, either directly Within them 
or on the contact between the Shale and the limestone?

■ . • ■ ' ■ I 1

In the accompanying photograph (Plate I) only the lower-most cliffs 
formed from the Meagher limestone are- .shown,, 'These cliffs rise vertically 
for some 250 to 350 feet? There are Several sills and three large eyes 
of andesite porphyry present in the faces of these' cliffs? It was upon



Plate I



' -fehbse that -tiil̂uWbsk. IiBg #e#:
3&8S9B&iŵ $gBaR 58r\ewWMQ2GB#»-

y ;.Si order ■ to fe@t|ihte- tile ■gwt. played, jfy- & 0 $ g a i as 
a. iseans of ̂ ,$D$hg ̂ hoh> .#'#s mooehss^'to ohtâ %.0#t%o:''of. s'W#leh' 
fjfdtt e&eh. /fkogb-fee%iOh--̂ re W sbh- irdii % k # # w #  • * & #  tho
siii.; tW1 '■ -:̂ M -ir’oM the.iSnestohe heio^ the:.:s&ll̂  % e  problem
of ohtafnihg ;suOh; suites1 of samples from' the face of b' large oliff ■ 
pgWeE to he Somewhlt'. " * "

fIhst these. .olHfh' W  h#ei#gk Ih
this Method, the hope id passed ar'owid OtiSfer hoagr Sh -a p^ticular #y* 
and the friction thus created - is used to control the fate of descent=
fhfs .method W  discarded̂  as St was not -satisfactory .0

The method which met with the most suede# involved # e  use of a 
B̂osun's" chair and a hloek and. tackle, Figdre I is a sketch of the 

'lJchsihw -add the. rigging<, # e  materials Used ,in rising, the chair were. 
600 feet of 3/8 inch #m|la rope, 50 feet of l/8 inch steel airplane' 
cables Cable Ciaanps5: two blocks with a pulley diameter of 3 inches ? 
and one Idneman8S Safety Belt and Harnesŝ  Style number 1306, 
ufactured by the Buckingham iSnuf.aeturing Company* Binghamtonj,, N, Y.'

The sampling; chair Was assembled., as followŝ  the airplane cable 
was fastened to a small, tree at the top of the cliff by passing one 
end of the cable completely arouhd the tree, and clarplng' this end to 
the rest, of the erne by means of. two: cable slamcso 39# other end • 
of this cable was fastened to. one of the eyes on the- block in the Same 
manner . One end. of the rope - was now ,tied te- the ■ other eye. on this:



same block and vas taped with friction tape for several feet to 
W p  prevent- wear of the rope against the cliff» She rope was then 
passed down through the lower block around the pulley and tip through 
the pulley on the upper block and this free end was allowed to dangle. 
By attaching the seat to the eye in the lower block by means of a. 
earabiner of snap Mnks and pulling on the free enti of the rope> it 
was possible to lift oneself tip the face of the cliff and sample with 
comparative ease,-

.Ihis method overcame the difficulties incurred by the method Of 
repelling, Ihat is, it was much more comfortable and to a certain 
extent, sampling - Under overhangs was possible, So., sample -under- the 
overhangs pitons. were driven into- cracks on ..the rock face and by tying 
a rope to these pitons and then to the'-.'chair, the chair was anchored

;V
to- the cliff P- This method of saWing!under overhangs by use of pitons. 
was not too Sticcessftils Since in driving- in?the pitons they had a 
tendency to Stope out a large block of rotik directly above ones* 
head, If the- work Were to continue' this was to be avoided.

Another difficulty in using, the Chair Was that the ropes had a. 
tendency to tangle or wrap around one another, fhis made pulling 
oneself up. the cliff a rather strenuous proposition,

In sampling, the cliff the following procedure was carried, outs 
an unweathered sample from & to b inches in diameter was obtained,
This sample was. then labeled with mashing tape and, given & number,
The sample number along with its description and position fn relation 
to the Sill-limestone contact were recorded? in a notebook.
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Wor labeling purposes each of tM.mayor cliffs or- outcrops #s 
designated, fey :$ Bcmaa numeral̂  and since tl̂ se, outcrops feed several.
■sills and w e  them5. me feutcr#s. were tfeeu derided into
iafeeied Ag &* 6», etc, These section letters. usuaSy referred, to .a 
8iJ*sgLB W  or & section of a Bill, - WASy tfee# a#w&%s or w e  #ra 
large enough so that tfo vertical sailings- Were. desired, The first 
sampling was Iafeeied as !̂ horizontal, and the second as Ŝ horlsontal, 
After this the samples Wefe iafeeied 1> S, 3a etc. starWg-Wibh I,- 
as the topmost .sample and preceding downward. Thus, a. sample ml̂ irb 
fee Iafeeied IlBaSliy5, meaning outcrop -section B, first horizontal 
sampling, the Ilbh W W a l . samplê ,

•specific gravities of the samples thus obtained were measured with 
a Joljy fealance= Bufesequently they Were broken Up with a hammer., #d 
fun thropgh a Braun, pulverizer. The powdered sample, was poured, out 
on a large sheet of paper and was mixed fey folding .opposite, .corners of 
the,paper over one another, producing a. rolling and tumbling motion 
of the sample* After thorough mixing, the sample was. heaped #. the- 
middle of the paper and a smaller sample was taken fey removing ,small 
scoops with a- spatula, from different points; on. the pile. These scoops 
were then, placed in an agate, mortar and ground as finely as possible. The 
resulting powder was transferred to a "pill box". #  was this.: staple 
that was used in the chemical, analysis,

B#SW##T SB PlSGfegSIQH' OF WmTlGS f B C M S  :
Because Of the number of analyses, it, WUS felt, that a rapid analytical



(10)
iiietliod for caleliM asd 2Dagnesium», W  I^estpno and #e spfcates would, 
be desirable» As flame photometric aetezminatious oh the allsalai. and 
alkaline earth metale liave proven both rapid and, '#$te aoehrate* #h 
analytieal method for the determisaatipa of and ma#es#%
htil|.2;|hg this instr#eht to offer the greatest possibilities'
of meeting the requirements of both speed- and adptiraoy,

DiSSOHSlGS OF HQCK S#TO0. :
... $he-first prohl# met in the development of a proeedtsre- was thht- of 
dissolving the sampleŝ  She limestone presented'.ho -d|ffienifiee p t  

this respect, She powdered.■ sample was moistened slightly with Water 
to ■ avoid spattering; when ■ a mixture of Concentrated nitric and: per? 
chloric acids was added. # #  perchloric insured solution Of the 
samples .-and. complete, oxidation ofany organic matter present. She 
resulting solution-was then heated to moist dryness fo: remeve -excess 
perchloric .acid, epd the residue wag taken %-;&&#&* SSi*

In order to bring the sill rock into solution two methods were tried. 
She first- was the classical ,sodium carbonate fusion -of the powdered 
sample* :4fter the fusion the csrhonafe was destroyed hy addition of 
S3, end. the silica was d#ydrated* @h|s .method -was discarded for three 
reasons::, ...

i-xs "fhe fusion and. destruction of/the carbonate was lengthy.
Si. • $he -fusion iw#vcd the addition of sodium, to the. system̂  

whlch-was: to he afoided: hecatise of the;-enhancing effect of sodium, -on 
calcium and magnesium flame emissions.

3, The fusion gave a high salt Concentration which.resulted



xa clogging of " the: tstirnê  .and erroneous results,. -
' She second :̂ thodyy.and'the one- that met:;#th the;- most success; Is to 

•treat the pothered sample In &- platinum;̂ ucxble xtith 8 ml.. %- and S ml» 
and take to SrjraesS''slowljf- ',on the hot plate.. Bile method had

. - the advantage'that;'the''time'repaired to dissolve, the-sample .and take ■
. . .  ' "

’•:5;V'C|'to dryness ls;'̂ airl3r'Shorty'aroMd'l.'.’l̂ 'to-S-'hours.'' -#e reaeoh
\ . :.:i-' .'the dehydration . takes' this - long IS that care, has to he taken to avoid 

'" p̂ettering'- .thersaĥ le'when .heating- ^n--Crucihie en the hot plate®-
■ dn& possible disadvantage ofithls method -Ie:.that'it. adda fiouride' 
ions' to the system®. ' She llourlde ion.must be:removed because- of its
depressing '-effeet'- on: the: CaiciUm-̂ lame emisSieh«-.''and:-beCause-it in­
terferes with the complete precipitation, of alutiinum̂  1900*
■She removai'-ef the flu#ide ien;.p#sents'..no.\dlffic#tie$#- ',since :leicĥ
has pointed: Out that complete removal can be affected by taking 
perbhleriĉ hydrofiuoric ecid mlikttirê to drsnesŝ  taking, up in more .
. perchloric'dcid and-'takihg''-again'.' to dryness..- - besides being ndcWsary
for the- removal of the; fluorideŝ - the perciSoric. converts the remaining, 
ions to soluble perchlorates. ■ -v -■ ' - ■■ ■ i - . v . -

She major obS#Cle In 'Connection .with'-the development, of' a-fla# 
photometric procedure' f or ealeiurft and: magnesium was the problest- of inter­
ference, due to other" ions.■; ''Sbevprincipal ions'Causing-'interference;''are • 
Pe^.- A l %- , _ . / - ■ , I' ' ' '
I. Hlllebrand (19̂ 9)
2» '



W
A? can be m m  M om the graphs- In the appendix, iron and aliuaimua 

have a pronounced depressing efieet white . sodium has .an eniianeing 
effect? Baker, 1952, has Shorn that has a strong depressing
action, on the calcium emission, and that 0I%“ has an enhancing .effect= 
$ince iron, aluminum sodium, and. phosphate, are present In appreciable 
Quantities in most igneous rocks, it was necessary either to remove 
these ions or to minimise their eWets,? In the. case of the'iron, 
aluminum, and phosphate, the easiest solution was to- Sinply remove 
them? She phosphate W S  removed -by adding ZrOCl- plus some .asbestos. . 
as. a. carrier to; the-acid SoiutiOh "Containing the. dissolve#' ' * •* ■ I ■■ , 1 ' ' { . ' ‘ * . . . ■■ ■ ' ’ . , i
Subsequently the classical wet Wthod procedure for the removal of ■
iron an# aluminum W S  followed, She addition of 6 Ho- m%0E precipitated

. ■1 ' 1 1 * - . ' 
the phosphate as ZrCHIiOjijJg and. the iron, aluminum, and excess Mfconium-
aS hydroxides.

. '.!■ ■ ■ : '■
It W s  then necessary to remove- the- ammonium OaltS since too high '

a concentration of salt clogged, the burner on the flame photometer,
... ■ . '. • - :• v  V  - :: ..••;. ■■■■: "  • V  ' ■' ■

After the removal of the ammonium salts the residue containing mainly
sodium, calcium, and ,magnesium was taken up in #11, SCI and transferred,1 ’ V ' -V- - . i .: : ' y ..; : I' .'f; ■: •'
to a 250 ml, volumetric flask and diluted to volume. An. aliquot of this 

" ■■ •• ■■■': ■;•• • / ■■■■ . :'-■■■■ ■: ' .• ' 
solution was remove# and transferred to a 100 ml,, volumetric ,flask and'
: ' : ■ " ■ r’ v i' I:;? i'' . .r: -1 1 ■■' :
diluted to Volume, in order to obtain the desired concentration range, ■
I,- Curtman, (1938) .

-  .......

, ' i  f . . . <  .1 . ■;
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V .  i.

. , . Weigh out a 0.500 gm, sairole ,qf finely groua# Milestone: and transfer 
,.r, to a 3Q.0.M> tall form" fcsakerr' MS- 3jD- s^-'.eoW-W^- W  f-mlo ,aoneb

8£gti%. to #s au& ,tak#.'to: moist; #fyn#a,» on the hot plate* take
W 1S resiat̂ ' up in - ai-lute’ Wl-Wtitlon W  # Awr drops .
Ifethyl % &  indicator std-.two" #aW' ,heat -toV hoilihg. <*& the hot
plates ■ SeutraHse ■ irith,,6 -S #%#-.'#(&;## $' in exeeisŝ  Soil the 
Solution for I to .'3, minutes rani, Wn- allot1 the prWpltate t0'settie«; 
SecUnt through &■ rapid ,((Biatroan %l)r filter papervand m g h by decantation 
with- several. W  td's • portions.' of hot solution̂ , retain the •
filtrate and, Vashlnge-for the calcium 'and magnesium' analysis« ■ lake the. 
precipitate and, filter' paper, and: transfer' to #  Ieakerr add':. #  iti»- ;of -, 
hot d W W l  -arid hrfeau up-the;filter .paper'.$ith-'a stirring-rod.,' l%en 
the precipitate, ia; completeiy,, dissolyed' dlluf#: to; IOd ml*- #th -distilled

add'#-'#̂  solution;'-r#ecipitataas,hefor% adding the-,.filtrate 
and washings to the filtrate-from the' first preeipi-feation̂  ■ mshe .aCid-Vith 
Hdl end evaporate on hot-plate-* '■’ -Shen■ the-solution is almost- to Sryness- add
CpKCi- '-and'-evaporate,:.to-: ■ dryness* v^ate-Up the. residue, in:-dilute W l  1 ■
and transfer to a 250 ml* VOltimetric: flash (and dilute to volume With
distilled Head this-'-eolutloh-at 5l^ -for Caleitimj*-and;, at ;37i-'iS ■ , . ]

I
for magnesium* - •' ,-' = • '■ •*•••. . ■ . ;  - - ’•• , j

' :
Sill lock, I

- Weigh, out a1 OigOO ,gmv. sample of finely ground'SillroCh--Und: .transfer ' • I
to a platinum CruCihle*. Add 5 ml. ieonc*'. W ^  .and & mli eonc* Wl%» and >

' ' ’,V -.’. I-.: :  ̂ v! . . " I
take to dryness again, fake up this residue in HCl and transfer to a -



(]%)

. 300 ml. beaker . Add 2 gms, EHitCl and $0 ml. r̂OClg Solntlonj, (50 %
Zr per ml.) drop.by drop with stirring. Add .2 gm, asbestos and beat 
to boiling# M d  several drops Methyl Hed indicator and neutralise trith 
6 E. EHitOHo. proceed from here Mth the 'procedure outlined fob limestone.

. CAilBGmffi1 PETOSMieH.
. Mie -carbonate' content of the-andesite porphyry M s  estimated by 
treating a QogOO gm* Sample of the pondered rock Mth 10 ml. Hdl# •
0 9U825 Es Shis Solution Uae heated, to boiling, on the hot plate to . 
insure ,destruction of the: darhonate. After boiling' for a feu minute# 
the flask was: removed from the heat Und-MS1 diluted to a volume of 
IOO ml, Mth distilled, waters After this Several drops of phenol-?, 
phthelein indicator were added and the Solution WaS titrated to the 
phenplphthaiein endpoint Mth Standard EaGH 0.1007 E.,# and. the Mount 
of HCl .,neutralised. Was Calcvdafed.' fhe .difference between this cal­
culated amount and the amount HCl added, waf- due to neutralisation by 
the carbonate. Wom tb#. .Smount of HOl neutralised by %e carbonate# the 
percentage, of carbonate' in the sample was calculated. Assuming that 
all the carbonate present was .calcium carbonate^ the amount of calcium 
present aS a carbonate in the andesite porphyry was: calculated.

. . BHECIEld GRAVimr . .
®ie specific gravities of the samples. Were obtained by means, of #. dolly 

balancCo The following brief description of this Instrument is given by 
HurlbuiA.
1. A.Study of thin Sections revealed that Calclte M S  the only carbonate '

• present.
2. Hurlbutj,. C. S. jr.# (1953.) BlA-eS !BWAI,. #  MIEEBAlAGV 

Revised#; 16th Ed. gSr-gg.: Eiley & Sons# EeW fork. -



W
•. $he;. data to t- the- papulations of specific. ̂ .aYity ,
are, obtained %y measuring tide, Otfetehing of a spiral Spring1= Pfom the 
spring are suspended two small pernss. one above the other. She .apparatus 
i$, so arranged that the lower pan $# always, immersed in- a h#a#r of 
water whioh resting .upon an adjustable platform .can be placed at the 
required height =' 'In all types of lolly balances It is necessary to 
adjust the .apparatus so that index .of the spring ,$S at zero with the.,. • 
lower pan'immersed in water. The 'sample is then placed in the upper 
pan* .and the stretching, of the,spring Wa necessary to. return the indicator 
to zero is determined, by means of an affixed Sdale= the sample is then 
placed in the lower pan a# another adjustment*, and %  reading taken=, 
the specific gravity Ss then calculated by:

. , Ww
Cl W AwW%  *&■ %  "

TfiiW SSGtWS
The thin'sections used in'this study ware prepared by 6* S= Rev, 

Hew'Xorh= These, sections were studied by means'of an irnst'Reitz,
(Wetzlar): petrographic ‘ microscope = -

: ' ;  ̂ ' '

The. accompanying photograph ,'(plate It); in of outcrop SI' section-B=
The''dimensions of''this; sill of eye 'are ISO8 W  358. 'the metamorphic' 
zone extends about. 8 feet into the limestone'= The Sill=-Iimestone contact 
is sharp with, no evidence .of chillinĝ  ■ There is no distinct lineation 
of the hornblende phenocrysts, M t  a- statistical Study of their orientation 
might reveal: the presence of -IWationi. Rigure f is an overlay of the 
photograph and contains traces of limestone bedding, planes about the 
Sill= Rrom a study of the drag of the bedding planes the direction of 
movement along the fault is .indicated= This fault appears to terminate 
the sill, as no sill rock fa present on the other side of it=,

Figures 3 and k are graphs showing the results of the chemical 
analyses and specific gravity measurements, on two suites of samples



Figure 2. An Overlay Of Plate II.



Plate II. 
Outcrop II, Section D
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Figure 4 
OUTCROP II, SECTION D, 2 HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

-Yrj - Limestone'
5 9  - Sill Gravity

Scale

9# 10% 11% 13%
O  — Calcium As CaCOg
"0"- Percent Calcium As CaCO- Times Ten

- Calcium Other Than CaCOg 
K -  Specific Gravity Q  — Magnesium



W
through the above aesorSbed sill. $hed6 graphs uorfe prepared by plotting 
the percent calcium and ‘magnesium and '.specific gravity on the abscfssa* 
versus sample position, on the ord|nate, The graphs figures 3 and k are, 
very similar, in' most respects» They show a high |n specific gravitŷ  
CsWwm* and rnagncsim oil SSht CeWWs,. sail W h  #w^ the n #er :%ntWte' 
.relationship existing between calcium present'^ a’ carbonate and calcium 
as a silicate:-
' gmgumMpea&wi cu##tedWtoi%rSb&@#m& i&heWgpga#. #i#Gh
there is a tendency toward a high on the contacts followed by a. leveling 

out in the interior of the sill-
‘ *

The specific gravity, curves are almost identical̂  differing only in 
scale:- Bch; Shows a high in specific gravity on the contact̂  followed 
by a tendency to remain .constant through the interior of the sill- 
,in each case the specific gravity curve plunges to a minimum near both 
contacts followed by a rapid,, rise to a at the contact-

A petrographic study of this sill Was: not made- This was regrettable 
as much useful information Could probably have been 'gained= .Since chemical 
assimilation as a means of .gaining space was felt to be a small scale 
affect I a petrographic Study .of the Small sills and eyes was carried
out I* hopes that assimilative effects would be more Obvious - For
this reason the larger sills and eyes were not included |n. the petro* 
graphic study*



Figure $1 is a. grajgfa of the analysis of a small aureole or Ombaymeat
of Sill in the limestone. $he metaaorpliic zone in the limestone extends

\ ' ’ ’

about 8 feet from the. contact. The contact is again sharp but not 
Chillsdi with no diseernable.lineation. of the hornblende phenoerysts 
evident.
■ The curves-' of Caieium41 magnesium̂ , and specific gravity again She®- 
highs at the contact followed by a tendency to remain fairly constant 
down into the; main body of the Sill. 'The- relationship of the calcium 
carbonate to the Calcium Silicate is again evident. Ho Samples from 
th# lower contact could be. obtained as. this under- debris»

HSTHQaSHEG SffiJBT
A. limited petrographic study was made of. this; little aureole 

utilising only four thin Sections. These include & Section from the 
limestone contact* a Section from th#, Sill contact̂  and two sections, 
from, the interior of the Sill. , •

The wIimestonesf Contact material is. a ealcitic marble. This marble 
Show Sow .evidence, of Cataciaatic adjustment in that there ere. many 
large, grains of caicite surrounded by much Smaller grains., Along most 
of the cracks in this Section can be found, concentrations- ■ of magnetite 
and an unidentifiable* fin# grained earthy material.

I. Graphs* figures 3* K  and 5 Wfe included in the body of the;, thesis* 
Since they Were representative of all the graphs* and ShoWd the 
results most plainly. To avoid needless repetition in the botiy of 
this thesis* the remaining graphs Wre placed in the append#*
pp.
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Figure 5- 
OUTCROP II, SECTION A, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Specific Gravity 2.5- Limestone

4-Sill

Scale

1# 2# 3# H  %
Calcium uuucx J-Iian vouw^

>< Specific Gravity Q  - Magnesium
©-Calcium As CaCO?
•©•Percent Calcium^As CaCO15 Times Ten



W .........
She estimated total composition of the thin sections from the sill 

contact Shd the interior of the SltL is given in figure 6»
, df interest is the high anorthite content of the: plagioelase on the 
contact, with a decrease in anofthite away from the contact* W i  
gradiation is not limited to this particular outcrop but is also show

■ ■ ‘ j

in thin Sections from other sills.
fhe fight hand side of the graph shows the variation in caleite in 

. relation to the other accessory minerals.̂  SBaiS simply shows that 
in the sill contact sample the caleite is no longer an accessory mineral* 
About 8of» of this caleite IS due to .ground Water, as it IS present aS' 
vein fillings. While the remaining 20f» is present as inclusions Within 
the hornblende and plagioelase, and: .occupying the ,interstices; betereen
mineral grains- Sxis caleite. Seems to be due- to inclusion of the marble

: . ■' 1 ' ’

by the magma* Sxe presence of caleite due to ground water deposition 
is more the exception than the rule* A Study of the other thin Sections? 
reveals that very little of the Caleite IS due. to ground water deposition.

The accessory minerals thomsonite, penhinlte, and opal occur chiefly 
in the Sill Contact slide, however peimlnite is also present in the sections 
from the interior of the sill. . ■ ■

Tlie hornblende pheno.crysts are fairly large in sise. Some: about l/4 
inch in length, These phenocrysts occur ,at random, throughout the Sill, 
with no tendency to concentrate near the bottom of the sill.
I. See. appendix, pp* 80-̂ 81*
s. Accessory mineral IS-taken in this paper to mean any mineral that 
• CompoSSS less than %  of the total Composition.*

3* See appendix, pp. 79--98»



Figure 6 Sill contact
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i?hese phenoerysta gontaiti. lnclusloba notably plagtbqiaaej:. 
and apatite- fh# principle source of the apatite in the, andesite 
porphinry are-these inclusions« ,?or the most part the grain houndaries 
oi the hornblende are- sharpy hut all have been sericitised. ,

Phe plagioclase forms the hulk of the matrix for the andesite porphyry. 
Olivineii, pyroxene and apatite- are found in small quantities; and caleiie 
in larger quantities as inclusions within the plagioclase. the calcite 
:|n some- eases, acts as. the pore around which the feldspar has- grot-rn. in 
all cases, the plagioclase has been attacked by ser$c$te mdst noticeably 
■ at or near the core.

Magnetite and pyrlte occur at random throughout, the Slide*. However̂  
in some, cases a more noticeable concentration of these two minerals is 
found |n the. vicinity of pyroxene relics

the pyroxenê , titanitê  - and olivine are present, in such minute 
quantities that .ma# times their-- identification is only tentative.

Mature of Magma
the -exact- -nature- of the mag# that formed the-sills can only be 

inferred; but many features of the Sill and. limestone give some insight 
as to the physical and chemical Character of the magma.

temperature of Magma
It is felt that the magma was- not -e#remeiy hot (magmatiseily. speaking)». 

the temperature of the magma was not greater than t50°C« this limit 
tias obtained by the. use of the stability curve of Calcium, carbonate and. 
Silica, after Me, Goldschmidt.̂
I. Bamberg; IL (1952)



Figure 7 is a, reproduetion of this curve= Quoting front Shsmdr1;
ilM  application of the "geological thermometer11 principle is possible 

when limestone occurs in contact with an eruptive ,rock or among the 
fragments enclosed in the latter. Under moderate pressure the reaction

CaOO3 * SiO2^  CaSiO3 (wollastonite) f CO2
moves toward; the. right above 500°C. $he effect of higher pressures 
unoh the temperature of reaction is Shown in the stahility curve of 
calcium carbonate and silica after 7. M0 Goldschmidt= Et will he seen 
that if the pressure under which a given rock crystallized, can be 
■estimated from stratigraphic data, then the presence or absence of 
• wailastonite in the contact zone 'will enable1 one to set either a, lower 
' or: an upper limit to the temperature of the magma at the place of contact o’

As wollastonite was found on. the contact of several of the sills,
ft was only necessary to estimate the pressure in order to obtain the

(26)

temperature of the magma, at the contact„'
■ i • ■ : : . i. :

Eating the time, of the. emplacement- of: the-magma to be late cretaceous
E r d - ■ ■or early tertiary, the Cambrian limestone ■ studied in this work probably

had at least, 15,000 feet of overlying sedimentary rock upon It* Eaicing
the specific gravity' of the sediments, as 2.72a the pressure exerted upon
a square inch of rock was found to be 1200 atmospheres= From the curve
this pressure corresponds to an approximate temperature of SOQ0G0 to 675dG.

Another feature: of the andesite porphyry which lends itself to the
geological thermometry is the presence of Common green hornblende, Ebzu, 
yoshiki,: and. Hhnif ;Shand», '(IpW):-have- shown that green, hornblende transforms 
to a dark brown variety of hornblende at 750%. Ho lower limit of the
temperature WaS established from a Study of the sills= 
I o $hand, S = u*=

V - ' -. - . '  • - '' ' i  .

') amintive Hocks, 3rd 59-
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Wollastonite + CO

800 C

Calcite + Silica

FIGURE 7• Stability Curve Of Calcium Carbonate And Silica, 
after Goldschmidt.



# )
. . . . . . . . .

A study ,of . the. position- of this hornblende ,phenocẑ sts . wltbixi the . 
SdU ,has led the author'to assume that,the. ,niâ a. tas .guite .-fiseouŝ 

hornblende has.a sp.ed3.Sd of % ?--Bs%:'tbe..average specific
gravity of the andesite porphyry -was ̂ £=72= ■ 5huss if; the. magma Were 
,quite -fluid., one,would s.Wdtsettling out,of:the.' hornbiende: phehocrysts 
resulting in their concentration along the lower portion of the sill.
The hornblende phenocrysts dccured at Random .throughout , the sill with • , 
no observable ,increase in their concentration- at the -bottom of the sill.
hunt.,. 1953» ..has pointed out that, failure, of the;hornblende phenocrysts 
to sink means either Mgh .yiscosity. of , the magma or quick ,quenching or 
both, . $lnce the ..intrusiye: bodies dealt-with-in:thi.s î yk.ai?e small; they
should ,-cool, #ite rasiday* yWhusa; -rapid eooling.was-.. probably ,an ,important 
factor in preventing the sislcing of the hornblende phenocrysts, . .

.Additional wei^it ,is-.addedto. the,above.,'ar̂ ment.by:the-'pre,sence -,of. 
@3e|.0sic basement rocks as • Aenoliths .within -the; sills., Some of these . 
inclusions, of .-gceiss, are.. 6 to .8 inches; in-diameter.-;' Ai Very fluid-magma ■ 
.injected, rapidly ,would probably carry, these blocks.along,, but a Very
viscous slow moving magna ,could ,achieve the. effect ,more readily.

.,'If the magna were ,# ite: visComAas, the/evidence'seems.-to- ;|ndieate>

the eyesg .,shewn %  ,l^%'has.#yen-a very #od discussion
concerning the.- importance - of. viscosity, in, controlling-,the 'shape of an
intrusive- body. ThS- Interested reader would As-well to- consult this, work.



Bate of Intrusion
As Hunt, 1953> and others have pointed out, the rate of- intrusion of 

the magma plays an important part in controlling the shape of an intrusive 
Uody6 Quoting from Hunt s1 , ,

"An increased rate of intrusion hts .the effect of increasing the 
Viscosity=. 4 fluid magma injected rapidly pan hecome as "bulhous as 
a viscous magna injected slowly»“

©h the hasis of the above discussion one. $s led. to speculate that. 
the sills were formed from either a less viscous magma or were Ejected 
more slowly than the. "eyes"=, Gertainly this Is pure- speculation Snd 
has the. disadvantage of necessitating' the explanation of why the. magma - 
in one part should he less Viscous or injected more Slowly than the. magma. 
In another.

Two means of physical emplacement of the magma have "been considered. 
These ares •-

I.. A. series of t-Sey ,Individual injections -of magma.
2. One massive injection of magma. , ■

The first mode of emplacement was -discarded for ttfo reasons. Since the 
magma appears to have been quite viscous* there would he little, tendency 
for ;the. formation of thin sheets of magma. Also one- would' eipeCt to find 
the contacts of each of these sheets and possibly a lineation of the. 
phenocrysts at intervals within .each of the large-sills. ■ ■



W i&  lajcfe- of : iLitieatibii' of tfceg? lcdtid -.tneaii:
■ the- hornblende. -was ■ formed: after ;• the /magma • had- been - 'emplaced/- hut • the' fact that
• #*ch:of■ the !hornblende>has:̂ aloite--.fofes # # #  to>-disputethie*■■ =•••••

favoring; the; latter,' mote; of emplacement:"- jty tingle mseseite
• :'^ectloniare/f#'^leCoe#f-:%of the-'magnai'.the- ladh’-Of -Ifheatdek- -Cf- 'the1'
'.i hotnhlende;.;phenoQrysts/* the-rather-'"Unlf Orfiii appearance-1 of'th#-' calcium/"
, magneai%y -and. specific, gravity -'curtes;/. -and the, presence of gouged cut.
:'-'- l-imeefone which formsa ,uniform cap over- one of the eyes <, gee' Plate;itla,: 

'Vsriouhrmeans: ihy -which- tho-iinyading ■ma:̂ ---coui<|: gain "Spwe--fbr' -itself'

(30)

are outlined below, .=
t> Mechanical'--

pispiace#nt
B. Brecclation 
Co- Compaction 
So - .Plastic Plow

II Wemicai .
2L°- Assimilation 
Bo Replacement

It is felt that the magma achieved most of Its -.space by purely 
- mechanical means= probably the biggest fhctof ĉontributing space to the 
magma, is displacement -of the. iimeStone®- W  -dispiacement, Is- want the 
warping up of the limestone beds/ and If carried past the breaking point* 
the faulting,of these beds. Ihat faulting and., folding' were definitely- 
a means of obtaining space |s: evident from the overlays* accompanying 
Plates il* III* and IV, On these overlays are traces of the bedding, planes 
of the limestone, Surrounding the sills and eyes. One can .see that the 
surrounding limestone, has "been shoved aside and -in. Some cases fh|s. .action 
has been so violent that folding of the limestone Could no longer compensate
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Figure 8. An Overlay Of Plate III.



Plate III. Outcrop III, Section C.



W
and faulting resulted« The direction of movement along the faults i$  

indicated hy thearroWi1 ̂ ' i
4 study fevtaied that hrSdciation 'of the limestone contributed some 

perhaps mush of' the 'space- '■ for 'the1 Invading magma,® Aromd sevefal of the 
Sills are small areas shotting how the magma gained Space by this means=, 
These areaŝ  usually only several feet in diameter^ afa 'Composed of ' 
fractured, pieces of ''limestone' with little .Inteffingerings-Of Sill'material 
around theme ■ - • '; : : ; ' •. • '■ ;

Specific ■ gravity ''measurements' of ■ the '• limestone surrounding ■ all the 
sills indicate that this'• limestone-has been- fractured by"th#' ma#a«
%he average Specific-gravity . of;the.limestone is 2=72# which is the 
same as that of pure Caicite= ' Thuss • any value of SpCcif iC:: gravity of 
the; limestone.. IdWeri than #7^-'han -only :b# .-attributed to epadS between 
the caleite gralhs,̂  ' ! • ■<■,'■. l- •

Because the Contact is'so sharp# and only a few of the Sills have, 
the little. Inferflhgefinge of sill roCk jutting 'intb 'the IimCitones 'the 
magma was probably subject' to ’movement :aftef it .had ■ become, emplaced=

The contributions 'Cf space to ■ the . magma byieompaetion and plastic 
flow are, very difficult'to- ascertain. : -Shile specific ■ gravity - measurements 
give -Some- estimate cCneefning' the--.extent; of -bfCdciaition,. it id doubtful 
that any compaction of the limestone by the magma could be measured=

The- amount of" SpaeC Contributed-by ptastiC- flow Is -unkno#=■ ' . •- . - , - : ; ;" .. r - ' • v . ' '
1= For a further discussion of 'bfeceiation as '4 means- of gaining space 

see-appendix# :pp’«,' 85*'«86= ‘' ’" • '' - "



( #
Shai iSloii Is W  factor 1Tnas- |e>a lri' the'StMy' of the'thin
Shes© Showed large caicite grains' surrounded by many smaller grains®' ShiS 
if. M m l l y  InierpMtsi;M4he''resuli: of sdmS-- MtMlsstie-:meVeitiSntt,- it 
seems logical that plastic flow should result' in.the.thinning of the 
bedding planes of the Iimestonet,'-1 Howeyerj' ''cheAi'cal'a#lmllatidh and
direct remoyal by a bulldozing action of the magma would have, the same

' ■ . - - ■ ■ ■.

effect= #ille the amount M  %itiestone''assiW.ihted 'Can be 'estima#dy - 
tW' 'amohnt of - IMeStohe gouged''out- is 'd̂ nowh='- ‘ • •
■ Although unable' to' measure the amount of Space,: contributed by 

compaction,'and ,‘plastic fIOWj1 the authof-'feel®'ihat'theif dohtfibution 
is relatively minor = • 1 - ' ' '

1 : :' ■ ■ Chemical iMeehaniSimsi. - '• ' ...  '
IherW remains now only to COhSider the' contribution of space by • 

chemical means= '%% -IŜ telt that1 assimilation of a- fairly reactive = 
substance such aS 'limestonê  by -ah ,InvMihg,''magmâ  'eontfibutes a small ■ 
but significant Mount of'Space= The reasons fbr this statement Stem 
from, a s%dy 'of:the 'gr%#^' 'the ''Chemidai- analyseŝ  ■ -Ihese-$ra#s,make- ' 
evident a calcium magnesium, and/specific gravity ■ gradient through the 
Sills.= ' . . . .

!here are several Ways ■ by Which - Sueh , a gradient could be established, 
namelyI fractional'Crystallization,- crystal Settling, Soret effects and
by' a'seimiiation of a modeMte--amount of limestone=

: =. •

- - '  ; : • I ' ‘ f  * • i .  1I '  ' '  » ' , • . :

1= ,See' a p p e h M s r p p t - ''figures%  5»
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Fractional GrystalliBation

,flow can. fractional crystallization esmlain the calclw, magncsiWa,, 
and specific gravity gradients# To anawr this let ns consider what' 
effect the lower temperature of the: limestone should have on a magma= 
4s. the- magma- was forced Into the limestone# the houndary ,zone' of this 
magma should he of a lower temperature than the interior= Thus-, the
hi#, temperature mineralŝ  i=e, olivinê  pyrpzene^ and calcic PlagioClase4,
should crystallize out in a greater concentration ̂  the contacts than
in  the ,Interior of the magma, Gonsiderlng only the plagioclase.# the 

removal o f calcic p ia#oclase - should; Ieate-the m # a  deficient In caiclm#

which on farther crystallization of the plagioclase, should result In.

might appear not, only .hecause of the lower temperature of the contact
hut because of the hi# lime environment of the contact. That is If the - 
system were saturated -in calcic plagioelase the addition of calcium 
would have ,a tendency to -’seed’1 the system,, and. precipitate, the Calcic 
plagioelase,. .... .

From, figure 6 .It can he seen that .a hi# anorthite content of the 
plagioelase was present at the, contact# -.with decrease toward the 
interior.of the sill# thus lending wei#t to the: above argument, 

lot only can fractional Crystallization account for the calcium 
• gradient# hut for the magnesium, and .specific gravity gradients as well# 
since the early forming minerals >. olivine* end.; pyroxene are Of a hi#er 
iron and magnesium content than the latter''Minerals and thus more dense;,
■ 4 study of thin, sections revealed some pyroxene and olivine at the contact#



■ W  .
"but much of this appealed to hate altered to IiornMende0 -.SMs .in no 
- ir&sr .iaittrs the; .ahG>ve,v'#igymenteinqte. ■ the pojapositida-phd-spis|f|e gravity- 
of -the KofhhXehde is simh'that '$t hah': soeowfc-for • the ohhefVoct-neshXtso

WetaX fettling' . .
. -V' ■ Wstal-.' settiihg-'wbhid- pfbBuot- 'a> gradienti;-fh'■ therjSilXŜ  ■ "biit - iBhis 
-method OS diffeeeatiatSdn Wst- Whafdod- fof'- #a  ohiSous, ,y.eatoh, that
;-## -#&.-Iabtbaa o f -siiit

Wet: Sfegt -
■ Siie Soret #fect of themnal 4##hsiW 00hXd-#ite possihly' adcohnt : 

f w  the gyadleht' evident - from the gfaphs,; ■■ Soilenjf. '■ ('1928).- hhs1' Wfgwecl 
that the Sofdt-'iffetit'is- of iittle.'-eo%e^ehee-\in''##ebW'iW#fOhtiatiohf 
He reasoned that adShotmont of’the-'eoD̂ oiitioh'Wten^enatWr diff'erenees 
W  diffusion .’sbifid̂.'Stt' the' 'dâ e- of "a- na$ma»-'"t#e'a' .gneat-deai. of t#^*- • •

' Wahi>; (ipW)''' n&iiVed' ̂ he - Wtitahde of - the Sdfet Sffeet* - His W h  
sWnafiies 'the Wk''dohe" hyhhemists^in the'-Wpafation' of-'isotopes*, 
fahl pdihts' W ' that:-in appXyi%'this method'to diffenehWtidh^
the offedts, dep®d on sueh-faews as - teapefathha -gnadieht̂ - size-#4' shape 
of the KoSy of and the ' XhitiaX cGsydsitibn- pf' the inâiia*

Whl also stated that' when eertaW eohuitiohs' of -teiEpenatufe 
m  i#ffn8loh'#il; oepmv df,''ei'se/tW-heaW''ddWdhehts:-W#t';̂ Wte' - 
either to the warn or ’ cold regions= ■ Wahl armies that thermal diffusion 
' may: aes.dWt: for .features-in rocks that 'can't he explained hy any other 
' means d”3-
■ I*' Por- a more ‘detailed: discussion; of-:W-^oretZHffOet see

Wahlstrom̂  (1952) p* 18s



5%ie author feels.' that the. Soret .S’f'edt-wdtili he-'greatly 'hampered; g,n., 

prodticSng'.thevoheewed gradlehtŝ ; 'the : W % e e w *  small̂  
ana s h o W  ■ eooi ■ rapidLy- thus ■■ Wiring::little. t|me for % # e

the Soret Effect' remains a'^oss|bll|V there- seems little reason to 
search for S1W  an. erotic, e^lamtloh ivhen assimilation and fractional 

.-crystallization offer such..reasohahle oicplanations.a ■' - -

■-1 :'̂ SS|n̂ latiOn;. -i. ■•'••••
’ • Although fractional., crystallisation;- offers a very ̂ lausihle explanation 
. for Wt: of. the: ohserved author -.see.S'W'4jay ̂ 6 wWh- to
escpiain the -relationship ##st|ng hetfeen the eaieium' carhonate end the 
calcium Sllieate5li "by this method* A reasonable, esplanatiott of this: 
relationship |s that it. .,is iw  to the ineidsion and assimilation, of a . 
small amount of IimeStone0

let ns look first- at the, calcium carhonate gradient c #s can he 
seen from the graphs the calcite is high at the contact* low .|n the 
.interior* and high a#in- at the lower .contact.® Shis gradient c o w  he 
produced in the folloWg .manner: inclusion of marhle* .and failure of 
this marble to .diffuse ..Into the interior due to the viscosity of the ' 
magma=

Ground water deposition ha# heea #s,carded, for several reasons.
.She W n  -reason #  that-the .gradient s how ho in one direction* 
high at the Upper contact and. low at the lower contact, since the ground 
water should move under the influence of gravity. It Is true that some 
of the .calcite is due to ground, water deposition* ah some calcite is 
present as vein .fillings* hut the thin sections revealed that most Of 
the, calcite was due to ..other causes.

(37)
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izxothisr sotiree for--the - ĉ cltie/ : qartjoti #o#a# ims:

, DrSs^tgday pt- 'aa&: that- 'Some . ms - g'Q?m& :tar.'1*e -.Îelestse
of calcim^ as. of • ■ #- |s.
ct|ff|ctili< to see W  ealeSte. prMtioei $%:## 8. w  WWLd m ® t m  dtseOf
In ,a.' gpadleati,. ,■'; ■■.’>■■.•. ^^ - -
;., Assming tlmt. the: caleitie gradient, were $ro#ced %  ‘|r©rpper mfsclng 
. and Wougii assWdatdoA.Cf W 'W b l e  let:us see whatioffect the Wluded
calcite should have on the inagmo . !v-

Bown5 (1928) has: pointed out:;that when ,sedWhtafy ndherals are 
Sneltided- tithin' a:##a^'W- for'.the i setiSWiW # W W '
to he .concerted to SWhtis type ,Mfnersiŝ i-whieh-r,are- Sn̂. edtiilihritsa- r .

: with W-Meltrat: W  :• f  ei^efaWe-i -,in-- w  ' -'.WMiee'these;

jainerals v.are melted 'and later; .precipitated in the ordinary- Grystailisation
SeQiUewe ■ of. the: reaction 'SerSeS0 -.; W  has-W W r  • ShW-that- the addition 
of • lime■:to ■ a-;uaW;TtUl- eanohg■ other1 thiĥ e. -lhcrehSe; the..ahortMte content
of the MiagScciagei.! ■: !••,:•,: . . • • • -  •••.'•• • • • •
-. Ihus5 - it, votild seem that, 'the .observed'' gradients. cotild'.-have.heen - • 
produced; |n ohe-Of tW: WySv1 'BraetSottal crystallisation of. the magtpa
nould-proWe':WvcW^sW'..'W:WWW'eSiiOate..@*s^e#^#d#ffusSw
of the .Witided.-frâ ntSxof. mrhie-eeuid'-pwduoe. theicaieSte-- ##Sent^.
or, the calcium silicate curve: OOtild have-' heen. prodticed: Mi assimilabion
of a, moderate amount of ■ included' marble^; and' the: oWite gradient again, 
produced hy diffusion of the Wltided Calcite0 She first method seems 
donhtfUlxfor,-'the''f6ll0wW:'reasdns;|:. - ' 1 ■ ’■' :• 1 :=.: •■■

'I0', ■ $0 produce the calcium silicate gradient hy fractional



crystallization, |t is necessary for the qaleiuta ions Sn, the interior 
of the ma#m to Wfuse to the contactŝ  Shis process of diffusion̂  
would prohahly require more time than was available since the magma 
Was at a low temperature and would prohahly solidify quite rapidly* 
it would he much easier for the igneous minerals to obtain the necessary

(39)

calcium by. diffusion of eaicium Ions from the included calcite* since 
the distance the ions must migrate is Wery short, and not so dependent 
upon time*

■ 2 o It was seen that in the thin sections studied the composition 
Of. the plagiociase at, the contact wad found to Pe dn̂ ghhgQo fwo inches 
below th|s ̂hO. eerappsltion; _the plag|pciaSe was and.twelve
.Inches below the contact the plagiociase contained albit'e and anorthite 
In equal, proportions * One would e%#ct .a. much more' m#form composition

Of the plagiociase at the contact was due to assimilation of caleite.
further evidence- |n support of assimilation ,|s the caleite cores within, I ' ' |. “ c ■ : J 1 1 : \ ■' I ' - * * ' . ‘ ' -'
the hornblende and plagiociase».

.fractional crystallisation undoubtedly plays an Important role in 
the differentiation-of, the magma* mainly' Sn the interior of the sills, 
but the evidence available at this time,, seems to indicate that 
assimilation of caleite |s .responsible for ranch of the observed gradient, 
particularly at the contacts.

Calculation of the- Amount of Limestone .Assimilated
■ ■■ ■ ■ r  . : I ’ . r ■ i  .  } \  ■ ■

Sn view of the manner by which the author feels the Calcium gradients



<h0)
V8P& established̂  the calculation, of the amount of limestone, assimilated 
can only be considered Sn approximation.

In the Calculation it n #  assumed that in each suite of' Samples 
the sample showing the least amount of calcium represents most closely 
the' composition of the original magma, WhMh W -  homogeneous throughout*

The following formula gives the mass of calcium in a Column Icm2 in 
Cross Section between two Sample' ,locations.̂

* foi-ty po * <%-po) %  -r- * (%.-%)(%-%) ---. . . .  < 3 -
Where?'''

M^a # Mass of calcium between tr-ro adjacent samples?
to Percent calcium in first W p M  time# 10"2»
B0 ; Specific.: gravity of first Sample,. ■

- - * ,,MrCent ,ealcittn'' in second: sample times 
•• %• '=vipecifM''gravity of second sample,

7 1 I- . '%  ; = Measured distance between:.samples,; ' • . ■ • •
After the mass. of,daleium, between, each pair of. Samples in the. suite 

has been. c^cuMted^..the total mass ■ of /.Ĉ Cium ■ in the Column is obtained̂  
by adding each of. these individual masses together* ■ Next/ the mass of 
calcium.Contained, in the -Column,; if ib,:wef#- homogeneous' throughout̂ , and 
of a calcium concentration and Specific; gravity e#ml to the ample Showing 
the lowest amount-.of calcium,; ,is calculated, ThiS maas. of calcium is - • 
Subtracted from the. total., mass of.Calcium and ■ M e , remainder; is ■ the amount 
of calcium due to assisiilation, Biis-mass, is .converted from.: grams ■ 
calcium to grams calcium., carbonate. and, the grams, calcium carbonate are



W
aonverted to Vblime calcium carbonate by SiTibing the' mass of calcium 
carbonate by 2.72. Eiis Volume due- to the assimilation'of the calculated 
mass of calcium*

Gn the basis of these calculations it was found that from; 0,3# to 
2*5$ of the total space had been gained by assimilation*

Siscussion of Calculation
Eie higher values obtained from the calculations are subject to 

doubt* since these were made on small Sills Where ground water deposition 
probably accounts for Quite a bit of the caicite. k  good average value 
of the amount of space gained by assimilation is Xfa X i Should be 
remembered that this figure represents the volume occupied by assimilated 
caicite in a column of sill rock I cm,2 in cross section and of a 
length equal to the thickness of the sill. $t can only be assumed that, 
this figure is; representative of the volume .of the sill.

Replacement
Probably Seme replacement of the limestone by magmatic solutions did 

occur. There is some evidence of this in several thin sections.1 In these 
Can be. seen a Sort of ’front18 consisting of an iron rich solution* that 
has moved into the marble and attacked it. This, front is only an inch 
or so away from the contact and has altered or replaced only a very small 
amount, of marble. , If replacement, has. occurjia. it. seems. to have .been..a .
very minor means.by which the magma.could.have gained Space. ..-• . » r ; 1 • • '

1> See appendix for a ,more detailed description,of these thin sections.



•A :study, of the -sills In connection .with :a particular laccolith m&  

male in - an ,effort to .determine their means of emplacement.
From this .#u!y it was concluded that .the hulk of .the ,spans needed "by 

the,magma wap obtained by purely,mechanical means. .The.magma obtained 
most.of this space by simply,shoving,aside the limestone, resulting in. 
bowed• and faulted limestone beds, In the.process of thrusting its.way in,:-:C ' '
the .magma. compacted, fractured, , and gouged, put ,poipa of .flie -limestone. -The 

magma probably,attacked the limestone chemically.while i n t #  process 

o f .emplacement,■but t h e ,calcium,. magnesium,,and.specific gravity gradients, 

were produced-through fractional crystallisation,and an.assimilative,action 

of the ipagma. upon fragments of limestone: from the .brecciated. zone surrounding 

• the roagma. . An attempt was ■ made; to -. calculate ■ the; amount: o f . space attained 

b y . chemical; assimilation, and an ■ approximate .figure of Vfo of the total 

volume wap- ■ arrived, upon. Fepy -little, ..space, seems, t o  have resulted from

replacement.of. the.limestone. ■
More-work must-be done, and .several problems ,.solved before more exact 

figures .concerning the .contribution, of ,space ,-from, each of the various 

means can be calculated,V

'I. .See' appendix for suggestions on further 'work 'and unsolved problems.
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■ ' l^epâ ation ’ Standard Solutions
Muminumg A OiiJOOO .©‘a. sanrole o#’ alutoiziummetal: ritoGte WSS.' wigted‘

' out :-&hcL' t̂ afisWrr̂ ct ' t o 250 ml,, b'oaker ia■ oone, B.01. ■ SiiO
• solution W g  - transferred, to a-'lOOO 61. vdlumettie flask' and _S'ilute.S.to 
' volume with Sistiileff 'waW.= #i# : obncentratibn' of WO: jppm 1
aluminunid ■ -
• - #,iol#ig ©m, - v f  ' ^ a l b i t s . ^ / ' ' W a d ; : Wansi1OrKe^
to a 300: ml, • tail h o s k ^ U s , - it m w  -#$soive&' in' 'alio HOI- and,
'SWporat̂ d''t'o‘ #-yhe.tS' on t̂tiW h6t,piato*, .:$b0' feeidhS-ws,s":taken.- np'in 
d#tiil# 'xmW';and ##;' tfansfen^d1 to'a -IQ'OO -mlfvblnmatrie - 'tlasiss:. whesi-# 
it x W  'dildtOd'tO'-'xroluai#‘--tfith> di#!##:###, #is gaTe* a' /eoneentration 
’ of 200' ppm oalbium.

Ifong A- OtiIi-OOO ©3$» "samplO' df. AWdafd' if on -Mne'. - W ’■ -WeighSd Odt#
■ tWsferfed" to A '250- ml, • hoak#̂ *',-ahd,"'di#solv#d' Ih-Aond,- M&* ' 'W@: Sdltitidn 
Was transferred' to a, IOOO ml,' Wdlumetrio:' flask and" diluted to, volume 

■with.-distilled ̂ e r "  to g i W a  A'ontientfation df'tOO,ppm Ifonc -

MagnesiWl - A  O=206)0: .gm®: da#!6' of m^neslw; tithon.iw-weigtsd out 
ahd tranSWnsd- to ■ a;'250" mi°: teakd%'. and -dissolwdd in' #1» H01, ■ .Ihis 
solution TiWi'evaporated- to dryneSs: on #e hbt plate and- the residue- taken 
up in distilled Water. ' Siil-Aolution Wdsitransferred' to; a;1000 ml,
;volumetric' flask'ahd'-dilutedfo.-vdlume-With: distilled"Wter,-.' W #  .gave 

a  concentration -of 200 ppm irngnesium,
■ Sodiumg A' 1.0170 gm. sample of'SddiW chloride: was - Weighed out -.and . 

transferred- to a 1000 ml,-- Vdiwetfie- fWk'and-diluted: to Volume.-Xtith



. W
distilled mter®. IhiS gave a concentration of 400 ppm Sodinm9 

Solutions for. Standard ,Chrves of, -Oaleinm ,and Iiagnesiw 
limestones. Solutions ranging in.eoncentration.from O-Î O ppm ealeiw 

:werS prsparedf. by draining different .aliquots, #om the- primary standard 
; ,,-SaiiUtion W  ,transferring them , to loo #.9, volumetric .flasks®- ,teen. Sg ml* •' 
. , of .the .primary magnesium ,standard solution, vere...added to ,each flashy
and the flasks were diluted- to volume with distilled, uater* ihe magnesium 
was added to the calciw standards since, .magnesium had, a very slight ' 
depressing effect pn the. ,celciwflam# ̂ mission91 , ,.Bnce magnesium Was 
found in the ,Iimeitonef the addition of ,the magnesium tl the standards 
counteracted,thi#,depfesling effect* .. . _

Solutions ranging in. ,-Concentration from ,OrIgo ppm .magnesium were

prepared,hy .drawing aliquots from the primary magnesium standard solution
and transferring- this- to loo ̂  volumetric, ,.fl#kSp, :fp ,each ,ofthese
flasks ,25. ml* of ,the ,calcium ,standard lplution wa| ;adde.dfl: and the ,flasks
were - diluted ,to .volume ,with distilled, water* She, -Calcium was .added to
the magnesium Standards to take into ,account ,the:. .Slight enhancing,

f ■-effect of the-caiciw, on the, .magnesium'-flame .eBision,' . . '
' - •» , . • * i I ■ ‘ ‘ . ■ -' ' I  * I ■ .' ‘

. ̂ itandapd, Solutions, |or Bill ,|ock ,Arai^ii -: ,
The. calcium end .magnesium. Standard solutions, ,for- .the analysis of the

■ ' 1 - < . . ' ' . l V r i I t 1 . ‘ - . . * v >  r . 1 f '

sill rock wer# prepared In ?theV:same, manner,# ,uere ,those for ,#§ limestone 
analysis.,, %#', difference #1. that, to ,each, of the , # # # # %  #  ml*
I9 $.ee. accoapanying ,graphs shWng. the- effect of calcium on the. magnesium
' fWe'Weiion. '' ' .. ..
"S> - lee acdojnp#y.ing .graph .shoi4ns: this; effect*.' ... .... .» . •- ,...

• , t



■of p r i m l y  a o # #  .standard solution # #  _'Wf8> in the, base
of the qalsit# '̂ standard soWiQ# #re ̂ e]p##:#eh containing 50 .■,

# »  @0aw%. -'W, a^<w:W@o # » . # # # *  - ^  tb# ̂
, Qf 'the e W a a ^ & f o l t i t i d n S ' i c e n M n #  g e w - W # # . =  ■'

i &0 BBB w t w %  W ' W # # A * '  ranging ih cOh^htrAtion W m  M p O  
\'...A,' - =■,-..•■■ = ■ . ■ ■■ -,Inŝ tMentation . '■ ■ - • • • •

: ! : dmat^ment hW. to Brhauce thg #t#dar& cmnmg anWoP W ,  ''
: !̂ haHysis 'df: tile "limestone'.W .andeeite; Bofph^y' w  ■' :a Bgqkzoan 1Iladel:- #
: I cpcetroBhdtdzagfgs?s' fbig: inefnmgnt # s  c#i##' mth; the-#de% #20 :
: - W W W  thd W ^  'WO. W o g ^ , atami^^
$hQ fuel used. Ss - 'an ejceitation gourde,'W d  a M a A u r e  of: hydrogen, ana OSygen0 
$he. fre#ure of the1 tscyggn vras 28 pSi=• oft: the; tank>. and 10 Pdi« on the -

W  $ * # # #  ef % %  W O g g n  #a# $0 p#*.dn W  W y  -#-
g gti, .-at the ingtrmtteht,- #e'#irelength hW.fo# the Chleiusi- 
# e  0 h  m . % * # -Welength fĝ d'sents one of the prlndiple W #  ̂  - 
the ealdium, emi#f on Spedtres-. W  chosen bee##. thg .̂ eteetion
l W t s  ̂ stahliehea for W s  ins#ment hy ̂ e#mn W W # n t s '  W . ^

f :.
t e  glit,,##h-Wed. in th# eeleiilm: andWAl** 0»01 m b  j r m  thg. 

BeeWn Model %qh -ihotoffihilipliW :attaeh®ent» - W  loa&;Wieto% Model 
65T? pas set. at position 2S. giving a resiStanee of IGaOQD megohmSo
, . fSo darry edt W  # # m i %  the SeWpga-# #  .^eWnml in -

-, %#r.poslti#"d# m W i m / a W i % v i ^  W  W t  W  .Wnged W w - W  .
a b w  W W b e d  Bdaition##-,'##- W  W t  W  W  taveieDgth.

1®, Hhrleya ,John Ho/ & Miheriya Be E0.a Cl95h)



W  '
Sbss mveieng^h chosen î csu'ee: of tih#' of Iesteciiozu

. i?he flii- Iid-Ith W r  0»©6 ism#.' 'Uiing the' phototetiiyi-'ie^: attech^hio
.'^roinetion of Standard Wihves

. . ,. . .CIa3,ctW''StMiafI -S^ms1 #a groince thi# C«#e^ the set "

.. . at the position of inayimtm 'Sensitivity5,' with a' 'wavelength' of $5̂
-.r..«nd a slit wi&Wz of 0601 m$- Wing the- photonaisltipliep attachment? ®he 
r/rlpatrwht’ wo' ai^Wtei to give % iiwibttahee^ pealing 1Of: 100ob$: fon'

a J t w iw l  eoiufiba containing ibo ppa® WlcitMo 'following ■ the' '.ahove
•6 . ’. ' ■ai|neWehte* the trwWittance Walihge -fof '10 eblutiow'̂ : • containing

0, Iô i 5ba. #)» 'anl'lbb P ^  .Respectively' # W  ohtainei*
these transmittance, readings: 'were plotted 'against concentration ■ to produce 
the graphŝ  fi'gures 9 and 10.

>lagneeitM ̂ fahWrI &rv#g" to prblwe thele '.curves "the' iwtruseht' >raa " 
Set at the postpone of: wiiw:''eeh8itivity$, ■ with - I" wavi'length - of $$ 
m »  and a slit 'width of 0.06 e %  witi the' photomitlplier attachment.
• !She instrument was then adjusted to give a -tfWmitt'anc#.' redding of 
100.0 for a. ■ solution 'cbhWining' 190' PP%' mgneoltm^" least tfWedittwee 
readings'Wre ohWned for- io Ioiutibw .containinĝ  !0g, 4*. 104.;^ $0*
4Q* 6e>: 804,-'Soô; Wdiii p#' .#WwiW' -' 'Wse tranmmittance'
reaUngs'-'were. plotfei aghiWt 'cbncenWation'to..give thb Waphbs figwee 
11 iw&m, ' '' ' "' '' ' " " ' - : '

Ihe graphs* figures' 13 * if" ehdTti'ng; the, eWecte of 'th&;'vhrioue ioW 
on the wieiw W d  WwWinm 'fW#' omiwiow W w  pfepafei hy aiding the
1. Percent' trah#ittahce' is,Wed' in 'fhlg, 'pafer :as.-a; convenient Waie for

recording' the relative intensities of the calcium and magnesium 
f i ^  jWwiowt' ' '' - '': :'' ''" ' " :" " ' ' '' '



W i g a W  lntirem@nt:ti.:,of" 'the.'W^otiS^Wdn^,to or

sMnd.&?d̂  mgnesi?m- seitition^,! ana ,2?ee41ng-.: the - percent Ehis

m s  then plotted .,Versus : th# eoncentnatidn of the various • ions to produce •

the graphs:*'. ■ ■ : - ■ ■ . . :

Sazrple

m m . w  
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Hg'-, 
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i#^33r 
imiHSv 
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. W om fi-
' f # 'h0 32$
16*30%•

S I
■ : m M  
%{># '
h e W
4o00f» 
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Figure 9. 
CALCIUM STANDARD CURVE FOR LIMESTONE. 

Concentration Calcium 
In Parts Per Million Versus Percent Transmittance.
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Figure 11. 
MAGNESIUM STANDARD CURVE FOR LIMESTONE. 

Concentration
Magnesium In Parts Per Million Versus Percent Transmittance 60 TO 80 90 100 H OO 10 20 30 120 130 140 150 160Concentration Magnesium In ppm.
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Figure 12 
MAGNESIUM STANDARD CURVE FOR ANDESITE PORPHYRY. 

Concentration 
Magnesium In Parts Per Million Versus Percent Transmittance.

■

100 _

----- !---- 1____ I____ I____ I____ I____ I____ !____ I I____I____ I____ I____ t
0 10 20 30 40 50 60 70 80 90 100 H O  120 130 140

Concentration Magnesium In ppm.

(52
)



H* H

P O

O to
IOO 120 140 160 180 200 220 240 260 200 300 320 340 36O 

Concentration Sodium In ppm.
0 20



Figure 
lk. EFFECT OF CALCIUM ON MAGNESIUM FLAME EMISSION. 

Concentration 
Calcium In Parts Per Million Versus Percent Transmittance.
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Concentration Calcium In ppm



'Figure 15 
EFFECT OF IRON ON CALCIUM FLAME EMISSION. 

Concentration Iron 
In Parts Per Million Versus Percent Transmittance.
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Figure 16. 
EFFECT CF MAGNESIUM ON CALCIUM FLAME EMISSION. 

Concentration 
Magnesium In Parts Per Million Versus Percent Transmittance.
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140 150
Concentration Magnesium In ppm
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Figure I? 
EFFECT OF ALUMINUM ON CALCIUM FLAME EMISSION. 

Moles Of 
Aluminum Times IO“3

_20 ppm. Ca,__

12.0
Molarity Of Aluminum Times 10
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■ îGOgj, ko51 , , . ,

% * % y  % %  5&,sK%tigaiG%pr, j&tswy
S0*4*W'^WWtf, - not - aW?#Wf# f# - as ##&%$ - is Mt

‘ W ^ t W m W  in # #  W  #31. _%.#.# WeOOg
# & . î oQ. , .-. ,.; r . ''; ..

.Ufi iStilotf CtiBt̂ tito $po0o5' 2wT% ■fitia.f. UOoisj? #%, IdQO



s I3 "below -Contadt9 Sp=Gag S=IrSg ^Ca9 39®75g # g g 1°00 
4s below contact. SP=S= 5. £*T K Sl=SOg K=OO

Small eyeg Outcrop II9 Section A9 I horizontal:
Botes ■ Share 3.9 no etimpangation of hewing for this eye9 ail the beds 

are abruptly 1#%dinaW, slso ho interfihgerlng #3%9= ^Wtirphiti #*# 
extends at least 6® above the eye= BeglhnW #th this Otitcropg only 
' select samples: of limestone W S  analyzed, since there was little Wlation 
in the amount of calcium and magnesium, Ihe samples Chogen for analysis 
were' tiSua% the first Janet W t  W # e s  of W  W  t w  contact
Samples,■ '
GseqBdkaSs % , .  . , ̂ .. _ , , .

18" above Contact, Sp0Go9 G=K% ,
» 'crumbly, .Ifitt above cpnWf» S,68- ' .
-C' «=1,$, Contact, SpoGo, 2,73, Wa> 38=50, K=OO
f ̂ --Siil contact, this SamplS' has a W W F 1 appearance,- Sp=G=,



foCQof 0e8l
' S I 1 > / 1 ■ V 4 . f .

t; iaeabsk e%ts#. & , %  #t,' #*%* sb;6%%&

' \ m & m .  . . . . .. . .'
ffIO?*--Sill,; pottos .pmiW of 'S'oSOg. IofOs fMgp; %*6&s,.

# % p  &.&&
$o#s Ho IoW'.'con-test for #e atswe- .eyo, W l  .Rv#W4#

since the contact tme under #hrie»
Outcrop II9 Section %  I horizontal::

, thin h'hoht, hf ( W g W # * # #  «#@##*0*.
9hls #rw 4*. -titem . contact̂  # d  $* to the left of
the terminated hedo, ftpo®*?. 8=68

" - 2" nhove .contact, @=f^ ; : .
:#onta#% h#, to#, .limey. in Contact #th it*

fhiSvlimestone has pits in it filled irith iron oxide. Sp0Ooi,i ’I ■ • ’ , ■ 1 I . . . , , *  . . '

' ' ' ' / . '. , .: . - . 
f W-^ili .contacts, this. sill ,appe,m?s. to ,terminate Mtms hedss W t

the tendency is to spread apart -Wde9 m d  in W  thet . ' ' ‘ • 1I '  • * " * ' » ’ ' . V 'I . . " I. J » . , t ■ .' * ■ . ' • ,

___ I ■ . 1 • ' I , " - ■ • ' - i1 ■ ■ ' ■ , ■ ■ ■ : . , • , ■  . .; '

5V-~"Sil!s helon contact. SpoG09, ,2.75? ,#^, 3=65». #B’» 2«95y

' ' , A ? h r  i; •,-. . ,;,
« 6^^0111 .,contact #th terminated hloch?. ,Sp.G.9 $,?$f j^*- SSS?

; g,r ,. .....,
# Yf̂ =-Hh0S. ,contact' at point of hlo#«- ^p0G09 2.89

..contact:# W m r  point,of̂ locĥ ... ^fS , . 
contact #th lower par); of Wo#* S»80* 3..T5



S.W, 2,57

bG&otreoBf^* .#,%%, 3V72& 5*98
'# g *  6*57

2IBlBliV=«4#ill 28 beloif contsi«tj no samgle- #o% Iwen oontaet. because
W en  aebpie. % ,# „  2*77* ##% 3*78, 0%,, 3*88, 2*57

Outcrop Jtp Section, % ,j. horizontal g 

Sasagiess

3.’ $W #. cohta.eto fhis; section, i s  % # m ll dog: ca#c# W  
the .removal of ,a, large heS of limestone-, Sp,S,s. 38,00

&*09

><-ioSo$ 18" above contact« SnSo, 2*76 

ĴV1= -1So-So 3" above Contaet0 SpoG0̂  2e70

"IjV--IoS0 contact,. 6n to right of dog*- %oGo# 2o689 fsSa, 38050,.
# &  &*<#

contact, $&.$,, 8.78,  3*30, 9%, 3*16,  # > 3,  2*84

(yMLt'.dWaa* teW-iwWk %*6., 2. % # %  3*4o, #%, 3*%.
fl&fy, 2=15

«?7»*-aW ie" h eW  contact* #9*66,  2*%. ^Ga, 3*%  igbSak -'iBtiao,- 

1.90
S i l l  contact on point of dog> # *6« , '2*7%' %8a, 4*%̂ . .2o-9%:

' 8*2& ' ' ' ' ' '

v ^ * S i l l  &' tnalxserappsKbewst, 2.75, #&* &%9»' '

' #003, BoSl'
HS8---4 8 above upper contact', there is- a 'small M li51. only 6is at i t s  

MdeSt point, and only 3- in  length. #bia s i l l  penetrates'##



MiaestMe. to 4 #pth ■ of •. * •.•
%### 1&,^: 5^00$. i0 & ?

z  • ’ t <
Outcrop I l 9 Seption %"1 horizontal:

4! .ehoire/.cohtept̂  ■
$? 38 ahove."contact, Spo#=̂ . So6̂
" 3?""̂ ,S0̂ 30« aho-ve contact, Sp=Gofl 2=71 

:' W«»-®L=S=fl I* above .Cohfatit= Sp=O=* 2=65
 ̂$$**?&*&• * <* abov# contact= ^=G=* 2,=71 
w 6?— «L=So contact= Sp=G=fl 2=66 ■

-*— - ' ■ ' ’ ' " . 1  I t - ' !  , -

« 77^111 PMfatit= Sp=G=, 2=e$ ^Oafl It=IOfl 9%fl 2=00̂  ,#%* 3=8g 
^  W W  tiontact= ^=OOfl #8^

- # %  3^#

* #'* 2=7% & * %  2^,,

#  W W  2=8%» # ,  3=50fl ̂  2.#,
. ■ { • / > ,  I ‘ , '  k V I t  ; . . 4

J t f y  I-S8 . ,. V . Y  . , '.. ... .. ' ,;
'lIflU--SitIlf S' t=tor =OirttKjt. :Sp.G.,, 6.70» #*» .5,7?, #k, StBO4

ĜOoa "1=7|.

.12® below Contaef= Sp=Gdfl 2=7% pa9 4.00, #gfl S=QOfl-
. # 3 *  ̂

■ & * ■ i . - i  i - , , - I

#  W o y  #mta#,= . %=G=y

**■ I ; ; j , ■ v j : ; ' = .
12* # 4 . #  &=7%,#% 3=Wfl

’ . . S»%6 ., ■  ■■ j - ,  . ,



»3,5?«»rSi3Lî  :26:e ^elow tiontae^ 5 i / 2 8 above lower contact.

:#0Q- ' -' -, - ' '
lIDlHlSv«--S5.115„ ST above low er,contact. SpoGo5, BaJdp 3«, $2, fMg-s

# lTV'*r””Siii>-S8 above lower .contact* • %oGo* 2,T3f. 4oC0, f % ?.
L./L': . . , ,, , '
r.;-.. contaeto ^»60y M O* 6,2$

. • 4 igv̂ r%%oSo'. contact*. $oSo. ^ e ta #3#i@ ##* .maWaorpbic ,# n e  :# W

. , *.,

 ̂ 20V:“e>SeS«ii'. ^11 b ^ lw  cpctaiit* ;Sg»'G«s S»7.3' ,,

Outcrop tX p - Section P? 2 horizontal::,. : ■

S^'Cbo# CpntW.4, - 1#.
'̂. '£̂ «»ri»s> 'Cqntact. SpoO., 2.72,

w ' Ip ibelow oontacti. Thla contact IS Irom Stt: to ISifc thick
'## ,W:# limey appear^#?,- #WSk* '%*%$$ %«#* {%*' 1,80*

" - - .- " '. .' . ' \
-* $ 9 ^ # ^  '2*' b # W  cwta#.-. $ 4 %  3 » ^  .

■ ■ "̂ OĈ y' ' ’ ' 1 '-’ 1' • » • " * '
^ W  W W  cm-W*. #%*, 1*W*

.I-
8* below conta#% &*7h. $$**.' 2 *$>p. $Wxrl«#»



. : ' (GS)
fcelow eontact̂ , 6» b̂ove, point-of upturnea,- block=,;

3*88* &.%0, #9%, W l
; ” 16s below ̂ ontaetif .S6 SSOs,. #6%,

% # ,  - , . .

.... %.&*. #,72, #**.. %,#0* #%*.
..,, . 1,98*. %*#

.!IWW;* #A*. 9*22
*l#r*w&,§t iscwetstga;,.. ^,^*00, 1.09 ,.

6^ W 3 W  $&.#..* #0%- #%* 1.00.
%  .Smtbey.. Sadies.;- of ^ o W  W  obt##! ■ booWo of .

: .tW potltion of'Ste • ''.. -
Sole.I' S’he uppez' .jog in the liaiastone iss; by the termination of

the; be#.by' the.fill, W e  s».Pit- # # # & .M
,J ■ ■ ■ . '

the limestoneV The lower hontaet: i-iith the turned up hloyh appears to
have been at a lot-rer %%erat#e,, than the ppper eoptaet* since % #

. ' , ’ '- ■' ' . .'-

cohtaet ih-not as. htrohgly metamorphosed* ##ib%r_ this, hloch W s  turned
‘ r ' ’ » ' ‘ ‘ < . 1 : • 1 '  ' . • ;

up after the magmS: had. #ooled Slightlŷ  ; * .
,Outcrop IZXj,.; SebtiOhikj,: I horizontal®..

^  abome # # 1  c m  W *  M l *
- ' 9#/ i*# ' ' ' ....... -
* - -  . .

* #ats#%. Oh t W  hand, side.; M l
notes'. W e  'area- directly above the. eye Is- shot, tlirough vith many tihy 

.sills.- $ome of these are only a fracfioh of an inch Wde*- W e #  Sills 
penetrate the limestone to s  depth of-0  or 3-1*- home, of these sills

'  , r  • . ; ■ ■ '  t  1 • , -  { . • . « • .......................  ‘ . -



to' fomwth# .<#8Pe # b  %. #o% etw?
fOaatOSf ̂ o2mW x1: Wl&mol'Q, < . , . ;

S H  .#omW#*. #' fhs. #o#, a # W b #  ;%kQ^

$ , %  3&»80* #4St &'#
p SWrf4$%i W W W  a,W^>' p g *  .|=Sj,-

'. - ' . . ,gBpStg*. IOtdG ; :
'. n SVf=-̂ aai5., Sn #ov# opatact,; % o'^oS=BS5 ^ a fl; S^soj,; p ig ^  '0o0G^

, ' -̂'.;:; ^ % s> 3a , ,-,. ., , , „ .Z . ;,. .
n' W ^ w«|=:|s W W I &  W^W'^i#'' 'W, 'Mftrpi '##=

'̂ «0!»# 'SoSp..
. # % ; #  M-I8Sn. W %  «q%, IT?. . #  a#.

■sciaest point= ‘ This eye is ̂ oygb|y ellipiticaX in shape, 
fhe.eŷ . tew^iatsF hose W # h % . W t  aost,^ the SSjEdihg. tends
:#;M* W W  It^ S,a8f. #̂ ;.. 1.3$

* In Wstf 'ponti&w S=Wf

■ - j w ^ m  .,,., ..;■ r,,;;........ -,..■. ."■ ,
"nIW^eOllly ̂ 1 ^ '  #,9^ k . %
' , ■ JHgf,» . % # % , 4 , 1 5  ■ ......,^ ., .., , .

. F h w e , &»%p.

' '' ; . . .  -
W m 4 T % ^ : . W W b * . 3.^.#)^  ̂ 8&

nI W ei-̂ =S=. Sn heioF'-eontset= 2»SI, ^
, %*; h e w  g w w # , . .^. 3 6 ^  it#



W
Hotes SbB WsiKg WefiS: in this, eye Sigt- # #  %  ZgfS* Ietigr

Quterop 11%, SeetionA5 k horizontals
&i/b' e&ovs jog in e#%,. Sr #30# tiny #%#„ %.Q^S.78,

■ 0 &  2;«tCi0-
 ̂ 3j8 ebo# jeĝ  .#om #e-oen̂ er. of tM" ssb'II ,eill WW»

'SpoiQos 2*76
" 3V-“-LoSos 18" # 0#  jog, Sp.G., @.71
<!i W-««I,o8o contact, on jog. this sample contains a small Sill, that 

Ieew- to gre#. into the limestone*. %.&** :@->'6̂>, 36»99>:
#s, i.t%) .

" 5V---»Sip. contact at jogo, SpoQo9 So^Sj, ^Cas BolO5 # g 5 ^oA5 
#%». 5.QQ

* left iwstKi point of jogo #»7$, #sb». L'0o, #8*
l<$o, #03, w &

tt W^eroSill: contact ti# hotk si#s - of' the jog, QpoGpr5. SofSsi $&&$.
4.6$$ #St &.#» #093, 2.30

” S-Vw^loS0 contact #th right hand part of dog* .QppG=* 2.74 
jU9*!b«&eWf a<%» SkQO

Outcrop Ill5 Section B5 I horizontals.
Sf- ahowieontaot on left- hani side, of Cye=. Qv73»

^Ca5 38.80; # g 5 %B0
f6 Contact* # #  tiny -Siill0 #1# Sill i's. from an, area

t W W  to, that, descrlhed-nnaor 'IISOSW. #1S Sample, is from 
S:' -Spot G8 above eye= Qp0Qor5, GofQ5. #a* 2&505 :#g* -IkIS*1 
#%*. 31.16



W
Slrightly Betamô phoŝ di, 8Mi above eygU Sp6Soj9 So#

■»■ 4?«— „x,0g6 Contaqt6 Evidence o f some effect due to ground water| 
Sndg dendrites present in limestone. SpoS0̂  ,SoSl.

'' $V— ^.So-Sim contact, ap.8*, S6̂  36.50,  #%, I 0OO9 # # 3,

36.18
* 6f*--8# l  contact. Sp0S09 e.?8,  #Cb* k.66* # g ,  1*3&* 1.96
* #* beic^ contact. W ,  #o&,. Kao, 1.30*

#8&a» l,7o
---- ’ ! • « * ’ , '

* S' belaw contact* 89,8^  8,8&* 3.W* #%, l.lo*

a,#
* 9lf^^ill contact<, W e  sill appear# to terminate the bedding

>‘ \ . -J1 ; '  t '  ‘ ' ' * ' •

'but; only on the .Surface* Sp0S09 2.999 ^Ca9 5»109 1.40*
8»98
Slt below, contact0 Sp0So9 2.76 

Outcrop I l l9 Section*-I horizontal:

aZ kqiw -^^ili*  Jk* # 0#  jog fat (# »  Sp.0.9 2,-76» #a». 3.9% 0%» 1*#*

^QOg9 1.53 .
« 27»««.Sill. B" above contact. ,%.0,9_ 2,7% .$0a9 4*0% ### .^30*

8"k3

* cwtagt* Sp,&,j 8 4 4  dkSsbs k.*W» #%* i"&0* #*&» 3"S%

4 %.G,*r 2.<%b # 1* &6.P0, #%» &,00

t6: ■%*': below contact. 2,70* Q̂a> 37*75» $%9 ,l«0O-
contact, W  #11 at, w e  point is covered W  limestone.

%«&.*. 2, 5.6* $ 4 *  4.92, # *  ,&.<% #&," 2=66
‘ '  1 > 1 « - d *  1 « > 'i 1



:'epntao% a&ght of # #  M #  $a#i% In ' W - W W 1
<# $, $*8&& eim. %,#,* &,??$ #&, $ » %  & %  #%)g, 2.%

A w W ; .  is&wdb,,. aK,d%rf j&&* '88*#*. #%& %*#
-.—

B36#9X5F*«w»S@» • gouge # # # # *  #.#.* ##â  3 W %

A. -eiSl-x'efOfenqe easê le W  W#> ‘Wen;Womva' B̂ ot.: 806 • •
■:Uy#1 IE‘S». ■ ■ ■■ ‘ 4> WS. to be m  e%e#le Of .uncontaminateS. s±W foeicr, #cmvw*
'."i' 1 ■, :
this sample' bacl more' ealoiie: ahg imfe' ealcium/Wn' many" of'the supposedly
W A m W W  sampWa' #' W  ###&. of #W1 was also .
C1QntamdnaWk • ■$$&? -$»80̂ . $%* &*Ao*, S»38>

to the left w#. ̂eplgnafed: w-e#W# '. t$& is-.the Wge'eye'Weble-,
on W  W  ' # # .  3 #  i'K# tq ,## 'fWit of'WA A#P0{p.
IlB is #ve|i% W o W - %  e o w W ' - W W  1». S o t # *  east
of SIB* almost Iw fhe ,gaily=-he%%h..&e two . Wopop I-
18 the small. # % ;  m  the. lower center of the photograph. Outcrop 111:
is the Wg###f, to- the-.rlW-ef the,pho|ograph*; Sili iS..,8ituKte.d
150 feet to left of the large eye;*, "and 10.0 -feei W W  W  H S  #  30
Wet to W  f i W  of 1 % .  W  ,H# 1# W  H B .



Figure 18. 
OUTCROP I, SECTION A, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Tt I-- Limestone Specific Gravity 2.5 2.7 2.8
Sill

—  K

Scale

4# 5$ S i  rJ i Qi
(Percent)

O'-Calcium As CaCO^ Calcium Other Than CaCO,
O=-Percent CalcIum3As CaCO3 Times Ten. v  -  Srx=Mi

IÔ  11% 12% 13%

Q  “ Magnesium 
ic Gravity

(Tl)



Figure 19 
OUTCROP I, SECTION A, 2 HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Limestone
Gravity

Sill

Scale

O T

□ lT T T I

Q  - Magnesium

(72)



Figure 20. 
OUTCROP 11«, SECTION B, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Specific 2.5 
Gravity

2.7 2.8

2% 3# 4% 5̂  6̂  7% 8$ ^
Calcium As CaCOo
Percent Calcium As CaCO^ Times Ten.

Calcium Other Than CaCO^
Specific Gravity Magnesium

(Tl)



Figure 21 
OUTCROP II, SECTION C, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Limestone Specific 2.5 
Gravity

Sill

Scale

O  — Calcium As CaCO.,
-Percent CalciunTAs CaCOo Times Ten.

Calcium Other Than CaCO. 
X- Specific Gravity ry _



Figure 22. 
OUTCROP III, SECTION A, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

m • Limestone

S  -  Sill

Scale 
3/8"=1'

o# i# 2,jo yjo

O-Calcium As CaCO-
O - Percent CalciunrAs CaCO^ Times Ten.

4# , 5# 7# 8# i o*
(Percent)

& —  Calcium Other Than CaCOo 
y. Specific Gravity Q —  Magnesium



Figure 23 
OUTCROP III, SECTION A, 2 HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

£5—  Limestone

g g - s m
*

Scale I'
3 A"==1'

xp

\

Specific
Gravity

B

If0
-U
2̂ 3# h i 5̂6

—I---- 1-- 3,— .— ■ ■ ,
6# 7# 8# 9# 10# ii#

O  —  Calcium As CaCO^ ^  - Calcium Other Than CaCOo
-Q- - Percent Calcium As CaCO? Times Ten. X -  Specific Gravity q  - Magnesium

T9
U



Figure 24 
OUTCROP III, SECTION B, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Limestone
Gravity

Sill

Scale

I I , ' \
0$ l/o

^.-Calcium Other Than CaCOo 
X  Specific Gravity g  - Magnesium

O - Calcium As CaCOg
-©■-Percent Calcium-3As CaCO Times Ten.



Figure 25. 
OUTCROP III, SECTION C, I HORIZONTAL: 

Specific Gravity And
Percent Calcium And Magnesium Versus Sample Position.

Specific 2.5 2.6
Gravity

Limestone

—  Sill

Scale

©  -Calcium As CaCOg
-©-Percent Calcium As CaCOg Times Ten

&  - Calcium Other Than CaCOg 
X -  Specific Gravity Q  - Magnesium



W
DISGU3SIGU OF GRAPHS

The preceding graphŝ  figures 18 to 25 were prepared in the same, manner 
as- were those in the hody of the paper*.1 Thê r express: graphically the 
results of the chemical analyses and specific gravity measurements« in 
all cases, the results are similar* that is* there is a pronounced, high 
in the calcium* magnesium* and specific gravity curves at both contacts* 
with a tendency to remain fairly stable in the interior of the sills,. 
in all cases there is some sort of relationship evident between the 
calcite* and the calcium silicate.

HSTROGRAlHIG STUDY
• • ; I - ( • « , i 1 i

Section Il A IH W* "
Description: Ihis slide is a calcitic marble* t-rith numerous -fissures

" ' 1 ■ ■ ■ ■ '' ; '  I : i

and cracks, It shows evidence of some eataclastlc adjustment* in that 
there are numerous large, fragments of calcite surrounded by many finer 
grains of calcite,

Along most of the cracks iron has Concentrated* in. the form of magne­
tite, Associated with the iron IS. a brownish opague substance.that,- 
seems to be attacking the calcite*, The magnetite is -deposited between- 
the grains of calcite*. while the opague. material surrounds the grains 
of calcite.

The magnetite could have been formed by reduction of hematite during 
the deposition of the limestone* but* it is much more, likely that the 
iron is the result of iron rich solutions emanating from the adjacent

m w ,  . ; , . . ; „ , .. .
I. Figures 3* 4* 5»



Sbgtkm .. .
K g cIc type:. AMeg i t e  Porphyry Estimated $ composition

Description: l&tin minerals.: plagioclase^, .AnyoAbgQ-T-^T-----70 .̂

, 0£L^Lll53.Ty 1T1 w Wr*,e •? «-«* ro <u WI i w Bft-KV Ne ^

*" ̂'liT’“‘■P "! ̂*»-•» WtwI *<1 <

Ehis section is heavily leathered; thus it, is very difficult to 
' obtain clear relationships*. , ,
Accessory mineralss sericite, hematite, thomsonitê  penninite, pyrite, 
pyroxene, Opali magnetite*
Relationships: Plagioelase: Much of the plagioclase. is fine grained, 
and much smaller than in other slides. Ehe plagioclase. is fairly free 
of inclusions,, hut in some cases calcite is included̂  and. doesn’ t 
seem to he due to ground water . Associated with the plagioclase is 
much sericite and some magnetite* Hornhlende;;, Bie hornblende .has1 many 
inclusionŝ  mainly apatitê  calcite., and magnetite* Ehe borders of 
the hornblendê  are much corroded by sericite* • and in some eases*, pennin
ite, Ehe hornblende phenpcrysts are quite large, some are. 7/l6tbs

' . . . . ' ■  ' . . ■ -

of an inch in length,
' ' , 1! . ' ■ 1 _ " . i t . :  f  , . _ 1 , " - ' . '  .

Ehe magnetite occurs at random throughout the slide, and seems to
, ■ - . • ■ i ■ ■ < •

; ■ ‘ ■ •• • , • • ' • ! , i

be due mainly to the alteration of hornblende and pyroxene. %rite 
is closely associated with the magnetite, and around both is a halo
of hemitite.

Ehe calcite present, seems to be due to two causes, namely ground
water deposition and inclusion of the. surrounding marble by the magma,

: . : ; • . ' ■ . . . : . ' '



I

W
She former Seems to have supplied most of the ealcite, tme thomsonite 
and gome of the penaWte appear with the latter ealcite and are also
associated with some hornblende and plagioelase. 03ie opal occurs 
along cracks ̂ and veins with the, ground Wter .-deposited calcite,. ■ 

Histpryi When the magma was injected Some of the calotte was torn 
away: from the walls '.and became incorporated in- the magma,, QMs seems 
evident from the high anorthite content of the plagioelase and the 
inclusions of calcite in the hornblende and the plagioelase,

fhe early minerals, formed were probably pyroxene and olivine With 
the .hornblende oceuring later. The pyroxene etc, were, rather unstable 
and broke down to magnetite and hornblende, Most of the magnetite 
seems to be the result of the decomposition of the pyroxenes.

The serieite appeared in the deuterlc stage of the magma and attacked 
the other magmatic minerals and some of the calcite,

The final Stage seems to be the deposition of calcite and some opal, 
by ground water.
Section: II&1H6V:
Hoek %pe : Andesite porphyry
Descriptions Main minerals,:* plagioelase, Ang^Ab^-------- 70$

hornblende**-— „ ̂20 y? 
pyrate---— ————  ̂̂ 
accessory w*,**-.,

Accessory minerals: apatite, augite, calcite# penninite, Sericitei 
titanite, magnetite, olivine, and very .small amount of guarts,

Relationships * there are many hornblende phenocrysts throughout the



rock. !Ehe- length of these phenoorysts Is l/h of an Inch. Included in 
the hornblende is apatite and in quite a number of cases, plagioclase 
and to .a lesber extent, Calcife.. She boundaries of the hornblende ' 
phenocrysts are fairly sharp but all have been attacked by sericite.

plagioclase forms most of the ground-mass. She plagioclase is 
noticeably lower in anorthite than was the border slide*' Much' sericite 
has attacked the plagioclase, mainly in the core. Some calcite .and 
a sizeable amount of apatite are included in the plagioclase.

She .calcite occurs as inclusions in both the hornblende and plagio­
clase and also as pods occupying the interstices between plagioclase 
grains, tittle of this, calcite seems to have been deposited by ground 
water. She augife is in fragments throughout the slide and. is very 
much'altered, mainly to hornblende and magnetite.*

She. olivine, titanite, and quartz are in very small amounts through­
out the Slide.. She quartz seems to be present as an afterthought̂  
since so little of it is present.

history: the first minerals to appear were olivine, pyroxene, 
titanite, and plagioclase. SPhat the hornblende octiured later is Shown 
by the inclusions of plagioclase in the hornblende and the association 
of hornblende, with pyroxene relics.

Ihe sericite Seems to be one of the last minerals formed as.it 9 
BttaekSi both the hornblende and the plagioclase,
Section lI&lHfV
Rock %rpe: andesite porphyry
Description: Min minerals ?. plagioclase, Angg, Abi^-— -— 70f»
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A W @ l W  Mh@ral$i ' 'aagaWite*': oaiolte/ seylaite/ apatite,#1 ̂eariiriite4
pyroxene,' aad dliviaei, -■ ■ • - ■ ' ■ ' ■ ■ • ' 1 •
HelationriBips i' Trie hOrnhleriae is fairly bleah with -boundaries riot '
"badly attacked' by. penninite.' Irieluded in trie hornblende are plagio-
clase, OaleiteyapatitriiliPyritey and magnetite,1 .The plagioclase is
for the ■ most ■ part • rather fine grained with numerous inclusions,. These
inclusions are ealeitey elirine#. pyrofririê  and' apatite:, êricite .
attacks the; plagioclase mainly at the core". • ■ 1 - '■■■'■ - ; ■
■ -The: calcite is present both' ari a vein filling' arid as isolated- pods ' ’• !
arid inclusions-. The first is very obviously; a: ground water deposition, 
while the latter ■ serims"'more the- result" of - an 'inclusive action by the 
magma. ■ ■ '■■■■•' . ■ ■ . . ■

The pyrite and magnetite■are:dispersed throughout the slide with 
the only■noticeable concentrations bccuririg'at pyroxene refiris." ’ 
Penninite also occurs at these' relicsv ■ ''

History's' the history of this slide is the same as that of the 
foregoing' slide. The only' difference is the presence of chlorite and 
calcite* the chlorite deposited during the deuteric stage, and some, 
of the calcite deposited by ground water, : ■
Section HG* 1
Hock Tyees' Skarn, or hornfels, and amphibolite facies, 
description;- this section is of a tiny sill through - the'marble,



included within this sill are grains of calcite much finer than those 
on the contacts

(84)

Sst» Counted
C Q <2. Ier irt.«* W  W - W  HBiMM % 1 » 50#

kOft> 45*70̂
W  •" w -w  -f «  W-M-M h** W  #*W f* “« 1,980

W " * — i-F M * - - J -  ■*«.**- 4 .770"
*f f* ** i*. w  «* •* we m $*700

Accessory mineralŝ  pyrite, hematite, penninite, Woilastonitey
and' pyroxene relics, -jpepniniter^,?# pyrq&ene^l^W . . , :

Relationships; the only fferro magnesium .mineral is.• the pyroxene* 
Outlining the pyroxene is penninite, while in the center, and composing 
most of the bulk, is clino-soisite. Also associated with .these; relics 
are calcite, wpllastonltê  # d  magnetite* , , . , . : :
■ '■ Oalcite and, ciino-soisite provide most of the: volume of, the vein, 

Where grossularite ,is present it Is In the.form of. blobs, of differing 
composition. The order of mineral appearance-, from the outside in is 
penninite, then penninite and;grossularite, then, grossularite, and 
finally,at the. core,,; calcite*,

History; this small sill seems to be the result of the encroachment
of silica and,iron ?ich; solutions ,upon; the, breeciated.spne of,the lime- 

• stone. Due to. the metamorphisim. of the marble - the zoisite and. wollas- 
tonite were formed* The pyroxene was .,probably. present ,In the original 
intruding solutions but became Unstable iBnd ,was./readily metamorphosed 

7 ̂  th® chlorite,*. ft is difficult to determine; the, history and relationship



of the pyrite and magnetite to other minerals,* All that ie Imptm for 
certain is that ,the hematite associated with these two minerals is later

A statistical study of this thin section was made to check the. 
estimated percentage. composition and also to try and ascertain the,, 
amount of space contributed to the .magma by hrecciation. %o do this 
the percentage composition of the thin section was determined through 
the use of Kip^a-tone, ■ Zip-a-tone is. ■simply a transparent Cellophanê , 
paraflne-rbacked having uniform dots, printed upon the cellophane surfacee 
fo use sip-a-tone- to estimate the percentage, composition, it was first 
necessary to, remove the parafine hacking,, . following this the sip-a-tone 
was fastened,-to the thin section,.with rubber bands and, the section , 
was then studied under the . microscope . . To estimate the; percentage , 
composition̂  it was only necessary to count the dots on the, sip-a-tone 
over each mineral., .Ihenj,. !mowing the. total number of dots, and. the 
number of. dots over a. particular mineral, ■ the percentage of this mineral 
in the thin section was easily calculated*,,. , .

Using the, percentage, composition obtained in the above manner a 
theoretical Specific ,,gravity for a rock., having, ,this composition uas 
calculated. ■ The difference' betsreen this: specific gravity and the 
measured specific- gravity was ,attributed, to ,space. .

The volume that a rock hewing the calculated specific gravity and 
the volume of the rock -having the measured .Specific gravity was t . 

calculated. The ,difference in volume gave the volume of space within , 
the rock. .The per-cent of the volume occupied by space in this.partic­
ular section was found to 13.k%. . ,



No particular significance is, attaeiied to the magnitude of this 
,figure. The reason .ip that more ,studies should be mde on .ether ,small 
sills since it is felt that this one Study Slight hot he representative,. 
The .qniy.significance attaohed to. the foregoing ,calculation, is that it 
seems to indicate that ■ hrecclatlon, contributed:space to- the.##%, That, 
gross hrecciation has, been an important precursor - of ,intrusion , is. seen 
.in,, several of "the outcrops...
Section? imiKLV
Bock type: calcitic marhle
Description:. $5ain imnerals,:,; calcltev——- - - - —- -

magnetite,, pyrite^ .& 
hematite—  ̂»•,«-* *.—■> *1 d 

Description: this marble is fine grained; and equa-granular vrith
numerous fissures* Neighboring the fissures the marble is of a larger- 
grain Sise., Throughout the marble is much opal, magnetite.,, and pyrite 
History: the finer grained marble might have been formed by brecciation,, 
or by some method whereby more nuclei were supplied for Crystallization. 
The opal, could have formed either from simultaneous deposition of the 
limestone or by ground water deposition* There is no evidence to 
distinguish which of these is the more probable.

The magnetite could have been formed by several processes, namely, 
reduction by decomposing organic matter of hematite originally deposited 
with the' sediments, or reduction of this same hematite by the adjacent 
magma, or introduction of iron bearing solutions from the adjacent magma



#7)
whi ah, had a tendency to metamorphose * the - limestone and also to deposit 
iron*- • It ie difficult to aecertaih which' one of these 'processes, Ie ■ •
correct. • : ..... . , ,
Section-?,: M XIklW V ■■ •• . > ", •
ôdi,-%pei caicitlc Wrhle-* - -' ̂ ; •/ < '• ■'

,IiuC " '
PeScrrption?- - : -hĥ in Mineral? * , c a l c x t o w •-

" ; V •/ 'Accessory aineraisg opal & heinatite**,*-.--..-=--=-!̂

; • ®ie: HiarhlO is-"Shot through With several Small fissureŝ  having 
fine grains^-Waieits along- th# edge#1= In most cases this ealcite if 
much finer than that in the marble. One large' fissure has large ealcite 
grainŝ  and on only one- Sides, a band of hematite = EoWing out into 
the marble, is a sort of earthy appearing. fronts; On the other Side of 
the fissure, there are large gnains of calclte, Surrounded by many . 
SXQaH^'gralnso 1 ■- ■ : - ■ ; -
■ Histeryir. '-lIhei-Iimestone- was metamorphosed tomarble' by neighboring - 

magma=, ■ During the intrusion^ the marble ifas Subject to Some ca-fcaciastic 
m6vei#nts 'SS-rŜ iideheed by the1- large- gralnf of daleiW'bih?rdunde'd by ' 
Piionite0' At the same-time fiss-ures'were-:opened'allowing the entrahee 
of iron bearing solutions o Ihls 'iron then moved into - the marble ■ in a 
soft of Whemical front=, ’ ■
Beetion IHAIHSV : - •' 1 " - -
Rock 'iypei ,daleitiC, marble ■■ 1 ' ■
,Seseriptioni - .Main- mineral's-: .ChSei--W . -

■ • Accessory minerals S- : hemtite and opal. '

this slide -if mueh the same ae the previous one- ' iIhere1 lSre- numerous'-



(68)
■fi|stape| in the Biarblej, end dome iron Ms. move# into th# marble giving 
it an earthy appearance0 Mie; general history is the Same as that of 
section o

Section I I B W f  
Bock Type; Skarn or Hornfels
description? This slide has a very tiny vein or Sill within it.

The vein does not go completely through the- slide but stops-In:-the center. 
Main minerals?

I , j ; ,./

clino-SoiSite«=”•=■«•””->'"̂»■===='35̂

‘ 1 ■ I ■ *. \  ’ 1

, . .

Accessory minerals ?• magnetite. MMtite*, fclAastonlte# ■■ Chlerite^, '

,,, , ..

Belationships.?- The hornblende phenocryste appear to be greWng in ,1 ’ ■ 1 ‘ , '  . ,< I » . '  i ' v .

the vein, and eKcluding the other minerals:= However, there is Some, , .
. ' .. • . :  1 : - « - . * , ‘ 1 1 5 • . 1 \  •. i 1 1 ;  “ • ‘ v

ealeite in the; Mrnblendevjs, that M #  m  Iflf- W&k .being- ,converted to, 
hprot>asoae,, .. . - , , , : ,,........ . .. ,, ...

^ , S M W iMterial Mght ,be dome-Wonselldafed iron .and si#c%, 
that is.in theproeesa of ̂ eW-Wferted-fe, a hornb^W^'--,fWW: 
places this earthy material, seems to be growing .in, a hornblende ,like

- ■ . ‘ 1 ", • ;  ̂ ' 1 - • !; f '  » J 1 ' * '  I , , I : i:  ̂ I ) •  ̂ , ? ■ iF '  . • , '  •

forma, With, a fim. of clinp?Soisite #ound this*.and around the SoWf®-

,, , :
.. The bordering marble .does not !.appear, to., have been shoved aside* W

rather to ;3mvs- been incprpofatOd^tbin. fhd'W W W n g - solutions* ,and

,converted to.splsit.e*;M d  WPllasWW^ : i ; , • ,



out into the marble th@ye,gre CTUHeroW fiSsnreĝ  all of which . 
have iron stains, along, them,: • W m - the: fissure's: ..are. fan shspea- areas*, 
where the inciiriolual ealeite grains are outlined by. the "earthy material, 
Within these fans the. ealeite is much finer grained than elsewhere,
. History? . general se#enes of. eyen#.-iS'as follows?, 'iirsf 

_ fissuring, of the marble*', then the: entrance, of solutions from the magma.
###* solutions converted the ̂aleite te soisitevand- WoHastenite* 
,.Whether the. earthy-material .repregehtsvthe:.origina.l-mterial..-out of 
. -Whleh the- hornblende- W s  formed*;--Or -whether it-,-iS'4ue to; the. weathering*

(89%

one would expect a concentration ,of hematite -around the hornhlende* and 
the magnetite?; hmfeVer no'sueh ̂oneentr^ion. is-'evident*,--gO' if-̂ sl ■ . ., 
assumed that liiis ,material, i-s the source-of . the -hornblende,. - ■i -
• Seetipn limiHg? . -I-

. - ' grosSularitê *̂ M<v*'«**-v*fl-~w*'̂'30%.• ■ ■ • • ' •. : • - I -I , .:> V ,  >'•. -• ‘
; ' horn.biende,a,«we,*",ti,*#*̂ wf,‘<f,*s,*,”,i*?fs?**-l§̂ -■ ■ . ■ ■ ' ■ ■ ■ ■ ■  : I .).- :■ i ;■ .-. /  .,

i., » . - - I * i t • ^ ^  )  X

Aeeessory .minerals s diopfide*. magnetite#, hematite*; ehioflte* some

She hornblende seemed to be grot-ring rather than weatherIng5 aS there. • 5 . t • * • ' ; I ‘ I ' *



■ (96$
it. a halo of fins grained, earthy material around; thS hornblendê  and 
at, a uniform distance Wayc The boundaries of the hornblende are fairly 
Stetrlys,. -and haven't been attacked hy :<ŷ Lorite"or SsfieitSo 53ae only 
inclusions in the hornblende: -.are apatitê  and a very small amount of 
Caieites. .

•’The diopSide seems to be Unstable and has broken doW= Surrounding. 
the diopside is a thick .mass of grossulafitê . .and some fine grained 
earthy materiai* Also .'associated with the diopside are .magnetite*. 
hematite?- apatite? # &  Chiofitee, . . .  ’

W  'plagioelase is in the form of phenocteysts# and haS-Ssrieite -at 
the cores and at the fimSo TberS is SomS- calcite: included in the 
plagioelase,. The. plagioelase. is zoned, and, in some Cases. shows oscill­
atory zoning.

Historys Since this material is- so close to the eye, there are ■ 
many -overlapping .metamorphic faeiee1 presents -Weae-tend- to confuse- 
the issue and make it; extremely difficult to .reconstruct the- history.

Probably -quite early in the proceed diopside -appeared, followed 
by plagioclaSeo It seems that the plagioelase. IS later? since- none of 
it is included in the pyroxene relics,..

The oscillatory ,Soning of the plagioelase might be d# to fresh 
waves of magmatic, solutions flowing past- the feldspar? and causing it 
to crystallise in the. same order as before-, The hornblende #S- pro- 
bably quite late-in. the ldheme, Since, if appears’.to be gforing With 
the exclusion of everything else-

The magnetite seems to- be of a secondary origin?'"since, it; aCcUrS only



M
.£nr«oa$ti&6Mc>n ̂ J.tU'tte ps^Q^ae.^iiosv. •' ''■ " ■; : < • . = • ' ■• : v
••■' #19,#8^1%-a#af^og^sent^'itie?.'̂tiast-anSaWedli* - ; «■
^btlm • r ;■• .- . : .■■•:■ ,. '• % i .' . r , ' ■" , .«■,.■ ■
jStisSfc.tSpeif &&]$&&* ' '. ' :'" •■ ' : i' t. •,, ,. K ; :. / , v. , . .'
,Description? Main jainenais? plagiociaSes

• • ,• - •• •' i 1; ' 1 •' ■ ;
• . •• 1 *•! . •■• * '- . ''-V-

',. 0 :':.'' , : - ' \ - , • ' " ' • ■ "• ......
* ■ _ ; ....." ••• r aatees§03?yw^^^^^wVN»!e^<#w^r^*W^5^

r r . i - ; - . : ■ ■
■ Accessory minerals'? " Galeitej apatite# Sugitej, chlorite, .BeriCitej,.

rV. ' V ;
olivine*. "icteatiiication iog- the; olivine, ie only tentativê ' W - : W

■ - '

.crystal:. so that no figure $<tm possible*' •• -; •••
.; /• -.̂ elationBMpe? ,• lhe,'.'Caititte:is;in:|>Q̂B. inciuetone-M t M n  = W  -■ 
piagioGlaBe.# and doesn’t seem to he due to ground eater=.

Ighe-=Pyrô ene'm  'ih iWgWte>- -end= .seems to 'have- hrofeen-. do# 'to 
hornblende, and'magnetite= " ; ' ■ ' ■' ■
■ - The =Plagiociase- 'Contains:. - numerous ■ inclusions, notably Oaleite and-, - 
apatitê  and some 'magnetite, s !here is much Sericite attaching the.
.feldspar- mainly at- the/borderb#- snd 'in;..fts'eweB: In: 'the:miheral»’ -' 1 •
: The. hornblende is fairly large,' some of the phenoerygts .are l / k n 

long? te,- inclusions in: W  hornbiende;.are' apatite; and: magnetite?
Along the borders of 'the hornblende ;serici-te m & .chlorite have; OWbhedj 
giving a corroded appearance;, to.’ the borders.;; .• v . f .1 "
. . History? 'The .appearance of the -minerals.'in. this roch seems to foilon 
Soeen8S reaction =Beries?.- .That,is the OliVinej- and pyroxene, appeared first, 
followed, by hornblende^ and, the rather eodic plagioelase*- ■ The ,chlorite



:<92)
. W W t e  i$«#';$9*0W3ar cstage

: $ ^ ± 0 m : IIiUHTV

Descriptions Shis -,m oftiW .Imp ,'B̂ small, :sill running through it,
.Jfeiin ,#in®rai.&s #8%%&tê *̂ ***4f*'?̂ **̂ **%**̂ **̂ ()̂ '

. -.Atieaaeoty • ininpraIS'5, -e#itiittî  • psnninita;, #o#tistonit%4'#ppei$%

; ' . „ . . ,. ... ., , , ,

'Hilationehî ps. lShe tihU-tiite ia -finer grained.-.1̂ithin the-yein$,.-than 
■on the -hordefs, ■ #ong- tha:hor#ne: :the laarhle;has-'h#n.-ffagmente'% -and. 
at - one point the .vein has been - SispIaeed5 -ha though the vein in 
a. tiny fault, Ifeeh of the calcite ifithin the vein has been altered to 
elino-polpite^ and to a.mtih lesser extent to;'WOllaStonitê i _ She Vo#a$*- 
tonite is mainly concentrated on one Side of the. vein and is directlyI -r ■'"> f • m •' f 1 • • ' > . ; • ;t.' • ■  ̂ . ■ ■ '’ 1 ■ « s

on the contact.
Paralleling., the vein and, diSplatied a ,slight, distance. into the marble, 

ip. a. concentration of magnetite,- This .magnetite' is present, as-.small 
"'globŝ  or fragments o„

; ' • ’ , % J  y  /  ' - i ' ■ - ( ' . ' • ' * ' ' . . , - - I 'I

Were magnetite-; appeals. in the. vein it is- assoeiated # #  pyroxene, 
relicso- ' ■ ■' - : : ■ ' :: ‘ ■' . 1 ' - " ; "■.■■';.'■!• • ' ■ ■ "- ' . I' . '

The. hornblende- has. inclusions ôf,;â tit%, and in some tiasê .ealeiteo 
The hornblende seemed to be- groxfinĝ  and--feitiluding #e ciino=SoiSiteg, -



# )
and most o f the calcite.

Cteitgide -the W a  are; tiny fisWes fiHed W h  magnetit# end 
Bordering these fissures the ehieife is much finer grained than elsewhere 

History si The first Wners# to appear were pyroxene and olivine= 
pollbwihg these ease hornblendê , some: df'Whieh was fbfmed by the 
.alteratibn of the pyroxene and olivine* ' ' /

The- magnetite' bordering the vein SSSSf' to be due tb a Stirt Sf Chemical 
front* Ihe 'calSite included in. the Vein seems to have'been tern off 
the bordering; VailSj,- and waS included, in the vein material. 'Some of 
this cslflite was eonverted to a- elitio-sbisite» and wiiastonite*

The Shiorite- and sbricite 'were the .last minerals to appear-=.
Bestioni IIIdlHSw
dtiSk Spei- "Andesite porphyry*
description g Main Wneralsi piagiGeiase* AnYgAb2Q - =.®*r=™«=.-65/a ■

hornhletide”“«-®”=>"==?*”"«”~>'»===»»205̂'
magtietitê"**"=,=?=-*-,̂!-•!«»»»«« «•-*•«!»‘=•=‘*10̂

accdssory””"””*’'"°''"”””"*”"*°=””'o‘̂,””a'eeaSf̂ 
Assessbry wneraiei ' angite Iragments5 Apatite5, Saleite5 Penninite5 ■ 

and hematite.
Relationships g #e. hornblende AaS many InSinsiond5 mainly apatite, 

and magnetite* The grain boundaries are Sharp and Show little sign 
of etShlng. In, :& few SaSeS, Vherb' is; some, -piagiosiase insiuded in the 
hornblendes but the hornblende seems to have tried to. expel it to the 
grain boundaries*

The piagioeiase also has numerous; InelUsionS5. mainly Saisite5 and



W
apatite <- : Quite often: the plagioelase has Oericite at the cores=

Wie..'.magnetite.- oeeufs at. -,oâ om, - in:;W -  ̂odsi ■ Mth; the.. oniyf'.notie.aBei:
c. : •■ r - ■ „ ,

Hieto^S #.iS:.'#r-a, :%|>i;oai;,;isnOW '̂oete',. -an̂  the mu&f&L 

seems .to "be that ,̂Ofrthe.BosjOavsepies-i ... .: , - .;
. .. The high anofthite. Oontent1=Of: the: piagiociase- might simply fce theViC'.;; - " - 1 '
result pt .early:i'ewotaiaisationfl.f.but.v the:= caleitie infusions .sow to. •

Y -  '

gpl#, #  W'#p3#naW%, : • ? *.,• . ,
. .' The ̂ eeeuee of::SeMeite:,at the-..eores of,;the■ piagio.eiase>.. singly 
ItoHdhW that Ihe-Oetes1 teo# more:weeeptihie toieorrosion=,.

The hematite ■ suiromdlng.,- the-magnetitô . seesnS' to he the result of 
f̂eatherings :. ■ ! ' \-
geetibn?. =HiSWW = ,

'

description = Main minerals s.

hoonhlenOeŵ ŵK.~)*ŵ ,»“.̂ ĈT.»»̂fe«.s“s»i5̂

? •: : w  ■ ■■■ ’.r . .
; . M . Bc6esaory”1™te,e»a,*«”«”e‘=i""o,”“'™”,a"',°m"a,a5/3\€

SOeessory miheraist -- thoi#onit%, pennWteg;' miopsi#% % Y.
magnetlW:toHastonite=■ , ,. :.;, , :. ,: c ..- : ,; ;;• •
..," Selatiorishlp?.■ the WdWWer ### to W  "
Sinee ■ ther fragments are all aligned̂  the horriblendê mtoSt WWiheen- ,•
gr,OTilng rather, than being altered® 

1.® See, ' Bowen,, #„ L= > (IQaS). . . .■



W
Isi .0ont;aet # #  some g f the hornhlende is 4iopSI<tej, that seems to 

ho in the Ĵ oceSs of being converted to hornblende= Snrronndiiig the 
■ hornhiende and diopsido ia -& halo oi" ,ohrtW ,Wterialo .* &is- halo 
h'-koe^ -# halfo m  -distbteo # #  hornhleiido> hat i# intimately asaô '
- - 'Siated1TTlth. the-aiopsida* ; -Biia halo; iniscsaê eases.-.seams: to he--so%oged
- = of Wsr flnev,gtaineS:.;eMaO“S0i#itav f,:©ae.; hô nhlendO .seW to-, hate1-iMSn 
x̂grorzlng to #e  #e&sion of all the other mlnehalSg- as -evidenced hy
■the. .ooneentratlon. of them along the hordef% and th# la# of many 
" Inclusions In the ,hornblende=

Bie T#st notloahie eoheentraiions of- gro##sf!te a#eari':among; ,th# 
fragments of hornblende,

• • • ' * I * ! ’ ' * , - ' . I • ’

- -" BiO magnetite appears .almost exelhSively. Tfith. the fra#WhtS of ,
hornblende=. ' ....• - - • • . . , • ; 1 •

fhe oliho%oisite and-oaloite form the W k  of %is tiny mein= - .fhe 
csaleite is much finer ,grained TTlthia the. vOin̂  than, that bordering . 
the Win= ' The elinos-soisite appears ,at random, thronghont the,#l%' 
and seems to he the result of an alteration of the eaieite. .,

Bie wHaStonite appears , in eon̂ iaiotion Trlth. thje'.hornhlen4e-4nd, 
gro9sularlte5 and, see# to. be dne to the alteration of small' amounts

Ohomsonite appears in a few, isolated pods along one Oontaet5= and is 
associated With 0#elt#^ olinorsoisitê  ana. grossuOarite. - , , .

Where penninite is present it is mainly in COnjimetipn with the;

, : . . .  .„. .. , = , ,  . ... . . .  . . .

history: Oho seguence of, events is as follows:



' # 6  brWiajiMg. fisaweS1 'w@sp&; 6B6«# Wthjiti ..$&»
Into these Wasures magmatlti solutions Iaoved2 and tore some of the 
Oalditei #ay #om the #ii$. W a  Oaioite w  .converted to wliaatonitey 
olino-goisite, end grossuiarlteo ^ohably the diopside formed at the 
same time as the above, Sdtieraia0 Ihe diopSxde altered and. produced 
-'Some of the Wrtihiende2 and- much of the - magnetite, final, "stage 
W r  the production, of pentiinite2,. and, thomsonite,

Sections IIIClT
BoCk Iypeg Andesite porphyry
description: Siaiti .minerals g plagioclase2. Al\!QQdhg0'”"a""'“'o"‘oa70f»

accessory-”””— «““-«“•“-*“-— '”““'-■=■5̂. -• 
Accessory ,minerals.? Sericite2 Chlorlte2 -Iiematite2.. Spatlte2 Gaicite2 

and -a very small amount of Clitio-solsitec
Belatipnsiiipsg'1 Ihe- w # # W 6  has lnciusiotis of apatite^ Caictte2, 

and piagioclase'e Ihe csieite' # # #  to have reacted w #  the hornblende:f,"’:i>:': 
as there, are many sharp fragments of the hornblende projecting into ,
. the Calcite0 m e  boundaries: Of the hornblende have 'been etched by the
chlorite, -

fhe inclusions, wthin the-plagiocinse Ure2- <%lcite2. - hombiende2. 
and Some magnetite,, the caicite Very often appears to be the core around 
which the feldspar -has grow

=Ihe- magnetite occurs .mainly around pyfo#ne reliC% end IS ̂ itCi 
heavily Watheredo 7Ihe hematite forms' a halo around the, grains of
mgneti#.

121176
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The qaleite not only appears as cores: within the plagioelase hut 

also in large irregular todies that Iooh like nnassimilated Iimestehe= 
Historyg The history of the Mneralf; in this ro.dk. seem to he quite 

straightforiW&i, in that, it follows the reaction series,, Of particnlar' 
interest is the high anorthite content of the plagioclase0 This seems 
to he due to assimilation=

iThe chlorite and gericlte were the last: minerals to form from the. - 
magma, She hematite i$a@. formed hy weathering=

Seetiong Sill -reference *J',. : : ;
#0# %pd& ; %artk ::diOri# , ; J . , ; . I :

,,/descriptions';, Main #ineraiss. .-piagiogiaSdsiv^^hWT-^^^70^

i •; ; •; ;. ■ . - ?gagnetitd: ■
. ■  • , , , ; . '

Accessory Mnerals g Chicritel,, pyroxene.̂  Mleite5 Mtanitg5,- apatite, 
■Heiationshipsg--,, •,The ,p2#gioclasg- -is;/Soned-and contains;- caleite and 

in. some -cASss. ,hosnibiendg-as. inclusignŝ  ■• The pSagioeisse ;kas..,heen ;;, • 
.'SttadtcediIy.sfrici-tg.mainly.At. the'..gpre,,.; ...: 3;, . ,. :/■ .-
*... -;The,„.dslcite;--present.;sgsms -tOuhg- -due;-,to- m  inclusi#. Adtion ,hy thg 
m g m * since there is, no evidence that̂  %e.,da^cite,, ip dug tp^o#!,. 
^tprof .#1%,-caicite.sepms,to ppdupythe.-int#rs|;ipeŝ heWdn,-##grains 
ofplagioclaSe= ...
' The,hornblende i§,eorrodfd5-,;;.hut .retains mnch'of its' shape=- 
. ;The inclusions MthSn -the - hornblende are. plsgioeiase* sa@®tite>,. 

and .apatite=... . ■ ; -,. ..,- : . . .; •
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History? She general ,Sequence' seems to h@ that of the reaction

•■series*. She; i@#t SdnSrals, 'appearing: we- seriSit% and ehlorite, 
lfeile this fast slide falls: as % reference for' the Slil rock in 

general;, it does tend to show that the afpeerance -and Composition of 
thS sill, would, he if the sill rock were not $' porphyry=,

'OUfeROP liil HSg'IlOH #.
!date .W is a photograph of outcrop ill. Sections 0 and B= Figure,

• „$6 is: an overlay of this, photograph' Shotfing the ffScS of th# ’heiding ■ 
planes around this- Sye= Ho chemical. analysis could he. made of this 
eyS,, Since no samples, cohid' he obtained, from i% 'fhe principle #,ffi.« 
cpity sas the .large1 overhang at the top of the eiiff. wich. made if 
almost impossible to get into the SyS= If might. hW possible to pork 
ones nay from outcrop ill C, shown in the left hand Side of the plate, 
by hanging onto the cliff̂  -and # #  or less szinging oneself into the 
eye* ■ only difflchltf ̂ fh this IS that if one slips one #'11- fail 
away from the cliff a distance pf some 8o% thus,: presenting a problem 
in getting back to the. cliff, and from there,: back to the ground= AS 
this eye is 300* high, approximately 1000* of rape would be needed 
if one Wre to'use the .apparatus' .shoi-m ip. figure &  to sample' this eye='



Figure 26. An Overlay Of Plate IV.





In order

DERIVATION OF FORMUIA 
FOR

CA-LCUIATirJG THE AMOUNT OF LIMESTONE ASSIMIIATED 
Let: D m density

P » 56 Ca x IO"2 
L = thickness of sill. 
dL t= an infinitesimal increment of length.
Ma e

Then: Ma =InPdL 
to evaluate the above integral, one must have the functional

(101)

mass of calcium in column.u

relationships between D and L and P and L. As a first approximation 
D and P may be supposed to vary linearly with L between sample location 
in a sill, i.e.,

P Pi+1 - PiPi + ----- - (L-Li)
h .+ ! - lI

(P)

Similarly:
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f . :
: ZzrWgratiom of the. general term; gives: the Wght of aalefma 1% the

O - (V/
6oiw ;|1 Sh tifoSti' %  W  %  4 Ii %  I4̂ .

4 ( ^ . ) | | ^ ) ( %  - | g 1 ^
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i i , ' 'Evaluation, of Oaeh term, in 1# facilitated hy moving the origin 
to %  each time?, "thus# %j> %>ls ..%r ^eeonis respectively
0* Eos- %, and.% and the ma# of ̂ leim in the column hetmeen
two eampie locations Sg i given hyg

%  - W o k  *  f jk - ® o } 5  ^,(PiMb)

* (Dl-Bo)(pI-11O) y
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7otal daleium In dolxtm equals 10.456 gm. The amount ealeima using 
the lowest value e#als 6.68 gm. The: amount .assimilated equals. 3.78 
gm. The volume: of limestone assimilated equals 2.54 peh cent of the. 
total volume of the. sin.

Outcrop I 9 Section A, 2 horisontal •
Total calcium in Column equals 5.970 g% mss of calcium in column 

Calculated' from the W  value equals l.BgO gm. Ihe amount assimilated 
equals 4.08 gm. of 17,# Of the total volume.

Outcrop 1% Section A>. I horizontal' •
Total mass of' calcium in Column equals 13.781 gm. Mass calculated 

ffom low Value Ĉ aalS: 11.800 gm.- Amount of #lcium- assimilated equals 
1.891 gnu or 1.^: $Cr cent of fh# total volume, of the .#11,- 

Mtcfop il, Section By I. horizontal

.. 1) •
■ I



( W
#*a& in W #  * W # k W W # W

Aw* a w  " w w  @#ma% a#.##. Mowib of # w w  ##ai#
0.415 $mo Op 0.258 per deni of the total volume of the Sill..

Ontdrop II* Sedtion G511 hopiaontal . ■
' ' Sotal of ealcium #  the column. SpW  #= Mass of Calcium
" CalWWtea from the low value e#als 5.280 gm. Mount of ChlciM' 
assimilated e#al# 0*669 gnu or if converted to limestone represents: 
one per cent of the total volume of the. column.

Outcrop !I, Section %  I horizontal .
. • fatal mass of calcium in the 'Column 96.04 gm. Ma# of original' 
Calcium' o#als 89.06 gm, She mowt.of calcium MsiWiated e#als'
6.98 gm. or if converted to limestone represents 0.66 per cent of the 
total volume of the column.'

’’Outcrop 1$> SectionPj,. M''horizontal ' ■
Total mass of CalCiUm in the -column .EMals 50.264 gm. • 'The mass 

of the. original calcium equals 48.15 m * The mass of calcium assimilated, 
egpjalS. 2.149 gm* or- #  converted to IfMStonE represents 0=36 per cent 
of the total Volume of the column. '

Outcrop III, Section %  I horizontal 
- Total C'alcium' in column, -ecuSls '2*407' #.. The mass of the original, 
calcium OMals S>Q(I6 m *  ' -amount of calcium assimilated #  -e#al . 
to 0.401 gm«. or represent: 1.80 per cent of. the total volume of the 
column. '



£xg5|
ealc.uleiion of ,Mount of -Space Gained by Conipaetioiî  .

Hastie Pldw9 an̂., douging
fhis W  on sediion &..

outcrop is rotighiy siliptigal- in Wing,.# inebes itide at-the-
Ma-point'and’tapering tô ,,indheS W e  at;thw ends<, length of
this eye is 15 feet 6 inches». $he missing . Wds1 are approximately :2 
' ' 'S ' - • : • '

inches Mde: hy 15 feet 6 inches long, 'The amoxmt of folme due to
aSsimi^iion was found' to %  d»8® per Cenij,

%  approximating, the shape of the'.,eye With few right triangles, and 
■■ . . . : • ‘ : : ' : 

then,.finding the ,area.of these triangles,: the total ,area of the eye .■
Was calculated,, This area Was. found', to he 2880' s#We. inches= She. .
area of the missing, heda. was calculated to he 372 scpare IncheSo . ,
Assuming that the area, is representative, of the;,.volmey the amount
removed, hy assimilation was 52 incheŝ  r,-#us9.-32.o, snare inches
were removed hy.co#a#lo%. plastic- fiow^.''Sndiigcuging*' • W s  represents
.11 per cent of the total volume of the: sill.

■ .Onsoaved-SroblemS. and'. Suggestions for 'further Work,
An accurate answer ,Concerning the.mount of.,Space achieved hy the;

Various mechanical processes should h$, OhtalhCdw ■- W s 'Could1 ht .
accomplished gUite,.eaQily . hy a, structural geologist̂  hut no so easily
hy a chemist, . ,.. A

A,-hatter estimate' of' the: amount: -of ,'--calcium assWlated WoUld he- -
.desirable, To determine hoW mich of the ohserved gradient to .attribute
to fractional -crystallisation -and: not ■ to - assimilatioâ  one should, study
the. System Gnorthitefdiopsidê albite9 as presented, by Bowen0 If the ■



initial calcium concentration o f the-" 1Uneontaminatel magma could te 
Cstimtea5 a. study, of the atdire ptas© diagram M l a  likely gW- 
one the Cdnposition Of the uncontaminatea plagioclase: feldspars „
SiliS knowleOgep coupled with chemical, analyses,, should gi# ..a fairly 
accurate estimate*

A study should he made of the Sills in contact with the gneiss,.
an order te # #  of W
gravity gradient present* Also, analyses: of Sills in. contact with
ibbdt deffefSou dolomite should he carried to determim' i f  a Mgnesium

gradient Similar to the calcium gradients In the limestone, is present*.
Oomplete chemical, analyses of Several Suites of samples studied ■ 

in this work would he .useful in establishing 'Chemical end mineral 
relationships*

(Po explain & epedî ld gW&ty of or aho#: in. the limestW,
iron and Silica analyses, of this; limestone should he made*. W s  might 
also indicate that replacement of the ealeite hy iron .and Silica hearing 
Solutions W S  of greater importance; t e m  W e  Concluded in this work*: '

A Study might he made Concerning the emplacement of Sills in shales* 
Aside: from, "the Shale# being Structurally weak. Some Chemical affinity 
might, exist between the shales and the magma, which might help to explain 
the size and.prevalence, of Sillf in Shale, bodies*

If further work is done upon theSe sills studied, the author feels
* -

that, particular- attention , should he paid to outcrop, II, section .
Since this area, .yielded much Valuable information*
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