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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'atdenpt has bedn mide to' deuerm:z-,ne now thé §ills “in eonnéetion
wikh a particulsy laeeolith pained space for tlw_emselxi'eso The gtudy .
.- vag restricted to & emall aréa where the andesite porphyry in thé form
of sills and €lliptically shaped bodies referred %o by the author as
Yeyes™, of the neliphbbring luedolith "nés Intiudéd the' Meagher liméstone.
Chemical and petrographic e.nalyﬂes s, B8 Well ag speeﬁi.(‘ie gravity and
- ghrvetural megsurenents were hilized {h v effort 4o £i8d & solithion.
Chemical analyses for galeium, msgnesium, end carbonate were used as &
. meagure of posgible asginilation of the Ea‘imes’cone by the tntrusive.
The specific gravity and sbructursl messuréments weré useo, to estinate
the amount of space gained ’chrough ‘brecedstion’ and hechanical displaces
ment. The a.nal;rses for ealéium and magnesivm were cavried out by neans
of & Beckman Model' DU spae%mpho‘come%er with any oxy-lydiogen flame
. aptechment. The ¢arbonate sontent of Hlie samples was determined by
titration.

The resulbs of the chemical analyses and the specific gravity measuves
ments were expressed graphically 50 ag to obiérve the Verlation of the
gamples dn relation to their position within the silis. , _

. Assuming that the sample shwing the, l@wes‘m amovart of cal:::e.um reps=
resents mogt closely the otiginal untontaninated magme, and that the
original magns wag homogenous throughoubs the emouiit of limestone assime
llated was calcéulsted. On the basis of tvhe e¢aleulation it appesved thab
from 0.3 to R.5% of the yolume of the sill had been gained by assimilation.
The vemaining space had been pained by puvely mechanical means.

Many problems wémain before g more exach solution can be arriied upors
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‘One of whe'major problems ‘in geclogy today s 'fn vegsrd 0. the Hiplases

- ment of lavge bodiss of LEnedis rocks -THIE pribien. ﬁéé@hes‘.'-%hézﬁéiégﬁﬁ

of ks c@iupie»%i&by%immga:m o hatholifhs, yét vemiing on'a-spallcr bub
“inore agcessitle seale “in wegird o laceofithe dnd assodiated Antrugive
“be&xess e problen. k.s asgeatiamy %.isﬂ -How' 6 14 he anecus bodien
gain - space ‘For themselvesd Bid th&i}k‘»‘?ﬁﬁ%‘i@l&-Wtfhicﬁ‘&?a"lﬁefei‘ to s ‘Lzneous
rock, foxm'Trom somne '»‘mdifcéﬁwézalgm@‘%»»féﬁ;éiﬁaﬁ‘%@g}bmaﬁh thie ‘Gitust of the
garth, well Up.and Fhiust éa"iée mmmm :s'eeimezwsi*g“ Or-did. the
magma, stope oub blﬂyl‘;.&‘: of, bhgse sad:meabs vfmich settled mm the- mag{na
‘reservoir and presma’om Heczms g,acomam‘aed, or .gavk to the bot‘e:om?

ﬁr da.d bOl‘lt;‘.Ol”S ‘eitdnate :"rom ‘Botie small hoﬁy ‘of ‘magmay 2 ‘wove %}wough
‘ *Bhn cmerbmg aedimems anrl -GORVERE. '&ﬁem %o g mgterigl s:;.m;.lax- to igl.eous
rock? This problem is- -espadially "k:a,ahm" betsirse. of the téime o the. .
~'nadies drirolved, ana. 'of The - éozﬁpié*c relatims%-ﬁ;gss bobh ;ph;vsiesm c.m '
‘chemicel which exist within them. e fact the’ ven hes b'een wnsble %o
-obgerve e .§mﬁ3,aeétnéﬁ%= of ‘any of thess bodies $a s f;itwﬁheﬂi- hémﬁiﬁi@a;ﬁ;i}:r’l%
?~:E‘aai:ora o |

Tims e have ‘s problem whfch g exbiénely tomplerny and which probably

‘Gafies exact solubion; yet i*ema}iins fntriguingly Ihteresting,
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Ao Co Penle, 1896, was resPonSibie for the only otheyr study made
of ‘the Sguaw Creek sills. In his work; he Simply indicated the pre-
sence of these sills at the Junction of Squaw. é,r:.eek' and the West Gallatin
River, and identified ¥he rock composing the $ille as an ardedite porphyry.
T4 was assumed from bis vork thet these sills are part of the fone Moun

tain laceolith gygtem, because of the similar rock type, and féirl& cloge

. progimity. The laccolith of vhich these sille ave s part hes been yeférred

to by the author as & ceday tre‘e_laccoiim, becsuse off ite similarity in
ap;p'ea:c"ance With 8 cedar tree laceolith by the Viatava River in 'céntra,i
Gzechslovakm w’neh vas ﬂezaembe&‘ 'by Rq Keh'bnerﬁ (Hum‘:, 1953) |
o B“SGRIE‘I‘I@I\I QF ABEA L |
‘l'he area vrhere' '5;115 %;ork Was done 15 abou'h 23 m:r.les southwem; o:E'
| :Bozamang in Galla‘bm Ganyan, a'h the gu,nc‘hion c::f.‘ ﬁq;mw ﬁmek and 'bhe Wgﬁfﬁ
Galla‘ainRWerc' * L A
The - Gallat:an B:weze :m 'bhe process of cut'b:mg, the eanyong has e:mcsed
abcmt 250@ fee’c oi‘ seamem:sa Sl‘he bulk of thesa seamments are limestone‘,
rang:.ng from ‘ahe Meagher J.imestonJe {cam'blri;m) to the Mlssmn Ganyon
formatmn of 'bhe M&diﬁon Limestone (MlSSiﬂ$l}9plan) There are many
. anaesite porphyry mlls present 3.1’1 these sedaments, and *Lhe ba.g,gest sills
” are aasoclate& m’ch i:he varlous shale bed&xg 1’cher ﬂlx‘ectly withln bhem
o¥ on the contac’a betWeen "l;he ghale’ and. the 11mestonea . L
In the accompanying Bho bograph (3?1a’ce I) enly the 1ower~mosﬁ cllf.ss
formed :Erom the Mearrher J.:Lmesmne a:ae Sho%m Thesra clzi‘fa rase verﬁxcally
fox some 250 to 35@ Tegto There are several r:‘:c.lls and thx*ee large e:yes

of andesite porphyry present ;m the :fe‘aces of -hhese cl:,ffsp It wes upon




Plate 1
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‘these sills and byés that this.work wos dohes
B ordér o eabikte. the parh played By diénjded sEsfnitiation as
5 weans of gaining Spece, 3t wib nedessary bo obbain sulbes of semples
ool each shili - Thosk Gainples were Yeken fran the Linedbone sbove the
sddly, e sb1L Hhdedty and v the ifnkstone velow the sl The problem
of oltaining subh’ suites of baliples from Phe fdee of § JArge oliff |
proved %o be SomeWhEE. a‘,s;éff'ieuiﬂss-*
e £irst sethod uged fn: Baipling these cLEES ol vepeling
‘%;h.w.,.»s metliod ke xzopé “i.fs, pa;sse‘i& avound onest body In & par’aiqular Ways
and the friction thus éreated is used Yo gontrol the rate of ﬁeécent@
Thie method was aiscerded, ps Ib wag nob matisfaciorys
| ihe method whaich met with the mosh ducdess involved the wse of g
"viﬁos.un‘?,s"" Ghair and éu bloek and tackle, Fimwre 1 is o skebeh of the
hzz.ir“ and the riggingo The mﬁerialﬁ nsed. in r:.gg:z:g the q:hai,r were
600 feet. of. 3/8 i,nch memﬁ.la repe,, 5&) i'ee‘i; of 1/8 ::,nch suee:t. awplane
cable, table clams,, tvm bloaks wi“ch a ptﬂ.:f,ey dlameter of 3 dnches,

and one Lineman“s Safety Bell and, Ha;r-ness;, &tyle aumber 1306, wans |
| ~u:ﬁacwx~ed b‘y 'i;he Euek,;nah&m Maﬂufacﬁuming G‘pmpanw “,Binghamtong Ne s
The sawmng chair w‘as assem’ble& s follcws* the aix*plana edble
Was ,Eastene& to & sxna,ll tx-ee ai: the ‘hap oi‘ the ¢lifi‘ by passing one
| enci of the cable co!zi;ple‘beij amm'sﬁ “the tree. aml claxz@;;,i'xg *bhis en& o3
“he rest, of the ca‘ble ‘by means of. '{;Wo cabie elampsa mhe other ené.
of tl:,is cable was i’as‘bene& 0 one oi' -Eshe eyes ‘on the bleﬂk ﬁ.n the same

 mémner. One enﬁt of bhe m:@e w&s now tieaﬁ o ‘ahe o%har éye on th:s.s
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same bloek and was toped with i‘ric'b:.on tape for several feet to
help prevent wear of thé rope sgaingt the cliff. The rope wae then
pasged down Phrough the lower block around the pulisy and wp through
the pulley on the uppsr block a‘zl&"?;hs,;s free end was alléteeé to dangleés
By attaching the seab bo the eye in the lowsr block by mesns of a.
carebinet oy shap Iink, and puli:;‘igg on the frae end of 'ﬁh‘e ropey it
wes possible to 1ift oneself up the face of the eliff and sample with
comparative esde. '

Thig method overcame the Aiffievities ingurved by the methed of
vapelling. That iz, it wee mich wore gemfortable and to & certain
extent, sempling under Gvez'ha‘ngd was possible, To. a—zample under 'bhe
overhangs pitons wers &:Z.ven into emeks en Jhe rock face and by tying
a rope Lo these pitons and then to the chaif; the ¢hadr was anchored
o the ¢liff., This wethod of $amp1:me: unaar overhangs by use of pi‘i‘.ons'
wag not oo sceessfily since in dx*wing&n;fbhe pitouns they Usd a
tendency to stope out a large block of rock .c‘,lirectly shove engs.‘
hesd. If the work were to gontinue this was 4o e avoided.

" A:zotﬁer‘ dirficulty in uveing the chalr vwas thab the ropes had s
tendency to tangle or wrap sround Gne snother. This wade pulling
oneself up the eliff a rather shremvious proposttion.

In sempling .’che e1ifZ the following procegivre wag carried oubs
an unveathered sample from 2 to U inches in diemeter was obiatned.
This semple wes then M%éie& .v};x.‘rbh agking tape and, given & duiiter.
the sample mitber glong with $ts deseription and position in relation.

to the sill-limestone contact were vecordediin s totebooks




A-

C- Reinforced Webbing

Figure

Front

SteelHook

(Q)

A) Side

B-Steel 3 Ring
D-Hardwood Seat

-Airplane Cable
Cable Clamp

Upper Block

3/8" Manilla Rope

Lower Block

Carabiner

Steel Hook



(o

For laheling purposes each of the major ¢liffs or outerdps was
degienated by o Romsn. numeral, end sjtice these ouberops had several
:-s:s.ils gnd: eyes within "‘clhem_,- the outerops weve then divided into septions
labieled A, B, G, ete. These §e¢£;§on' lelfigrs veually referred to &
single eye or & seckion of & 8ilk. Usuplly these sills or syes wére
large eﬁoﬁ&fh s0 that.two vertical samplings were desived. The First
sempling vas lebeled ag i=horizonbel,. and the seconéi as 2-&3&02’*3;‘29!1'&9;19. .
Ather this the segples vere label ed. 1i 8y 3g ctes s'haming whth 1
as the topmost .sax@le; and proeeding dowmward. Thusy & ssmple might
be Jabeled TIDIHL
senplingy the 1lﬁh 'thiéﬁl;ﬁémpléu ,

Specific gravities of the sowples thus obbeined vere measvred with
& Jolly balance, Subsequedtly they were broken up With o Henmer, ond

V5. meaning ouberop ZEs stebd 30n, B, Pirst horizontal,

7un through o Breim pulverizer. The poviered seuple was Poured ot
on & latige sheet of paper and was mixed by folding opposite corners of
‘the. paper over one anothier, prodiiing a rolling and twmbling motion
of the pamplé. After thovough mxing; the pample wes Heaped in the
scoops Witk & spatule from different points on the ﬁ??-‘l%*e These seoops
were then placed in an sgate morter and growd as fizely os possible. The
resylifog powder was transferrved fo a "pill box". It was this sample
that was wsed fn the chenleal analysis, | ﬂ
DEVELORPMENT AND DISCUSSTON OF ANALVIICAT, BROCEDURE .
Becouse of the nuitber of analyses, it was £elt that o rapid andlybieal
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wmethod for caleium and msgnesium, ou limestons aud the silicstes would
be desivable. As flae photomstrie determitnations on the elkalsd and
alksline earth fetals have proven both rapid snd qilbe accurabe, an
analyticsl method for the determination ofr caleium end wagnesiuw
yoilizing this Instrment seemed %o offer the greafient possibilities
of mesting the requirements of botlh Speed and accuracy,
| o DISSOLUTION OF HOCK SAMPLES
Thefi"'s'i? problem met in the development of & progedure wam thob of

.diﬁj"ﬁ.@@ﬁg The sauples. The Linestone presented no dffffevitiss in
thie respecs, The povdered sample wes wolstensd sILShEly with waber
Ho - avoidl. spafitering wheh o mixture of goncentrabed nftrie and. peze
chilorie a¢ids wes added, The percilorie dnsured sclubion of the
semples and complebe oxidation of aiy organic mebber present, The

resulbing solufijon was then heatied bo mofst dryness to vemove excess

perchloric acid and the residue wag teken up-fn dil.
In order o bring the siy:

. rock Juto selubion bwo uethods were tried.
Ehﬁfwst was, ‘Tﬁh@j cJ,a.ssi,Cﬂl 505-1% ‘E&rboﬁaﬁe fuston of the :EDWQ-?}:'&@ |
sample. After the fusion the eavbonate was destroyed by sddtibion of
HCL and. the silics wes dehydvated. This method was discarded .for three
veagonss, ‘ .

3, “Tha quion anfl, destruction of the carbonsbe ves letigthy.

2. The fusfon fnvélved the addibion of sodivm to.the. sysbe,

which wag %o be avolded because of the- enhancing effect of soditm on
caleiun and magnésivn flame emissions.
3s The fusion gave o high gallb concentration which resulted
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in elogilog of the Murner, and ¢vrongous remuliss. . 0 oo

“Zhe gewond methody. and the o thet metswith the mogh suceess; 18 to
trest the @W&ere& saple in e pletinm Siucible with & ml. 8 and 2 nl.
HOXR ‘and bake to é‘,z;;;ges‘aﬁl"slm{;‘;n ‘on the Aol plate. Thiy method had
. -%‘ahé advantage thay '%he"":t“ama veyuired to dissolve the "i;mple and take
6“{; to Gfyness is-fairly short; arcnnd L:ifs to 8 howrs. e réagon
: \tne dehydiakion thkes thig long is theb care has boibe. taken to avoid
‘épaﬁemng e sample when . hea*bzna shhe: apen crueible on cbe hot plate.

Bae possnﬁ:»le amadvantage o*f* i;h:ls me'bheﬁ m tha:iz gk 3 a&d@. ﬁ‘z,mma.e |
iong to the s;vstemo 'fi‘he ’F*loum&e ien. muss-s 'ﬁe r@mema. beeause af ite
. fepregsing’sffect” oni: -bh c:alm.wn‘:i‘lamé msmm, smd, ‘becausy :“., ine=
| terferes with the compiste pz'eeipmamon of alummumg ﬁwmm}, 1900,
The remﬁval of *bhe L‘?l’ll@ff] de :Lcm pzvesenﬁs m &ifimul'ble% s's uce ﬁeléhl
has :pmn*t:e& Bub tha“a comple-te removal ean iae affeeteei by takmg ‘
perehiamcahy&mi‘luoric acid m‘:%:ﬁwe 'tc: é:e'ynéss, ualrmg up :.r.t more '.
. pe@éha.av'w am& anél. ’tﬂ.k:r.”fa,g agam ”tc ﬁrymg& Bésw.es be:mg nec:e@sary
For the remeval of the- fluormesg ihe psargzhlmc.:aomemg- the rémsining
iona o &ol,zbla perchlarai.%a S N ‘_1 SO L 5

The msjor obs%;ac‘.w Mn eomea'hmn with she aevelo;@men'& of & f.‘f.ame
ph@tometmc ;greéeaure for ealei“um and magnasium wasx 'she pmblem of inters
ferenge due %o o'ivher iens., ”he @mm;pal wns causmg mherﬁ‘emme m"a
Pet3,, a3k 3 , 70, =3, maﬁ‘l F'l l‘:l@l;.“‘l 2

Lo Hlllebmnd (1929)
2 See appendi¥ Pps G345
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As gan be seén from the geaphs. in the appendix, iron snd aluminim

ha&@tﬁhﬁronounaeﬁ'ﬁﬁpﬁaséingngfféetsﬂhiiﬁu$o&¢um bag #n enhéneing
‘effect, Baker, 1952, has shown that :J.’G;}”S’ hag o strong depredsing-
" aetion on the ealeium emission and‘. that El@f hag an enhéneing ¢ffech:
Bine¢ iron, aluminim, sodium, snd phosphate sre present in appreciable
guantities in wost igneous roeks; it wes necéssary either to rémove
thege iond ok ’to‘ minimize 'Ehé_i-x*':/effeﬁf&ﬁg In the cage of the ivon,
aluginum and :@hospha:‘ag,. the easiest golution vag to 5im§1y TEMOvE
‘them, The phospha;te was removea ’b;y adamg Zroc ;plus aome asbeatos

as & cam'zer 4o the. agit‘l ‘golu‘bwn ccntalnmg 'Lhe élsso:}.veﬁ :wceis: saxn:@leal
Subaeq;uen-tly *hhe class:mﬁ vet methoa proeeam'e fo:v 'ahe z*émo%ral of

irvon and slumivom was follavec‘iq @he aﬁ&ltmn of 6 We NH;LGI{ preempita;bea
‘ '%:he phosphaﬁse as zﬂz«m@u)a ana i:he :won, al‘aminum, and éxcess zirconmm
28 hy&romdeso ) _‘ " . N . o .

I’h was then neée{ssaw %o remave '&he amcmum aal b s,mce ‘bcm ha.gh
a eoncentratlon of sal'i; eloggeéh *&he bﬂrner on 't:he flame pho'&nmetem

After ‘bhe remwa,l of the ammomum salﬁs *bhe real@ue fsoma:x.mng ma:.nly

ﬁed:.wn, ca;lemm, anci magnesivm was taken up :Ln élxlo EC:L ami tranaferkea
to a 250 mlo volumetrw i‘lask a.mi é:.lute& te *v'c)lumae ; :‘. al:.q;mt of thig
.so;i,ution wa,a vemoveﬂ ana twan&férm& to a 10@ ml,, voiume%ma flasﬂs ana
d:r.lutec‘!. 'ko ‘\rolumeg in or&ei} 'bo esb'%am %hé -&ééirieﬂ éondentra‘hien mngeo?“

Lo Curtmang (1938)
2. See ap;ganéia: o l59—‘“:5:2 !

o j, R . PR




(i3)-
' ANALYTICAY, FROCEDURE
v Timesboné.
L -Weigh oul &’ 0.500 gm. sample of Tinely gwound 'liuas%;on&: and transfev
’he a 300.m¥, 211 form beakers ana 10 mls conds. Eﬂ\?@s and 5 nl. cong.

z.._ﬁHGJ.ﬂz@ o ‘%he sample; and, toke.bo roigh: dryndss. on the hot plate, take

thig xe.sit;mg up in- difute HOl. -+ To the HEL Bolutlon #dd @ few dvops .
Methyl Red indicator and two grams: Iﬁiﬁ;@iﬁ:&nﬁ hest “to: botling on $hé hot
plate, Neutralize with 6 W :m%ali':zan&,::aﬁ&. 5 mls in exéess. Boil the
golution for 1 %o 3 minutes and. theén alloir ilie. precipitate to: Ig.éﬁf'aie-e:
Becant hrough & vépid (Whatman L) £i3ter paper-and wash by Secantation
with- geveral 20 i, portions: of hot 2% NECL solution, retdin the; -
Tiltrate and washingg For the:caleiun and magnesimm anaiysis, - Take the
precipitete and £ilhgr' paper. and transfan 4o & .‘l;’ea;tezg,i, add. 36 ml., (of
hot 3 NeHCL end bredk vp-the: Filter papsr with o stivring voll, - When
the prepipiiate i dompletsly. digsolved: Ailite to 100-nd. with digBilied
Hg0; add. 2igus NHYGL solutions - Precipitstie. a8 before, adiing he: £ilteate
and washings to the filtrabe. fyom the first ‘@fééﬁ;p‘i’éé’tionymmte- peid vith
HEL 2nd eveporste on hot plate. iinen the aolutien g almost. to &rynegsf adg,
-ébnm HNO3 gnf evaporate. bo. drynesss Take: Up the. residune. in dilute HEL
and trangfer to a 250 ml. v‘élumetricfﬂask?an& dilute o volume with
distilled Hu0i Read fhis solution &b 554 m for saleium, and: &b 371 mr .
Lor mag,nseamm, R A W RE ' ' |
81l Rock

’Weigh 'oiw:ﬁ 8' 05500 g, Semple of Finely ground #11% irozékrami' ,'hf&ﬁsi’err K
o a platlnum eruen;bleu ‘ Aﬁa 5 ko . ﬁﬂﬁeo }my anei 2 mla ‘eonge HELO), and
take to dryness again. Take “u;_: this resléue in HC‘:L ana. transfer 4o 8
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1300 nl. beoker. Add 2 gms. MG and 10 -wi. Zr0Clp solution, {50 ug

Zr pér ul,) drop by drop with stirring. Add 2 gn, asbestos and heai

B0 boiiing; 234 :geve’ﬁal réi?opﬁﬁ M’eﬁhy.l, Red in&ié@tpb and naui;raiiz”e' mﬁ:

6 W, ’NH;%QH.; Proceed from here with the procedure oublined foyr limestone,
. - CARBONASE MTERMII\'EANI@N
The ear‘benate ecm'bezit o;E‘ the andesite porphyry Was egbingtes by

| 'i‘.rea’cmg & 0,500 gms sample oi’.__th_e powderegd rock with 10 ml. HCL, -

0,4825 N, Tis golution vas heated fo bolling on the hot plate to
inguye destruction of the earbopate. After boiling for & e S
the #lask Was vemoved from the heat #nd.ves diluted %o A volume of
200 ml. with distilled water, After thig Seversl drops of phenols
Pithalein indicator Vere adied w3 the Solubion vas tiirated to the
phenclphthalein endpoint with standerd NaOH 0.1007 Ney and the smount
of HEL neutralized weé éaleulstéd, Toe diZfevence between this eals
culated amoum: and the amount HCL added. wag due to ﬂéﬁ@ﬂi%ﬁm by
the earbondte. From the Amowts of HEL newtralized by the carbonste, the
percentage. of carhonste in the saupls ves caloulated. Agssuning thab
all the carbonate present was calclum carbona‘»gel the smount of c@lcium
present ag car‘bona.c@ in the andesite porphyry was caloulated,
SPECTFIC GRAVITY . - |

e specifie gravities 6_&"%1'16:' samples Wieve obtained by means of & Jolly
belange. The follpwing brief deseripbion of this Justrument 1 given by
Huribut, 4 ,

- 1. A gtudy of Yhin sectiong vevealed that calcite vbs *bhe only earbongte

- présent.
2. Hurlbub, €. S. Jres (1953) DANATS VANDAY, OF HINFRATOGY
Revise&, 16th Bd. 98am99° Wiley & Song, Hew Yorka: |




. The, dats necessary for. making the géltulaﬁimﬁs of specific gravity .
exe. obtained by méasuring the stretiching of & spirdl sphrings ¥iom the

spring ave-suspended two gmall pans, oug dbove the other. The epparatus

is go avranged thet the lower psn i€ slways fmmersed in o beslér of

waber which vesting upon an adjusteble plabfori ¢an be placed gt the

vequired heifghts Tn all types of Jolly balandes it is nécessary to
adjust the apparatus so that index of the spring 38 ab zero with the, -
lower pan immerged in water. The semple is- then placed o the upper
pan,.and the strelehing of the spring W, necessary Lo return the indicabor
%6 zevo ig determinéd by meens of an affixed scale. The sample is then
placed in the lower pan and another adjustment, aud W, reading baken.

The specific gravity is then caleulubed byd "

e . < s !WW‘

G 2 wing i

S i ;
THIN SueTToNs /

The ﬁhﬁ.n’»seeﬁsiojzis nged in thie stuﬁ;gr epe vrepared by Gs S. Rev,
New York. These setbions werd studied by means of an Benst Leitz,
{Wetzlar} petrographie microscopes - ‘

| e CoREsUE 0

The. acconpanying photograph -‘{plai;ef Ii“) 4 of outcrop IT section D, -
The -@imensions of this £111 of eyé ave 150% by 35% ‘The metsmorphic
zone extends aboub 8:":§’eeﬁ {itto the Iimestone, The sfllelimestone contact
is gharp with no evidence of énilidng, - Theve is-no distinet linestion
of the hortblende phenoerysts, but o staticticel study of thelr crfentabion
wight re‘?éai;:tﬁta presence . of Lineation: Figwe 2 do an overley of the
photograph and contains traces of limeshons bedding planes ahout the
g51l. From a study of the dvag of theé bedding plaves thé divection of
novenent along the fault is jndicated. This faull eppears to terminate
the gill, 28 no §111 wock i presént on ‘the other side of it.

Figures 3 and b are grophs showing the vesults of the chemical

anaiyses and speeific gravity measurements, on fwo suites of samples




Figure 2. An Overlay Of Plate II.



Plate 1I1. Outcrop 11, Section D
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through *hhg'a‘bove deserived sille fhege graphs Vere prepared by plotbing
"cﬁé percent coleium and megnesiun and -sspeq{s';;fg;c gravity on the gbscissa,
‘s'rer's',us. sample posibion on the e;:a;?;;na,ﬁe? This graphs f;;gures 2 and b are
very gimiler. i most respectss Thay shon{k & high dn spegifie gravity,
: '@aiéiwg andl magngsiun on the "r’;:éz'afi‘:ac:ﬁé » and ‘both show the rather zntq-mate
relationship exisbing betieen cgleium :grésérm' aﬁ a' carbonate and éal-:iii.um
as & Silica;;’:e. | ” ‘

Ihe magnes-’?um curye tends to be the same in bokh yaphso i3 ee,ch
there is & tendency btovward = high on the contachs fplloved by & leveling
oub §n the in"ceriw of the sills ' -
| e specific gra:\r:a.ﬁy urves are aimo.:'b identica,lg d:.f;t‘ering only in
seale. Hach shows o h;gh in s:gec:}.fic gravity on the gontach, Pollowed
by a ‘tendency o rewain .g:.amﬁa,n@ tnrough the interior of the sill.

In ecach case f%he specific gravity ¢urve plunges to a mipimnn near both
contacts i‘ollmred by a rapid rise to g xna;ﬁmm a:b %hé conbachs
’ PEIRQGRABHEC STUDY

A :geurogra,phic ghudy of Shis 5111 was not nade. Eﬁ?:m,s was regrer.table
as mch usseful informabion qowld :g:caba‘b:ty have been g&iﬂéde Bivee ghemical
assinilation 8¢ o means of gaining space vas Telb to be a gmall seale |
affecty & -pgtragx-aphia study .of 'bﬁe Smeil sills and éyes wos dorried
oub. in 'héyés thet, sssinllative effeets would be move obvicis. For
this reason. %:he larger sills and eyes were nob ineluded in the éeﬁrcﬂv

groaphie sthudys
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Figure 51 18 & g¥aph of thé enalysis of a susll sureole or embsyment
of i1l in the limestone. '&jheji metamorphile ‘z“ene"in ﬁhe' linestone egtends
about 8 feet from the conmtact, The combact 15 again shap but not
s chilled, with ‘.no diséerna;blé.iinéaﬁﬁﬁ. of the tiornblende phenoerygts.
evidento | ) |
’.‘i‘he eurves of aalzeimﬁg maghesium, and specifi¢ gravity again ghoi
h:lghs«, gt the contach fellox;réq by & tendency ‘é‘p ',z’-ﬂe__ﬁs,‘in fairly congtant
“dowm into ,ﬁﬁe: main body of the éillo The velationship of “the calcium
. carbonate to the caleium silicate ig sgain evident. No samples from
thé lower contact could be obtained aé. thip wag under debris.
| PETROGRAPHTC STUDY.

A Timited petrographic smdy vag mads 6:5'_ thig little _guveole
uwbilizing only four thin Sections. Theése inelude & gection from the
limestone contack, & Section from the £ill contact, and two seetions.
from the interior of the gills . |

The "limestone” contmet material is a caleitie marble. Thiy marble
ghows some evidence of cataclastic adjustment in thet there spe many
large graing of ealeite Qurrounée&; by nuch smaller graing, Along most
of the cracks in this sgction can be found, eor;céntra‘oiens'-,of magﬁe'tite
and sn unidentifisble, fine grained. earthy materiak.

1. Graphd, fisuves 3, 4 and 5 vere ingluded in the body of the thesis,

gince they flere representative of all thée gréphs, and showed the
results mogh plainly. To avoid needless vepetition in -the body of
this -i;hasés;s the renmining graphs were placed in the appendix,

Ppe TL==T50 , S
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The estinated total Gomposition of the fhin sections from the §ill
contact and the in'hemor of the gill, is g.uven in figure 6,
. Of intérest is the high anorthrte eon';;ent o:c the plagmelasa on bhe
_ comtact, with o decreage in anor‘tl;h;ﬂl;e,_‘ avay from the contact. Thig
: “.gz-aéli’aqtion 18 not Limited fo this ‘p'scrtiguimr* -éﬁw‘semp but is algo Shoiin
in thin gectiong i’rom othey - s:.llso .

The pight hond gidé of' ‘Lhe g::'aph shoﬁfs the varia‘hion 3.11 calem’ae in

relation to thé other ACCESSOy mneralsﬁ

Thig s;rnply shows ‘that

in the sill con-kaef. samp].e the ealc:.te is no &onger an gceessory mineral.
About 80% of this caleite ig due to ground vater, as it is present as
vein ﬁiiings, while the remaining 20% ig ;greéen% as inelusions within
the hornblénde -and ;plagiocla.se? an_&i ,aéiéii,pyi#g; the interstices bétween
ﬁineral gx;ainse ‘I!his -céle.'irb‘e 'séems “ao he due; o i‘nclus"ion of the marble
by ‘the ma.gma. "i’he presence of cale:»:te due o ground Water depogitwn

" i move -the e:ccept:,on than the xuleo A study of ’uhe othér thin éee-biona3
reveald tha:h very 11-bt1e of -bhé calcmte is due to ground water deposxtlono

‘l‘he- acks sso;z‘y minerals tlmmsonite 3 :penmm*be, and. opal odeur ehiefly

in the $ill contaet ,sllae,. hoiweve:q pemminite is also present in the séctions

from the interior oi' the s;.lla ‘ L ) ‘ _

fhe hornblends phenoerys'bs are fairly large in aize , some gbout 1/k
inch in length. Thede phenocrysts oceur ab yandom 'i;hxfoughou‘b the 8111, .
irith no tendency %0 concentra'be neas the bottem of %the s:o.lic

1. Sée sppendix, Ppe 80--»8145 s o

,2., hoeegsory mingral ig taken in ihis papev to inédn amy mineral, 'tnai:
¢omposéy less than 5% of the total ﬁﬂmpﬂﬁl"ﬂlonn :

3. See appendik, pp. T9==98s
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| Thése phenoeryshs gontain inclusiohs n@ﬁably plagioclage, galclte;
and apatite. The principle source of the apatite in ’z‘:ﬁe andesitve
porphyry sve théese inelusionss For the nost: part the grain hounderies
of the hornblende sve sharp, Touks a1l have been 'serﬁg;.ciiré}ize&a*,
The. plagioclage forms thé ilk of the ﬁa”cz,‘iﬁ for the andesite porphyry.
\ a@liv:&naa, pyroxens, and gpatite are found in gmall quantities; and coleite
in lerger guentities 88 inglugions x&iﬁh&n jhe plagioelase, The saldite
' in some gases acts &s the core avound, vhich the feldspar bas promes I
all cases The plpgioclase has been abbacked by sericise inésﬁ"mﬁiaeabiy |
‘gt or near the core. | ' | |

Magnetite snd pyrite ocgur st vandon thiroughout the -ﬂi@é& m"revextg.
in some cases a more noticeable concentration of these two minérals is
found. in the vicinity of pyroxens relicw

The pyrogenes titanite, and aliv,,ne are presgnt jn sueh- minute
quantities thab meny times their identificabion is only tentative.

. DEscUssTON
Na.ture of Magms,

The exagt nature of “bhe magmg. 'bhat formed the- sitls can only be
infe‘rredg but, many :E'eatw:es of the #ill and. limesﬁoné' give gome ingight.
as 'l.c) the pkws:a.ca,l and, ché.mical gharacter af the magmm

,Lemperaav:re of Magma,

Tt is Felt 4hat the magms vas nok eXtremely hob (magmatically speaking) .
The 'temperature of the mague Wag not grester ‘chan ?SOOGo This Limib
wag obbained by the use of Ghe stebllity curte of @glqmm r:arbmaiae‘ and,
silica after V. M. Gc;idschmi&tol

1. Ramberg, H. (1952)
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Figure T is & reprofuction of this curve.  Quobing from Shandst
s applieation of the "geological thermometer™ principlé is possible
when limestone occurs in contact with an evuplive vock or smong the
fragments enclosed :tn the latter. Under moferate pressure the reaction
CaCOg + $10p %S (a8i0; (wollastonite) + 00y
moves toward the right sbove 500°C. The effect of higher pressures
upon the temperature of veaet tion is shown %8 the sbability curve of
eoloium carbonate and silics, after V. M. Goldschmidt. It will be séen
thet if the pressure under which a given vock erystalllzed; can be
estinated from stratigrophic dabay then the presence o abgence of
-wallagtonite In bthe contact zone Wikl endble ong o seb oither a lovwer ‘
o an upper Llimds i:o the temperature of the wagms &b the place of contact.”
As wollastcnirbe wag found on the contach of several of the sills,
it was only necessary %o esbimate the préssure in order bo obbain the
temperature of the magma ol the con'bac'bo
Tak;mg +the tine of the emglaaemeuzt of 'i;ha magna, {m be 1a;§:e az‘atmeeous
i
or eaz'ly ﬁerta.axya the cambra.an M.mes’cone studied 4n this WQZLI\. prohably
had, a& lea.s'h 3.5,0@0 i‘ee’b of Werly;mg sedmentary raeh upou iﬁq Talting
whe specific: grav:ﬁ;y o*F‘ i;he se&.imems a,s 2#?2, She gressure exerhed upon
21 Sq,uare :i.nch ef roc:k WE!.S i‘cun& %o ‘be 126)@ a:bmosphereao Frem the. curve
this pressure eorrasponds to em approxmate temgerature of EGOQ(L‘o to 675"(:.
| Am:ther :t‘eaﬁure of the andesi‘he ;poz‘phﬂ‘&“ Whit:h len&s ;e.‘csel:i‘ to the
geologz.cal thermomé’cry is ’ohé presen;:e o:E' eommon green horn‘blende 5 Kozu,
':zushm., aind, :mm.# Shan&y (191:7) haara shown ’ohaﬁ amaen homblende wammrms
Lo a daxk brmm varie‘by of horn‘bleme a:t ?509& Ho lower l:uait oz 'bhe
‘ -bemperacufe was estabixshed :t‘rom a s‘budy of i;he s:«.llso |

1o Shana, 8. J, (19&7) Ervgﬁi Ve Rockgg 308 Fdos Pio 59
, . John Wiley & Sonses- Newr York
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800 C
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FIGURE 7e Stability Curve Of Calcium Carbonate And Silica,
after Goldschmidt.
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. VI8COSTTY . ...

A study of the. posit;lon of the hom’blené.e phenoerysts withia uhﬁ?-
5111 has led che author to assume thau the magma Wa.s quiﬁe V:!.SQORS&

Hornblende hes a epe¢ifie gravity of 3 r 3.2y ¥he average speecific
gvavwby of the andesi,te porphyry - was 2724 - Thugy i the magne. yere
_qa:z,be i’lu:t.d one. wulﬁ ebmeét & seimm.ng w‘a of: i‘.he hoz‘nblen&e phemerym:s
resul‘oixlg in the;%.r ccﬂcentra’c:.on along 'bhe lower pari.ian o:i‘ 'bhe sillp
The homblende phemery’s*bs oceuscea at, random ‘hhroughout the s:lll ws.th
no obseryable inerease in ‘their concentration ot the bottom of the sill.
Hunb, 1953, has pointed out that, failure of %he hornblende phenccrysts
1o sink mesxs \ei‘thév" high viscosity. of, the magma,: or -quick gquenching or
‘bothy . Hince the Antruswe bodies aeal‘t v:'f.‘ch in this work abe gmall: they
should cool. guite mpidly, ‘ E‘hus,( mpi& eeoling was :pmba.my an fmporbant
factor in ;preVenﬁ,gng the sinking of the hovnblende phenogrysts. - . ..

hdditional velght 45 edded. to e, shove argument by. $he presente of
gneiesic ’_bééeméin‘q_, rocks asxenolz:bhsm,thmthesMs Some of ‘bhese
inciuslons of @weiss, ave, 6 %o 8 dnches 14 alaeter. A véry $1uld nagm -
injea’ced rapidly. muid prouably carry. these flocks aiong;- hut & “i‘re'zy;yr-
visgcous, slow mov;mg magma gould. achﬂ.eve 'bhe effee‘b move readily.

I ’ahe magna. were qui'be ﬁrlseouag, as %he eVidenee seens-bo indicate,
its res** gtance, o flcrw' wight “be res:pons;.ble tf'or the dome-like sha.pe of
| he eyesy. shown in ma%e iﬂ.‘io ,Hunt, 1953,, ‘e, g:z,ven a very g,ooa, a&seussﬁ.on
concerning i":he mpdrtance of V;Sﬁasi'ty, ;in com'broll;ing ‘he ‘ghape of an
intrugive ‘hadya The ﬁ,n-terested xeaﬁe:a Woum d.o well ?;o cmnsul'& this work.
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Rabe of Intrusion

As Hunb, 1953y and others heve '@o;i;z‘zﬁe& ouly the Yabe of dntrusion of
the magmne plays an fmporbtant part in controlling the shape of an iubrusive
body, Quobing £rom Hunts- »

in increased rate of intrusion hbg ihe effect of incressing the
viscosity. A fluid magus :.ngeaﬁe& rapidly cen beeome as bulbous as
& viscoug magine injected glowly.”™ .
- en the bagis of the sbove iseussipn ove %3 led to speculaties that .
| the sills were formed from elther 2 less Viscous nagma or wére injected
more slowly than the 'eyes“ Bertainly this ig pure speculabion dnd
‘hag the disedventege of necessitabing the explanabion of why the magma
in one 'pax"l;-‘ssl_:xoul& be less viscous or ﬁ.nﬁ‘e,g%é& more slovly than the mag;m.a.
in another. | |

_ Ern:plaeemem Meah&nismﬁ ~

Two means of physical emlaaement of the. magma ha,ve been congidered.
These ares |
| N sevies of t:a.ny ;.ndiv;!.éual injeatians of ——

2. Gne mass:we J.n:]ec‘aim cf o=t

The Tirst mode of emplaccémen‘b was dis¢afdea fcw -l:ma reascnso S;?,nce ¥he
magma appears Lo have. been qu;me vmcous? there would be Iitile tendency |
for the formaﬁ;t,on of th:m sheeﬁs m‘? magmao Alsca eme would expect %a £ind
‘the cenﬁacts of eac»h of ﬁhese sheetg and, :possibly a l:?.neatw on of the
. phenedrysts at -intewa.ls wiﬁhm ea;:h m" the large 5:351150 =

La H‘aﬂ.u 5 chaso ’,B,, (1933) Geolog ané‘ Geogagm_r of 'bhe Hemy Mountadng
.+ . hegien. Utah, He 'Be Gealogﬁ.cal Szmrey '
Pmi‘esﬁional Ea:ge:f 228
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This: lack of lineation of the hem*blenae\phemcrysts GOuLd mean that:

. the-hornblende was formed: after: the magro Had. been emplacedy- but. the Fact that

. migel of bhe horiblende hel calebte coves ‘sedms ol dighubs THEE.
'Eavaiti;ng 1the: Tatber molle: of euplacement i &4y - ‘single nsssive
:",ii@éécﬁipn;ar\e'a’:‘bif_l’&i-«v;i_.‘séosi syi0f khe magna, the Tack’ of A itieation c;f e ¢
s ho:énhlemé:fphénoe‘r—_xstsa.s tie: rathisy uniforn appetiance: of the! cames;ura;,;,’
- mignesium; snd speciiic gravilty curves, ang $hé presencs of gouped oub
- dmestone Whidlh Tormgna uniforn cap- over one’ of! theeyess 'Sé‘ﬁ-"?:‘l.é‘*ﬁé LT
Va;ra.eu$ mer-.ms ,by vhi«;h the-ihvading magns-¢ould gedn- s_pa.ée for a.%,sel:i“
are ou'tl ined belem ‘
I Méchemiéel -
B Displasemsnt
Ba' Brecciabien
Gornpac;’smn
Dw Plagtie Flow
I CGhemienl
A. Assinilation
Ba Beplaqemenﬁ
Tt i felt that the nsgns achieved wosk of {s spade by purely
- mechanieal meanss Brobably the bigzest i‘ac:’ﬁoz**.contrib%ﬁné space to the
wagne, i displacement of the Timedtone. By displacement is mesnt the
varping up of the limestone befs; and 4 carried pash the bresking points
the :E’aul’diﬁg of thege béé{so Thett i’aﬁlﬁ:mg and, it“olél:mg were. definitely
g mesns 0f obtaining space 18 evident i‘rom the oterlayd, adcoimpanying
Plates If; IIT, ond . On tﬁhgge overlays are traces of the bedding glams::
vof'the Llimesbons Surpounding the sille and eyééo One con pee that the

surroundm limesﬁone has been shoved, asicle an& ;m gome cases this setion

ha$ been so violen’s that folding of the lmesi:one éould no longer compensabe




GD

Figure 8. An Overlay Of Plate III.



Plate 1I11I. Outcrop 111, Section C.
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and Faulbing resulted. The diveetion of movenient along the Ffaults is
indigsted by the Grréwss . o e
- A gtudy revesled that breceiation of the Limesfone gontributed some V
perheps much of Yhe gpuce for the invading usgna. -Avound geveral of the
éills.ax:e swall ereas showing how the magma g‘aineéz épac’e by -t;his means.

'.i‘hese aread; ugually snly geveral feé*a in ﬂ:ngmet@r‘, e éompose& off”

:E‘raeimred pieces of lz.mes‘cone with Rittle m%erfmgefwgs of #1311 material -

around them. R . KR :

Speeific gravity 'ﬁeasﬁrémén’esﬁ rof he ! iimés‘ﬁdr;ef}’ﬁvrreﬁzi&:‘:ﬁ;g all fthe
sills indicate tiet thip ligestone hes been frdctured by thé mae;nae |
The average gpecilie gravity.of the limegtone is 8.2, which if the
Saxﬁe as}' that of pure ealieitgs Thirg; -eny velue of 'Spedific gravity of
the Limegtone. :tc'awer" thein 275 can onky ‘be abtcibuted o Hpade belieen
the ca,lel*be grams;ol S 5;""

Eecause t.a cantac’ is g0 ghayp, a,na only a few of the $1:Lls have
the Little in’c_erf.mngerings af 18133 rock aut‘bmg,-. :mﬁﬂ:»the '11méatan¢§ the
magma e 'orob;ibly ‘subject to mevemena after 1% h&é. bedons euplaced.

The con’cribnticns ¢ s:gace ‘Lr;) the (' honiiic by compactien ana plagtic
f:mt.r Bre very &;i‘fmeult 0. ascé;ﬁs,ain, Phile- spec;.fw gravi'by meagurenents
give dome es&syﬁmai%ﬁ@"édnﬁefming-tﬁev.e”;‘rtegt oF. bégéc#;.atlon{, it ig doubbful
-that any compaction of the limestone by *bhe magma. eould be measured.

Eﬁ:‘he amount of s;paeé-:* eonwibu%e& b‘y plasme ﬂw ia wﬁmem |

i. For a furtber dlscussion of' 'breceia‘izmn a8 B means of . ga:r.n:mg gpace
gee appenﬁ.nt, s B5waB6, " :
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Thet plastic Flow 1¢ o Factor Was seen iu the dtudy of thé thin Heetiong.™
These showed large -'césl'éite ‘graing: surrounded by many suailer afx'_ains‘o' This
i nevally 'iri'ﬁerrﬁéfoéé"aévﬁﬂé'reswiiﬁi of gome’ cataelastic movenenty Tt
sgens logical that plastic flov should résult in. thig Yhinnihg of the
ﬁé&&ih'g"pianes of- tﬁfe‘ 'limééﬁoﬁeb Haw‘e*fez*, ehe*az.ca.l assimlatian andi
d:.reet remwal bJ E: 'iaulldwixag a.et:.on of;‘ ﬂle ma,gma, would have the game
eﬁ’ecta Wha.le “theé amcmn'a o,c llmeswne asslmla’c}e& can be eﬁtimated;
!*bhe ameun*t of Linextoné pouged' out 15 prikaowme- o .
- Although uneble’ to measure “thé-aitount of spade’ contriuted by
conpaction and plagti¢ £low; the ‘&ﬁth@:;i’",’ﬂé%ﬁﬁ“ thet Ehely contiibtition
i relatively minors © ¢ i | " |
- Chemichl Meehanigling' . * -

There rémalis now foﬁi#’jESf%difiﬂﬁ/@ﬁ“'ﬁhé’-cbﬂ‘bﬁibu‘bion of syace by
chemical medng, ‘IE@}%@?E&JE that‘essinilation of a falrly reéagtive -
substance guch ,a‘}s inbgtone,’ by aii' tnveding mhgih, ‘Contpibutes & gmall -
but slgnifidant smovnt of ‘space. '-mhé iie’aiébn’@fi’éi{" this statement Stem
from & study of the graphsl of ! the ehemica:l. andlyges: - ﬁfheae: graphs neke
&vident & caleimnm *nagneswm, -and.’ 5pe¢ii‘ic gravity - gradlent through the
s:o,;lls° S ‘3 S _ . o

f"here are several Ways By wh:wh such a gr,adlent emﬂc’t 'bé as%a’bllshed,
namélym fractionsl crysﬁallmﬁatian, crys‘hal gebtlingg Sare't; eﬂec’ca and

| by a%imilahon of & moéteraﬁ:e amoun‘c, of hméa'boneo s

g-,.."u

L Sée appendm Pps TJ.W?B aild’ fn,e;ures 3, g 5.,
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Frogtional Grystallization

How can frectional erystallization explain the caléfva, magnesium,
and. specific graviby gradients? To ahewer this leét us consider whot
effejc;i‘. the lower tempsrature c:f‘ the limegtonée should have on & magmss
As the magma was forged inbo the limestons; the houndsyy ,zénex of this
) _:-__ma.gma- should Be of a lower temperabure then the interior. Thus, the
high temperature minevals, i.e. olivine, pyroxere, and calede plagioclase,
shonld erystallize oub iu & greater aﬁﬁmen%ﬁraﬁion@f) the contacts than
in the ,in%.erior of the magma. Considering only the plegiogissed the
removal of ¢aleie plagioclase. should: leaie the magns, defieient do caloium,
which on further crystallizetion of the plagioclage, showld result in.
& more and—. more sad,:z.ca plag&wclase in 'bhe in‘te:n‘imm mba calgw Qlatgiaclase
migh’u appear ‘o, oaly heeause of *the 1cwer ‘bemyera.tvre of the contagt
but. because o:i‘ 'bhe high 1;tme amj,rqn;}ment o:E’ ‘«;he eontat:to *J:hat is If the
sysben trere safuﬂrateé in caleic plagz.ealase “&he add%iozz of calc:mm '
~ would. have 2 tenclenc:y to "see&" ‘the sys“t,em, a.nﬁ pr&c;l:g:zfaa"&e the ealeic
:plagioelase,w_' I

From fa.gure 6 i‘b ean ’be seen. 'bhara & h:.gh anoruh:lte eon'i:em of the
plagmclase e px’ésens afb ‘bhe contaet? with a d.ec;rease ﬁmwa,rd ‘bhe
interior. of the s:?.ll, ‘bhus B;endmg Weigm: %o the a‘bo‘\re argtmenm

Not only esn fractwml crystadifzation ac:cmmt for the caleium
. gra&ienﬁ 7 buﬁ: ;f.‘or ’che magnesimfa and syeeifie gravﬁ.ty gradients a8 we:ll,
gince 'Lhe arly :forms.ng m,inez'als 5 olwinea and ‘pyroxene are of 4 higher
iron and mgnesium c:ontent: mhan ’che la:me;- mneralﬁ and thus more densé.

A study of th..n sec-izians reﬁrealed gori¢ pyroxene and olivine ab the conbagh;
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“ut mugh of Hhis appearsd bo haite altered to.hormblende. his in no
- Way a)i-ae:f;‘a the' sbofe arguinent’ sinde the g‘omgcsit;&én aid, specific gravity
. of -the Wornbidhde ‘is such that 4% tan scesiint Por' the Obssrved resulis.
Crystal fettiing
¥ Crystal: sét'-&iiug“mi& proiduee o Bredfent  in'the s111s, bit this

L v -method of diffeventiation st Yo didcarded for the gbvicus réabon that

| bhe gradient would be péstricted o' the botbom of the siils
Sovet: Bffect -
| The Boret HErect of therndl airtusién coula qilte posiibly acosunt
for the gredtent evident from the graphiss -Boven, (1928) has sremed
“that the Sordt Aokt i of iibtle’ consequeice’ In dghedtist differettiation,
He veaponed thib Sdjubtuent of Hhie’ conpbhiiion ko' tenperatuie dipferénces
by Giffusion would,' in' dhe galie of ‘@ vagndy bake & gresti dgal. of Gies
Wahly (19&6}?"’fé%iﬁré&"%he-’ inporbatide of the Hovew Effect. - His work
summiizes e ork dotie by~ shenfite’ in the' sepavition of Ysotiches.
WaRL pointe bisy thit ' appiying this tisthiod: to magnatic diPperentiation,
the effects dopend on Bieh Fackors ag: temperature graﬁiem: 5 sive &nd shape
of the body of umgiin,’ &nd the’ $hitial cnmbibion of the isiitas
E*iaﬁl’ slso shated what undsy éértéz‘ﬁ# ééﬁc‘iiﬁiehs' of -fetipératiive gx‘a&ieﬂ’ﬁg
either to the warm or dold veglons. - ok, érfg‘tieg ”bhé:b'tﬁema;t diftuaion
mpy sedbint For fesbures in rocks thet cantt be explatned by any obher
' ‘meaﬂﬁi‘bi‘

© For &, ors détatled. discugsion of the Soret Eﬁ‘éci; Bes’
Wahls%mm;, (1952) 13., 182
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The suthor feels that the Sovst Mi‘eaﬁ wodld Yo greatly hampered in.
profucing the cbgeyved gradients; ‘Sinde the bodies éﬁ,ziﬁmive;&' ‘are sinally,
and should -¢ook rapidly this allowing 13 ttle tive for diffusions While
the Soret BLfech vemaines o paﬁsl‘bﬁ.liby there ssemg Lithle véason o
gearch for such an exobic sxplavetion wheﬁ assimilation and ﬁ:'actionai
erystallizabion of Pér such reagongbie ‘eiplanstioni.

Asbimﬂa‘aian PRSI

Altho’ugh fractional crystallldstion offers & very :glausible e@lmtion
- for. park of the: cbaex'srecl gradientsﬁ Hhe: aliflior sEsE 1o ra;r 40 whieh to
explain the relauionshz.p eisting ’oema'een the c;a,lcmn carbonmte ana the
calcium silicate, by “bhi$ methodo A reasona‘fele ex;gxlana%ion of this
xelanionshﬁ.p is ’i;hé:h 5:3: is du.e to the fuelusion and sgsimilation of a .
gmall smount of ,l_i.mesfoonee |

Let us look firgh ab "aheeealcium carbonade grallient. B8 cen be
seen from the graphs the ealeite is high 2t the contacty lojw in the
inberior, and high agaln ab the lower contach. This gradient am,;:ré; We
produced 4n the following menmers dticlusion of merbley and foilure of
this marble %o diffuse into the interfor due Yo the viscosity of the

Grotnd water depostiion hes been discarded for several. responss
The pain veason Ia thet the gra,dﬁ;em; should be in one Qrection FeBey
nigh at the vpper contact and low a&‘ the lovwer tonbagt, sinee the ground
water should move wndey %-.kzé influence of graviby. It is true theh some
of ‘the caleite fs due to ground yater depositiony af some caloble is
Present as vein fillings, byt the thin sections mreale& thet most of
the galeibte wag due to .other tauses.
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Another sourse for-the ealeite La-thak: garbon dioxide vas: present

\ or;i,gz,mlly an the: magnn,and. that Seme ealelbe vas formed h,f the release
of cal«:ium as. sobysproduct of the -slterasion of fome minerels Fh ds.

. Gfficult to see how ealeibe prodiced in-sugh & vey would srrenge itself
- n.a gradfente 1o e
i Agsuping thet the: calelte’ gradient vers prodyced by improper wixing
ation . of the Marble leb s see whatieffech the included

caleite should have on the TR . .
Bowen, (1928} has: poinbed oub-that when sedinentary minerals sre

Ancluted within' s wagie, bhe: tendenuy - $s for the: aedimem:ewy mi.nemls

bo be converted Lo fgmebus tipe minerals, which are in: equilibriw -
with the meltrat: the temperatine: $u- question. Or ¢lue these sedimentery
minerala are welted and loter precipitabed. in the ordinaxy nwstaﬂiza’umn.
sequence -of . the: reaction series.  He. heg- forther ghoyn, that the .addzti,en.
of - Lime: to & makmy will smong olfier Phings drcrense: the anorthlbe content
of the plagloclases’ |

: wnus;@vmmm geem that the ‘obseived wradients cowld heve been - . -
produced; $n onig: of two. Ways. Fractionsd crystellization of the magma.
pould: proguse the, changes: in the. caleivm- sitivate. @a&iemﬁg igid, i usion
of the ineluded fra@n?nts .of merble could prodiice: the caleibe- gfadient,‘,
er bhe caledum. silmate, -crve  Gonld-hoire’ been. produced; by aasmila&icn
of a mpdetgte: amount of fucluded. mar*‘bleﬁ and the caledbe gyadient again
produced by diffusion of bhe ineluded calci'heo ‘i’he :t’irst webhod seems
doub’&fu.. Em:' ghe. fﬂllmiing x@asons,, »

e "”‘o p*r-oauce Lhe calc’iizm silicate gradient by fractional
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erystallization, it is netessary for the ealeiim foneg in the fnterior
of the magma to diffuse Lo the contactd. This procege of diffusion,
would probably reguire move time than wis availsble sinde the megns
was ab o low bempevature and would probably solidify auite repidly.
It would be much ecasier For the igneods minerdls to obtain the necessary
. calelum by diffusion of calciim lous feom the included caledtes since
the distence bhe ions must wigvabe s Wery ghorl, and not so dependent’
wpon time,

- 2 Tt way seen that in the thin gejéjt:ifpn’g f&imaie’a‘l the composition
of. the g’;&g@@g&;@ge@ﬁl the contiact wad found 1o be Myofibpg, Iwo toches
‘k'aalow "ﬁhis the éam;@ﬁsi'ti;en of the tplagijoam:se Waa %52%1}3 5 s,nd, weiw
: :f.nches belcvr ’ahe contaeh ﬁhe ylaga.oelase containa& almta amﬁ anorthite

 dn eq;xa,:t. nroyortionse Gne wmzm esg.:gea{. - muc:h mpre zmi:f’am campgsi&ion

gradient than wos o’ﬁserve&,ﬁ fraci;ie;m ;xysﬁ;&l;izatim were responsible.

¥ would seen much move Likely that the mgh amp%thﬁ;j@;e conbent
of the plagioclase ab the dontact wag dug Lo é#si:ﬁlaﬁi@m of galeitbe.
I‘ur'bher evi&eme in suppor'b of asa;tmﬁlawon :?.s the caleite gores w;qhin
th,e hornblend;e ami blagicclasea ' . ‘
| Fraabz,onal cryg*;alliza.ﬁwn un.dcmbtedly ;plecys azi imj;-or%mt wale ;:,n
the d,,fi’eremia'bion of 'f;he magma., ma‘lnl;r ;’m 'Bhé imserio:? oi‘ 'Lhe Slllﬁ"vg
bm‘:. the ev';mence aﬁ?a*ilable at ‘bhls ‘b:.me » seems 4o md;i.ca.’ae that
assinilation oi‘ ca.lczd;e is yesponsible Ffor much of the obsexved: gradient;
par»lculaﬂy at "ahe con'bacﬁs.,

. calculat:mn of the Amount of Lmesﬁam A%im;ala’ae& _
In view of ’ahe LEAne by which -bhe authc;r f‘eels the ealeium gradﬂ.ents
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- were established, the calculation of the amount of Limegtone agsinilated
can only be considered an epproximetion.
Zn the ealeitlation it ~ws,"sr asgumed that in each suite of samples
fhe gemple showing the least amount of caleium vepresents mosh closely
-Ehe' k:omipaﬁi‘tim of the ovigingl magma, which wag homogeneous %ﬁroughouﬁs
The Ffollowing f‘am‘uila; glves the mags of éa;leiumv in g ésﬁlumn 1(:::&?_ in
cro:aa settion bebwesn two semple loea.-ba.enaol x
MCI& SBQP Ll + (Dl“’D ) P, (1’1»?:’0) 13¢ w?- o @l”Do)(Pl"Po) i%w
Wheves
Mg = Mags of calcium between -im adjai:én‘b Samiale’é{u
By = ?@rcem calea.um in :t'n.rs'i; Sample ‘t‘,:v.mes Zw"“a
rbo- E S,f@ee:w.ae gx'ava @z .i'.mst sample.,
:E‘l E%arem‘b ea.lcwm :ua ﬁeccsm aampla "t.ume&s i@“‘a
- 331- = ﬁpec:m 16 gravity of seapné. Sampiea
: LZL B ;ﬁe&ﬁw:ﬁﬂ. amsta,nw bébreen. sampless - 0
M‘ter th-:—; mass of. aa ledium betwesn eat.h gga:m OF. Samples in *ﬁhe sm.tv
has been ealeiilated; the toval mags of ,cﬁé_a;,;azzum-ir; the mlumnm obteined,
by adiling each of. these Individual nésses togethirs. Nexty he nass of

saleium. ﬁénts;iﬁesi in the eolwm, 4 b eps. homogénéuﬁé' %ﬁfoughoutg and

of a caieium congen ra*‘-s:ion ana. speﬁi"’ié g;rsmw e@al %a ahé samyle Bhowing

the: :mwest amount. of cateivm, :n,s caiculatea, ,f,i.'hls maas ‘of cateiom ig.
st mcted Fpowm -bhe ‘t:ota,l mss of t:alcim an& the rema:mdef 15 fi,ha smoanh
of caleium dug fo asmmlawono %ié:masé. is vonvepted from’grams

celeitm ko grams esleiw, caybonate, ema_*i_:ha grams;-z‘eé.iémm--ea@‘ﬁonaﬁa gve
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‘converted to volune caleium cavbonate By dividing the' miss of cileium
carborate by 2.72; This volume due to the dswimilation of the caleuleted
- mass of calcium.

On the basis of these (:é;leulatiens it wag Found that frem 0.3% to
2.5% of the total space had been gained by asslimilation,

| Discussion of Caleulation

The higher values obbtained from the ezleulations ave subject to
- Goubt, since these were made on swall &ills where ground water dé@os:if‘cion
provebly accounts for dquite 2 bit of the caléite. A good average value‘ '
of the amount of space gained by assimilation i§ 1%, It should be
remembered that this Tigure vepresents the volume occupied by assimilated
caleite in a column of gill vock 1 em.2 in c¢ross section and of a
length equal to the ‘thickness 'o:E‘ the gills It can only be assumed that
this figure ig :t!epz-es"anﬁative of the volumg of the Sill.

Replacement

x?fobabl;y gome replacevent of the limestons by magnatic solubions did
occur. There is some evidenece of this in séveral thin sections.® In these
can be geen a Sorh of "fronk® éconsisting of én iron rich solution, that
has moved into the marble and attacked it. This front is only an inch
ox so awgy from the contact and hag al'béred OI,'I replaged only a very small
aount, of marble, . If, veplacement. has. oecuzdd 1t séens to have been.s |

very mlnor meang..byr'x»;hiéh the magme eould haye gelned space. . |

1. Sge sppendix for a more detailed description of these thin segtions.
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A study of the sills dn connestion with 2 particular laccolith vas
made in,on effort to determine ‘heir means of emplagement.
. From this mpudy it was concluded hat the bulk of the :‘Sp%qél.r;eeeﬂeﬁ by
‘the magme vas ﬁbta#ir;eﬂ;wlpére}w mechanical means. The magme obtained
. most,of this space by .simply, shoving aside ithe limestone, resulting in
| ,‘bowed and. faulbed Limestone beds, ;:I'n,-tl;e.progeﬁé of .;tk;xjusting dts way lo,
{ I;‘Ghe mage compacted, - fragtured, and gouged. ot some of the. }.meshone The
) 'ma.gma probably atbacked. the -limeatons chemically. while in the process |
~Q.{‘ emplacement - bub the  ealcium, . magnesium; and.. spec:.fic gravity gmd:.ents »
_'_vere produced. through fractional. crystall:.zatmn and.. an, e.ssz.milaﬁwe ac’s:xozx
of ‘the magpa vpon fraguents of-lisestone: i‘;zom-»tha.brec.c:.i.a..t_ce,d-ﬁ.}mne surrounding
“bhe wagpe. An abtegpl was made to -.,aalcula;be».ﬁdlgse; ameunt; Qf',S}QELQQ a%:tailne@
| by . chemical; agsimilation, and an approximate digure of ‘L,o of the botal
volutie wag arrived:upon. Very -Little space, sgems o have resulied from
replacement of :the. limestone. -
“ More. work myust-be done and several problems solyed hefore more exach
fig;gz‘r,e,é .eoncerning the eontribution of space from éach ;_}:ﬁ‘. The v@vims

megns gan he Ca“lﬁul&teé,,l .

1. See appendix for sugisstions on further work and uisolved probleims.
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'?ﬂeyémation- of “Standard Solutions '
Ammnmnz A 04000 g xsample of Elnamirnm me:tal mbboxz was mighaét‘
. o dnd *ﬁfansferreii Lo 550. m}.o beaker @i 6153011!’6& in gond. BLs Hhie
--aclu-bmn Was brangFerréd o 8 1000 #l, volumetsic a‘i-‘lask. and dilnted. to
U yokume with aistilled water, i gave-a eonsentinkion 68 ho iom
' ?.aiwhinwﬁa | _ -

»(Ia Lednmg - A 001#993 an. - fanplE of caleite wagteighdd mi;f‘an&‘%fé,ms;ﬁfemé&
to @ 300f 1k, tEdL Somn beéa,l{ejrgi:ﬁrheﬁef it vwas digsolvéd. in diLe. HC;L ana .
'avapmra‘cea, o' siryﬂeess onghe hot. pla‘cen The. resméue was “paken: up- in
dlstn.iled water ang: wes Bramferrea 1o a 1000 mk.: volumetr*lc :ﬁ‘lesk, w}:zeﬁe
i vias Aiduted Yo' volule with digtilled water. This geve s concentration
of 200, gpm catéivm. o .

Trone A 0iN000 er. ‘Sample of.-Sbandspd iron frive wae: ﬁelghe& ok
“transferréd o a 250 Ii!la'-%eé?’éﬂa" &ha diasolvéd T donse. 'ﬁ@‘l@ ‘.‘ﬂn_s Bolukion
Was transferred 1o 8. :LGBQ it I yolumetiie Flagk aud’ mw»a %6, vellme
i bh $EtILTEN Wai‘.ar to give s, ﬁomentva.w.cm of 11@0 :gpm wono

Magnesivms - A oaeoeo g ghuble cai‘ magﬁemm mbbon ATEs wea.g.;:ieé. ouk

and, iﬁra«na;ﬁ’ﬂerrga'tou&y 250" nil.! beakery. Bnd -d;sgome@ An Q4L HEL. his
solution vas evaporatéd to' dryness om the ot plate aid the. vedidie- baken
up in @isbil18a weter. This sblition was' iransferved to a 1000 ul,
volunetrle’ flask shd AI1wted bo-vilune with Q;iéfbiiléﬂ: water. ' ihis gave
& eoneéntration of 200 ppm magnemmnu |
- Sodivms A L0170 sm. 'samplre O sodium ehlopide wag. weighed oiut and

trangfevred to s Y000 #l. volumbtiic Fiagk and dituted o volume with
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distilled water. This gave a goneentration of 400 pom godium..
Solutions fg:z:‘:gi;agéa,xfé, Surves of Oaleivm and Megnesium '

_ldmestones  Holutiony renging in concentration from =150 ppm caleium

| ere prepaved, by émWing éﬁgffﬁ;;:eﬁt aliquots, from The privery stendard
. molubion and transferring them to 100 jk, volumetrig flasks.. !i:ﬁen 25 mls
e & ',%he primary m{g@esimifgﬁanaagi solution weve added %o each Fiagk,
and the flasks were dilubed %o volume wilh distilled waters fThe 'mgfzesimn
os added to the ealelum standards sinee ma.gzlesium nad o very slight
depregsing effect on the caz.e:mm £lams enisgion.t Since magnesium wes
found in the Mimestone, {he sddition of the mgnesiun 4o the standerds
courteraate& uhw aepressmg effecto

$olu'm0ns rangmg: in gex;cemm’&wn :f;c*om euwa ;bpm magnés:mm wgre
prépax'eé. by drayring aliguets from the primary maguesivm sxandarﬂ golution
. end, trensferring this to 100 wl, volumetrie flesks. . ._“.3.4‘9 gach of these
flasks 25 ul, of the caloium gtandard solution wes 8aded, and the Flasks
were diluted to volume with _;@;Lgt;_:m;.;e;@_ watere. The caleinm was added to
the magnesium Ftendards to fake into account the slight enhancing
effqt of the galelun on the weguesium flaus emission.” .

| - Bhapdaxd Solubions For 8111 Rock Analysig .

The. ealeium and magnesium standard solutions for ,.'tisrgé anglysis. of the
#111 rock were prepered.in the shue wanner 8¢ were those for the limestone
analysis. Whe, 'ans,;y &ii‘:%’ergnce was %haﬁ: %o jeach of, the Standards, J'."O inia
,19 See ageompanying graphs showing the effect of caleivm on the. magnesium

£lame emisgion.
Bee a;:companymg evaph shotring Fuis effﬁ@tu B

[ v . ..,.“"
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of the pmmary sodmm Fhanderd solution wEs addeds Thué 5 in the cage
of the eslelnmy standard s<>lutions were: :@rapare& each ;ecpn‘talnlmg 5@
pom. magneglum;, --!rer ppm. saawm,, md i’rom:é«:&ﬁ@ geisiil ealc:mm, - In-the case
. of the ma‘,neawmg ‘the standerd golutions: mntamecl 50" ppm. caleums
L o P godivm, “and. magne#mm ranga.ng in aénqen'bratmn From 0=150 ppue
fi‘..f;;x::‘.= S RN - Tnstpvmentation ‘ '
s _ff’;ﬂ?mje ingtrument used to’ produce “the"standard curves and for the; -
i atiglysis ‘0f Hhe Linestone and @ﬁds:asﬁei porphyry vad'a Beclman Model 2U
= f$§édti'oﬁhotoxhéﬁem' Phig -insfmmem' es eguipped with: %he: Vodel 9800
£Tame" photome ey #b1 agbmanw u‘ﬁm.‘gmmg the Model. H0RO. hy&rogeu akomizég,.
The fuel usea 85 an -exeitation Smmc:e wes o wikbure of’ hyarogen aid e:;ygeno
The‘ pressure o.z' £he ox:;ré;en vias 28 pﬁié on; the tenk; and 10 PELs. \an the
mstrvmen'b. The pressure of Yhe hydrogen iag 10 poi. on the. taﬁk; ané.
5 Psie. ah the ing bmen:bn The frvelength used for the caleivm analys;tia
Was Sslr muc Thig Wavelervgth represen*hs ong of %:he pmrxezple 1ines i‘a
the caleiwn ‘émizgion anaatma and was choden bgcause of ‘the Jeteetion
| Yimits: é&sabllﬁhaﬁ fer thig ingtvm en‘a Toy :Beekman Ins%wmants Ine;al

fﬂhe sz,rt math uged in 'bhe ea.:l.ci‘l}m a_nal‘yama viag O 01 wme with the
Baekman Mod.él L30k mOhomultmllex- at“sa,chmén The Yoad degiitor, Modek
6573 as get ot position 29 giving & wpgirm xesigﬁa.nﬂe of 10,000 megokmiso-

. Bo garvy out %hwa magnesmm ana..ysmg the serb'bmga were; retained in -
thezr ;peﬁ,s:tmn of mmmzm sen&:&wmya Al tha:h wiag chengst from the
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Figure 11.
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TITRIRDAoTufley 8 sbove S0l oval 38 Epsey BoTh, 408, 36.50,
Tl 1500 | s -
i EVWwLSW “53 a’ha“sre eyeo Spo@og 2-;‘73. s : |
3V~~-I>¢§° 3 52' abwe eontacﬁ, on r&ha lef%; hana, s:uie» ;;«‘af:po(%q 8. f:l.
Nokés. mhe area. dlrectly a’aave "th&, eye ;s ,ahoi‘. ?;hmugh mﬁh eny tmy
mllse same of "chesa ara only & ;E‘x-acmon of an :».nch tmﬁeo ‘ ffhage sml—la.

:@ene%mhe the hmes-tnne B 4 de@th of 2‘;” b:‘(‘ 3’g Some o:r -thcese ssﬁ.lla




67y |
appear b0 Follow the baﬂﬂing} ﬁhxle aﬁhers fUE Berogs :Liz.p and. others
Follow 50111*;1011 chamnels, SR _
Ilmlﬁlwmwmoﬁa sml gan‘cﬁﬁ% af the . abmva described mﬁema},a S}Qo&’d &
B (.81; ey 34805 Mlg, .00 -
# w-uwsii&ﬁ deapribed sboves,. 53’9&@%9 2986 '}5@&& 1%8% %Marg 3 1‘33
. $003; 10,68 .
R 5V~w3ill, 6 ghove ﬁan‘&ac'i:, &po @o& 982;, ‘}6@&3 6&% ‘;%Mgg 2 9&%
%@@3& 303«2 o _ o C Lo
" Wﬂ#mﬁ»ﬁe “onbagty belieen upger-suall mll? and lover eygs
' sp.,ew 2969 A . 4 . SRR
*‘ svms:m Ean'&ag‘i:? Thig eye 4 15! “5" long sng 37‘“ hiél't at ite

¢

widest milﬁip &‘}.ns eyg; ia xoaghw gl..:,gi’i_:;%}u ia 'sh:a{p\_ep-
‘I‘he &ye, ’ﬁémﬁa?hes o beﬂ&m B4 btit mosh of "bne be&ﬂing -z,q-mds

'iso g asfouﬂd ity Speliey 2988,., ,oc% 3505 | *\gog :L;f#ag_@ggﬁp 1.33

. gva»wSi 11;. 3" belo contagta ,.,5€_§§.§3‘ﬁ3;., .83y %0ay Lka00, Yig, 2,00,
R 1.2k T e e
'"mvw-n%illg 2 :i./ w a”bove iwer eomaem s;ggea s a.,&é, %@a,, h éaé,

‘ gy, 1805 %cesg, 153 o |
mvmsa,z,,g 2% ghove, coritaihe. Sgnééo, gosa, %aag 3«5@; g, ;r;.?;ss;,.

ﬁeaa, 1«56 T 4 o .

“12%«313.1 dontadte. Spsley aage, %ca, 6060, ‘?'Mgg, .,ae;“ %easg 1 82
,"3,3‘53'&»6# LS. montagt. qum,,aaa% a@a, 3650y %Mgg %00

*“mvmzasn 8% pelow contact. | 5::.,@,, 2,68, o

, '*"rﬁvmx,ogo, ar. be:,mz gontagty s@o@., a.,?e, %ﬁaa 36,5@} i@&gg mo

s .
J : P
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Wotes he mssmg beds in this eye B1e z'ougﬂaiy 2“ wme by 15¢ 96"’ .'mng
Guterop II%, Seatmn A, 2 horizonmlp
;IMHwa%& s B .1/2‘ above Jc:g in eyg;, 8" abotre tiny s.Lll., Spo&q; 20?8,
%c:a, 85,00, g, L.00.
W évuéul‘.oﬁa, 3" @bove jogy from the een-her of thé smaiil Si11 avés,
: -S?@‘G«, 2276 |
# “\r""‘ﬂ"'IIGSo@ 18" above Jog. Sbefe, BTl
L 3 R N 9 dontact on Joge Thi;% Hemple eunoamg & smali sill 'bha:b
deems fo grade into the Iimetrtons. 'S_paﬁw 2,66, a, 36.98,
fgy 100 | | |
¥ SYusefI1L contach b jode Spefes BT6, 405, 8.10, i, ek,
| 03, 5.00 -
1 6vw-ms1119 1eft hand, poink of Jog. wpqas., M&, ,ac:a,a by 99, %Mgg
1‘,&0& %805, 1456 |
t 'NwaSi._l ‘gonbael with boﬁh s:.cies of £hg joge SPoﬁﬁg 2»2?59 A,
Lp 86; Bl 2.30, %393, 2.30.
" 8%@-»&95‘» centwh with pight hsmcl pal oF Joge SPOGG » a.,'m
" 9v~mL=.s, I8Y below Jogs $peea, 2,68, fay 36.25, Bs, 1.00
Cuterop- Hitg Section B, I hopizontels
ITIBIHIVeeatiBey 31 above ¢ontact on lefh hend gide cf ayea Bpolon BT3,
da, 38.80, Mg, 1.00
" av-e::qu,as:;l.. dontact, with tmy §11%, Thig &1 ie :E‘x'om an gres,
similey %o theb detioribéd vnder TTIALHN, Yhis sample is from-
& G0t B! above eje.s  Spels 270y Hia, £6.50; Big, 275,
76035 31.h6 - -




©y |
IIIBiHSV«-m&S, ¢ Slightly metamerphoseﬂ,, 8% above &yd. SP@‘G‘&—;;; 2Tk _
" h‘ir»-wLnsu com:aeto Evidence of some ‘effect due to ground xuaterg
I'm(i’g c'iend:ames present in lmestoneo Spofs, 2081
. w-maz.s..«sm contacts Epotey 2:{9, Fech, 36.,50,, Bigy, 1, ae,, %c@3,
36;.18
" GremcBILL contach. B0y 2.78; 05, 400, g, 1.30, 05, 1.96
W *?v-msi:u,, 4" below éon‘hae“i:o s;g,@w 2,78, %%9 ¥.105 Mgy 130,
' #6035 1,70 ‘
# 8v~-:~s:a.llp 2¢ below ﬁonﬁaet, Spoaog 29813 ,acag 3,»!.&09 %Mg,, 101@9
005, 21k | |
" 9%«»313.1 gontact. Thiy g:.r,:LIL mew *ﬁa "‘i';e‘rmimﬁa .‘*i;he ,"be,d&ingf :
byt fmly on the gurfacss &:pai%op 2;:9% %C‘ag 5,10, fig, 101&0,
_ iod@%ga 2,98
"10Vmmeliofle 6" Below. contacts Spaﬁ-np 2:(6
Outerop ,13:1'2{ Sﬁc*bmng‘ L hongntalg' N o o
ITICIIY ==L, vy a’oove oz in ey@a Bpeliey 276, fila, 3'«93?3:‘;‘ %{\ng 1,08,
9003 153 | o B |
# zvmms;,u 8" above gontatte sp.,a.,g 2579& %ﬁ% laeoag %Mg, loaag
%Qﬂsg 243 “ _
“*sr--mmn contact, sPQGW au{@ %cay 2:- 1&% %Mg, :f.p:ua,.,, aﬁcag,, 1,.,62-
" 1:«vm3:.°$° contacts ﬁpae.,a 2.69; 2, L0.00, %‘Mg, 3.,.09
g mwuxmab 2! below contiact. Spottes 2.70; Pay 314755 ’/ZMQ;,, \Loa
,'I::zz:cz.vmsm,;t ,g;@mag‘_m me gill; a'i’z-,, ‘;’“17"1% ;g;;mt i_f.s cqve.rgé by Jimegtones
$P‘}a92ﬁ569 ey, %o 92;. ‘fﬂea 300, 75393:@ 265 |
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TETEVomeI1L Gontiont; 3¢ o the vight of the Iist saupley in the gsuter
of & greTl G111, Epuliay 2TT 00, 5.60, Mg, 060, HCOg, 5:73

3%*«&;30 doutapt. Bpeies avé;% Itay 38;@9, Ity loﬁa

IIWQHIFM»@»& somple of gounge Hateriai. @a@a » 268, %Ca, 3’[»?5;,
_ %ﬁ 100 ' .

:sﬂ.l refevence sawple wos also taken From e spot 8OO yards abo?e
eye qu &lih 15 was bo be an exbmple of uncontaminayed siil rocky howevery
':"‘Ghlﬁ ﬂﬂiﬂple had, iore ealleite: and wore caleivm than hny: of ‘the supposedly
. aozﬁ;amnabe&. sampless It wes ﬁssmnaa. et -‘&hw saszt,ple of Bill vas also
con‘bamz.na'te&a "Bt lbay o BTk, Hlay 380, e, 9.,403 %ﬁag;; ;1;.938¢ |

| ‘« PORTTION G SAMPTE AREAS: | ‘

i‘a “:‘?‘laté E, cor: b semw 83 the magm‘ weas samjgle&o The Jevge ellf*‘
o the left vai. deplepated ag egi;gmey; 11, 11D s thig J.az*ge ey’ \ra.sa,b?e
on the ¥ags of the GLLEF TI6 is H0 Fech o Hie mighb of ‘Hhis cuberop.
IIB is dire¢tly avownd the corpev-off,the elagts IIA 4e 150 due east
of 1B, aluvet fn-the milly betwden the two leves Cliffs. Gutepop I
is the smell ¢RIfF, in the lower genter of e photogreph. Quterop 11T
is the lapee ¢lifF to them@m of e, photographs | TIIA 5 situated
150 feet 46 left of Hie inrge éye, end 100 feet below ibe IIIB is 30
 fept to. the pieht of T1TX, snd TT1G 1 80 féok direetly mbove TIIA snd ITIB.
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. DISCUSSION OF GRAPHS o

" The preceding graphs.s? _:ﬁ,‘igurgé 18 to 25 ifere‘ prepared in the same manner
a8 tlrere -bhose in the 'bedy af ‘the‘. paper .,,1 They exnz*ess: gm;ghiéally the
resul'hs of the cbemcal a.aalyses and, Sp801fic grav:.ty measurementaﬁ In
all cages. ‘the results are similar, that is, there is a premunced high
in the ealcmm, magnesium, &nd spem:{’ic gravity cuvves at both concae.ts 2
vi_th a tenldenc;y ;te remain fairly sieble in the interior of the sills.
Zi?n. all vc,a'ses theve is some sort of relationship evident between the
ca:l.cz e and the calcivm s:uliea'te. ' |

‘ BEIROGRAPHIC STUDY.

Sedtion TT irf Ly, .
I;éseripﬁ:i;éﬂ- Th:.s slide l$ a calc:;me marme, ‘mﬁh numercuﬁ f&s&ures
én_d cra:ncksﬁ It shows ev*dence o:é' some eataclastm adjusmen‘c 5 in thafh _
there are ;xq_meraus large fragments of caleite surxgunﬁea by many finer
grains of calc;te. . ) B . ’ | ’

Aleng nmost of the cracks Iron hs,s comen‘bra.“&te&, m the f@rm e,t‘ mag;ne-
tite. Associated with the ivon i8 & brownish opague substance. that.-
seefns to. be*at’aacking: the galelte. The mégmémte‘ :J}s lélel_zesit‘é&‘beft#emn
‘the grains of calci*he, while the oPa,g,ue ma'ber al surroun&s the prains

of caleile. . .

The magnehte could have been formad by zveductwrr of hemati’ce dumng
the deposition of +the lmesrbone, but, it 1s mmeh mara l:nkely that 'bhe
iron is the result of ;:\c*grix rich spluﬂf;cpﬁ‘ e;naf;lﬁ?{bwg ﬁrom‘ the ac‘laa_'g.:ent
magmEy .

l’o Fig(&I’ES 3; l!‘p 5-
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Section TIAUHSY. L
Rogk type: Andegite Porphyry. E,St:’ima’bé&. % egﬁposition‘
Pegeription: Main mineralsy plagioclase, Anyohbgg«cemr==-~=T0%
hérnbien&.t—;:-;m--¥~4*~e~~»~%»~~~~~~~2®%
 QAABIGE e et s e s T
aecessez*y-—»—-m«-n-n-»----w-»--mmm»a%
This section 1s heavily Weauhered, ﬂnzs it is very &wi'mult to
‘obtain clear velatlonghips. )
Aéc.esscry minezealsé sericite, hematite, thomgonite, penuinite, pyrite,
Pyroxene, opal; magnetvite. ~'
Relationshipss E‘légioclasjé:; Much of the. plagioeluse is Fine grained,
and much smaller then in other slides. The plagioclase is fairly free
of inelusions, but i:r% gome ocdges -c‘a;lé;itéj;ﬁj irigludaay and, d.cesn”'t
seen to be due‘ to ground watexr. Assom,ated with the plagmclase is
mu(:h ﬁemcwe ancl some magnem.teg Hombleade, The hemblende hes mny
inelusions, m@mly apatl‘te » c&lt:ite 2 and magnetv tm The borde:cs Qf
the hornble:ade are much corroded b;,r seriemé; and, in some cases # penmn-
1te-. mhe hornblende phenocrys‘bs are m,u te larg some aye. {/lG'chs '
of. an :anh in 1engi;h, ' . . . ‘ _
The mgnetybe occu;'s at fandcm tbroughout the slide, anrl seems “m
be clue mmnly to 'hhe alterat:mn oi‘ hoxnblende and pyroxene.‘ ]?yx'l'be
is el@se:l.y assouiabed m-bh tﬁel maé;r;eiszte, an& arcnmd ’oot&x is B hala
of hemti'be, . _ _ L ) '
The ca,lgi'be pﬁaaem seems 'to be dua ko WO ﬁamses 3 namely grmmd

water dep@sitwn arnd mclusion of *the svrroundmg marble by ’she macrma
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The former seems to have supplied most of the caleite. The thomsomite
and .somé of the penninite appear with the latier caleite and arve 2180
aggociated with some hornblende and ,plag’ioclasg, The opsl oceurs
along craékﬁv‘and. velns with the. ground Wafbe:cydep@site& caleite, -

Hi—stbry:- When the maszms, vzés injected some of the ealcite was korn
away: from the walls and, be'eamé incoyporated in the magme. This scems
evidéirb from the high anorthite content of the plagioclase and ‘the
inclusions of caleite in the hornblende and 'bhe plagioclase,

The garly minerals. formed Wera probsbly pyro¥ene and oliving with
the hornblende oceuring later. The pyrogens ete. were rather unstable
and broke down .to magnetite and hornblende, Most of the magnebite
seems %o be the vesult of the decomposition of the pyroxenes.

The sericite appeared in the denterig a.t_agge oft the wegna and attacked
the e‘aher. magmatic minerals and some of ‘the caleite. |

The final ‘sta;ge seens Yo be the d;épc;sitimn of calglte amd. som& opal .
by ground water.

Section: JIALHGV . |
Rock Type: 'Azxées%e- pox'piayry k _
Deseriptiony Ma,iﬁ mine:‘c':a,ls‘fa: “ ;f__sj.agiqp;“tage ;An55AbK5_;-~~~~~'~-u~TO%
| | hornblémie-ﬁ-a---'.~--~-;‘—-‘-wﬁ‘-d«mw-wﬁe%
pyri*l:e-m--m«~-«~*----~.~-.w--f-,-<-—--w~5%
accessery-w«-m~~-'--—---w~~~m~~n-5%

Acce‘ssory minerals‘-; apa“blte;. augrbe; calcrhe, pﬁnmmte, seriglite,

titanite, magnetite, allvine, and v:ar,r small mounﬁ of quartz.

Relationships: there are many horn’blende ghemcrysts shz*oughou'!: ‘che
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rock. "The length of thése phenocrysts is /4 of an :anhq _E"nﬁludé& in
the hox_,'nblende ie apatite and in quite a number of cases, pl‘agioc;lase .
and to & lesser extent; éaiéitea The boundaries of the hornblends
pvhencerysts ave Tailrly shaxp but all have been attacked by gevielite,

The plagioglase forms most of the ground-miss. 'The plagiodlase is -
noticeably lower in anowthite than wag the bordér slide. Much éez‘i’ciﬁe
has attacked the plagiodlase; wainly in the cove. Some c:élqi.tej and
& sizeable amount of apatite sre included in the plagioclase. |

The ealelte oceirs as inelusions in both the hognblendé and plagio-
clase and slso ag pods oscupying the interstices between plagioclase
graing. fittle of this csleile seems ‘tQ Yiewe besn xieposl'tezi by ground
water, 'The auglite ig in i'ragmen‘hs thiroughout the slide an(i is very
mach altered, mainly o horublende and »-:magnei‘.;ite»

The olivine; titanite, and qua¥tz are in very smail «améimts ‘through-
out the glide. The quartz seems to be ;'p.x:‘e‘s;ent as an la;ﬁ'terthoughﬁcg
gince éq I!_ii‘;t,l‘t,_e o# it i’sj present. h .

Histiory: the first minerals to appeair were olivine, pyrokene,
titanite, and plagioclase. fhat the hormblende oecured iaitex‘ is ghown
by the inclusions of plagioclase in the hormblénde dnd the assoeiation
of hornblende with ;gyxfcxéné relics.

- The serigite séems to be ong¢ of the lasf minerals Formed as it
attacks both {the hornblénde aﬁd the Qi&gﬁ;@elgseu
Section TIALHTY
Rock Types andesite porphyry

Degeription: Mein miveralss plagioclase, ‘An5ga Abpg==smmma=TO%
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" -hcrnﬁlendé-..‘.;..‘..,.,;_g,_.g._..;;»a;,;ﬁ_;;‘;u;go%
L B 4 =PRSS S0 B AL SESIE U
_ R geeesgofy;f;;m-_;q;w;,m_f.h.‘“-u.,a;;.,;:;hg%
Aé‘cesswy- mi;ﬁeraiszé\- megnetite, chleite)’ sericite, apatite,’ penninite,
pyz'exene N and Gelivine, - I
_ ﬂelatmmghn.ys“ The horiblende ig faiply clea;n with ‘bsmndarwer ot -
baﬂly airbacked by. penninite. :Encluded in thé hornblende aré plagio-
elase, c:alm.*t.e, a:pamte s Dyrisey and magnetite. The plagmalase is
for l:he most part ra%he“ﬁ Fine grained with numerous melLsmns. These
\mclusiens are ealeite, clivine, pyro% ehes and: dpatite, ‘S,emgme‘ .
a‘btacks the plagwcla&é meinly atb the covey v . ce
fI’he calcme is present both 852, vein £illing and as ‘isolated: pods
and 1nclu51ons. The firsb: R-Y *ver;y obvmusly-a"ground water - depositwn,.

whlle the 1sd;tef seems ‘move the result’ of an'inslusive action by the

hagua. .

E’he pyr:.te and. magnetite ave’ dispez'se& throughout the slide with
the gnly-mt;maable concentrations beguring: a,t py;'o:;ene religs,
E’ehnini-‘ge .also otbcurs at’ these relicss o

: Histé:cjr‘é‘ the history of this slide is the same as that of the
Fforegoing slide. The only’ ’difféx'-‘énce i8 the presence of chlorite and
calcite) the chq.d'rii:é. depogited during Fﬁha’deﬁtez‘?ic ‘s%égeg, and some
of ‘the: caleité deposited b mround vater. - |
Beetlon I1ieh..

Rock Type: Skarn, or hornfels, and smphibolite facies. |

Pescriptions this seetion is of & tiny $11Ll through ~the ‘mayble.
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chluded within this sill are grains of ﬂalc:i"ce mach finer than those.

on the contaet.

Eﬂ'b s Gounted

Main minerals: CALEdtEw=rmmmmmomcmnm e 450 %Ln50%
elino-zoisitem~—mw e WO 5. 70%
R ——— 5% 1.98%
EPORBULATE b mmmm e cem e R
BLCEBBOLY =~ iomr e s msnmem 50 5 70%

Accessory mineralss pyrite, hematite, penninite, Wolla,stonlte,
a.nd pyroxena relics. penninite--2, 01,y . ;pyroxenewla%% .
Rela'bionshi:ps* 'bhe only ferro megnesiumn m:meral ig; the pyroxene*
Qutiining the pyroxene is penninite, while in the center and comgosing
most of the bulk, is clinm-zmmte,. A:Lam associated with 'hhe&e relice
are cale:.te(, Wollastemte? and magnetite, Coo C
o Ga_l,cl’gg ,and,; a;in%misiﬁg yrovide most of the volume. of; the vein,:
Where grossizlari%é ..is present i‘b, ig.in the form of blobs. of- differing
composi*bion. The erder of: mmem‘l. appearance. from the outside in, is.
jpenm.ni’ce, -!:.hen penmnite and. grossulaiite, then. grossularife; and.
finally.at ‘fihs?.COX‘.ﬁg:Qs.«l?iﬁa‘-hv T Ce
Historys this small $ill seems to be _‘thé, result of the eneroachment
of silica and tron rich solutions :upén;%he-;bzfeggiated_zppe__ e;,f‘f@he;ime-n
.S-‘hﬂnﬁw Due to.the Mmetagorphisim, of the marble the zoisite and, wollas-
tonite were Formed., ,*Ehe pyroxene Was:,pmbam;r present ip the original
intruding solutions bu-t becamer unsta*ble -and wag. readily metamorphosed
? (} the chlorite.. It is difficult e determine: the history and relationship
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of “the ‘pyrite and magnetite to o'{:h’er mineralss A1l vhat is kunown for
| certain is that the hematite dssociated with these two mineydls is later.

A ptotistical study of this thin section wes made to check the
estimated percentage. composition and alse to try snd ascertain the.
amount;, of space contributed to -the:magme by brecciation. ¥o Go this
the percentage composition of the thin section was deltermined through
‘the ﬁSé‘éf Zipua~tone. - Zip-a-tone ig simply & trenspavent ¢ellophane;.
pé@ﬁfihé#ﬁécked'hawing‘uniﬁormudpﬁszp?inted vpon the ¢ellophane surface.
Fo use zi:gﬁ»-aﬂddnes.;%o estimgte the percentage, composi?iéﬁ,' ::*t was first
negasséry'tqfremmve,the‘garaféne bagking. Following this the zip-a-tone
was :E'astene_d:.’bo‘ the thin se?*ﬁ;on,x_ﬁth rubbey ban_éis anaf'the:fse:@tion u
was then sﬁu@iéﬁ, under the microscopg. To. estimate the pexjggnfpagg L
compositiony it was only necessary %o e;o;int, the dots on fhe.; zip-a-tone
over each mincral. :Then,. lgmoﬁ;hx_zg the. total nﬁmbéxj of :aofi:r;,« and, the
number of. doty over a. @artieular #ine,i-al!,- the per#én%ag‘a of ‘this mineral
in %he thin sec’moa was, easily calcula:heé., .

Using the. percen-tage composi*bmn obmme& in the a‘bove wanmey 8
theoretical specific gravity foi & -mc&;_hgygng Xnis composition wes
carl,culaﬁédj.. . The differenge between thig, ;s;lz;‘eci:t‘ig grg,yijﬁy and ‘bhg )
measured specific gravity was atﬁrlhuteq o spRes. . L,

The ve;i.ume that g x'ock havlng the calculated Sp&?ﬂlflc gmthy E,ﬂd :
the volume of the x'ock ‘having 'bha mJeasured specifa.c gz*aviny vraa |
calculated. The difflerence in volume gave the VQlume of suaee m-th:m
the rock. .The per cent of the volume oceupied by space in t@;swﬁayﬁ;c~

ular section was found to 13 - .
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No particular significance is attached to the wagnitude of this
tigure, The resson ip that more studies ghould be wade on gbher gmall
Si;‘ls“'-ﬁineg it is Felt that this one study might not be ‘represéntative.
The -;Qr}}yl.si.‘é‘a‘hif icance sbtached to ‘the foregoing exleulation 4ig thel it
seems :to indicate that hrecgiation gontributed space to-the magm,. That
grose brecclation hes, been an iportant. precursor of intrusion is seen
=il;_1\”$§vez‘?&i:©f “the ouberopse .., ' '
Section: TIIALHIV
Rock types daleitie maxble
rbgscz‘im}im:‘ Main mi’i;xeraals‘;:x C}a,iﬁiﬁﬁ‘-‘“?f‘~.‘“*"'""'“***f"?»—ﬂm-*“~~'*';**?"~“9a§%

O‘_@%lﬁm-—-«-.-f«‘-‘--»--—m-mm.-.._m.«.,a,;.,.._...‘l.,.,.“;g%
- magnetite, pyrite; &
hema.’ci‘te-«-~-—---~~5~p»:.~m,«u,~q.»*..,.M-..rl% :
Descriptions "bhis.‘ mérble ig fing ghained and egua-granulsr with
numerous fissures. Nelghboring the fissures the warble is of a larger

grain size. Throughout the marble is much opal; magnebite, and PYTite..

History: the finer grained marble might have been formed by breceiation,

or by some method. whereby more nuclel weve SQPplié& for grystallization.
The opal could have formed either from simmlisncous deposition of the
limestone or by ground waker déposition. ‘here is no evidence to
distinguish which of these is the move probable.

The wagnebite could ha.va been foyrmed by ‘sfaveralﬂ processes; nansly,
‘ reduction by dedomposing organic matber of hémaﬁi%é originally deposited
. with the sediments; or reducbtlon of this seme hematite by the adjacent

magms; or ivtroduction of iron bearing solutions From the adjacent mogma
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vhich hed & tendency to metamorphose the limestons and alse o' deposit

iren, - It 48 difficult o sdcertain whith one of these procesuss is - -

eorrect.: - -

Secbiony .. FITAIRRY -
 Rock-Types - caleitie mayblei— . o ¢ - o

Descripbiony ' .Main Minerall =~ . LALGILEw= e dmm o i omsenm GO -

Accesgory mineralss opal & NEmItltemssmememumansaslf

- The mayble Iy shot through with seversl small fissures, hdving

| ) Fine graineﬁéaiei*&ﬁ along the edgeg. In ;mga'i; cages this caleite is

mich finey then that' in the marble, -One large fissure hag large caleibe

‘grains, end on only one $ide, o Wend of hemstite. Moving out into

the marbie is & sort of eaythy sppeaing frombs, On the other gide of
the fissuie, theye ave lavgé gradng of caleite; furrounded by meny
meller grainge - i . o oo o | ‘
Hn*:s’toﬁy'gf CThe ipestone was mé?'i:émcéﬁ@hosea boe marble by hai;gh‘bdzéing ‘
magms. During the intiusion, ¥he warble wes subjeet to Bome catecianbic

mbvénent; B8 evidenced by the lsbge sraing of ealeits surrounded by -

milonite. At thé seme time Tissurés yere: opéned allcwing thé entrance

of iron besving solutionss -This iron thén mbved imto the marble in &
gopt of Shemical fronte
Bection TITAIHSY ~ - -~

Rock Types -hleitic marble S

- Aecesgory mineralss  hemabité and opal.

This s1ide 15 mish the ssms 8% the previous one. There Sye. nungrous
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'f:;tssur@ in ‘the marble, and some iféoniha‘sl‘ moved into the marble giving
1t an eavrthy appesrance. The genersl higtory is the game as that of
section HIA].HQVO

Section TTIAIHLY

Rock Types Skarn oy Hoynfgls

Pescriptions fhis elide has e véry biny vein oy sill within it.
The vein doeg not go completely 'ﬁhi‘bixgh %he-”slit‘i’e buh sﬁaps,-mrbhie céentep..

c11nguz01$3_ﬁeamaueamapbmwuqqmm=35%

C vhérﬂbleAdew5*9w~eé-e--?emf?erﬁﬂ:-:‘.ngo%'

| SR aacasscw»wwwwn mommsasmmaenbh

Aeceaswy ma,nez-als., magnetité, hematite, Wollastan:\tag c:hlomte;
and an gapihy material, | o s e

Relamenahups; The: homblende phenocrys'hs appear ’co be gwewing in
the ve’inp ami excludme; 'i;hev other mmeralsg Howev?r ,'{;hezte‘ is .scme
calm:ka in 'bhe hornblende,, ’oheru Looks. ag, 13‘ ::!; were being eqmverted o,
horn‘blendeo‘___il-“:_ IR L

. The, earthy ma*hemal mgh'b ‘be goma uneonselia,ateé!. irep and silieaa
. that 38 in the progess of %%%%-ﬁe@f@%ﬁ%ﬂ. .8 ?-191:@%@%&%@  Bgveral, .
plages Wis earthy materisl seems fo be erdwing inm & hormblendg like
Formy with a vin of ,,t;mnge;zﬁ;.aijﬁg pyound thidy; and around the Zoisite.

i8 g xim of ealt\c:ii‘«eo ) P

- The ordering marhle élues 0ot app@ar o, ha,ve been shoveéi aez;a.ﬁep bv“h
ra:i;her to haye. been mcorpopated Within, thé- encroaemng solm‘.inns, and,

converted. to.zolslle, and yollastonite, .,




(©9); o
Fupther out info the mavble ¥here sre mumrods Fissures, sll of which |
 bave iron stains slong: them..  Wgax: the fissures sre Fan shapet arcis,
where the individual galeite grains ave outlined by the earthy material.
Within these fang the. geloite 16 much £iner graingd than elseiteres
| Historyy -The geneval seguence of events ig ss followss. Fireh
_ . fissuring. of the marble,. then the entrange of solutions -ffmm.fﬁh@, Hagnse

. Thege golubions ponverted the galeite 4o zolsite and wollasionlte.

. . Whether the earthy- maberial represen'i;s the: opigingl. mm“.er;.a,l out of

. Ahieh the hovnblende wag Pormedy-or vhether it.is due to the weathering,
one would expeet a goneentration ,qi? hemaﬁz'tesrouna,the harn’biende, and
s vagnesiie, hovever, 1ot qoncentzation is evidenty g0 1t-4, .
a%smmeﬁ ,:tyatiﬁ this materisl ig the 's@rgg o:i:"cha z}of‘;;]qlenégi o
. ﬁéﬁtﬁm"ﬁlﬂiﬁéﬁf: I R T R T Y
Rogk 'E&ypg: :’galgiﬁ}?;ﬁg’O&Bu]ﬁ?l be~h0rnb ende skarnq S
’,E'are?szxm;;ipfbipm;ﬂ/ ';Mﬂ,ién nuneral.aﬁ ;qalqv},‘fqeﬁ@ﬁ#,";é:;_;,;‘_ },:,,e.,.,. W, mw»«-l@@%
| | e 308

PR

1., ., Brossularitpenseasnknsins

‘_4.:1,‘, F

‘ horn‘blena@w-m bt ;.“mmwnﬁ%
, Lo

'

: f;plaglﬁmsg‘”””“_h v "7‘ LT LLA "'"m ;quf - le% B i’ }

‘ A ‘-a%ﬁssorvvwn&w&’wmmwww-wwuw-ﬁ-wwﬁ%
Accessoxy mmerals" &;oysme, ma«gne%me, hemaulte;, ehlori’ce, aome
of which ig penmm:he,, apa't;imea serici’teg wd B :fine gra.:med eamhy
material. , B T
izeletwnehm ‘» o.;'}: of ﬂm :':ogk ig. cwm@osea 03? calclta‘ ami grofss;
uterite. Uhe gmssulamte ig zoned and has #ericite ab the Lores,

The hornblende seemed to be growing rather then weathering, as there

\-




(90}
48 & halo of Fine greined eamhy mtermal arouna the hovnblende, and

. &% a wmiforn di:$~3;ance Wy The bc,:m_adarieg of the hopublende pyeé Paiply

#havp, 4nd heven't been attacked by chiorite of gerieité. The only
inclugions 4n the horrblende sré spatite, and & Very small amount of
ealem‘te;» o _

‘The éio;pmée Secns to be unstable aind has ‘braken downe Burrounding.
the dwpsiﬂe: is & thzhckt-mas off grosgul,ari%a and domé :Emﬁe; gm:m@@
ear‘ﬁh‘y meterial, Al agsociated with the Giopside are magne’m'teg
nemabite, epabite, snd ehlorite. -

The ‘plagioclase i in the form of phenoerysts, and hag sewigite at
the coreg and ‘st the. pims, There 48 "sé_sjema'é‘a;ici*agz included in the
plagicelasg. -The plagioplase is zoned, and in somg. cases ghoe ogeilles
atiory zonings | ' | o

Higtory: Since this material 1s so ¢logé fo the eye; there ave -
© pany overlepping metemoephie facied j@?esenﬁy -meé,e'-.%ien&. o Gonfuse
the igsue and mpke it extremély difficult %o reconstruet the bistory.

‘Probably quite eurly in the process ‘&iépﬁiéé“‘@;@:@e&ﬂﬁéy Followed
by plagioclage. It geenms that the ;giiagi'oc’,l._ééé, 48 latery sinde nong of
it 16 includéd in the pyvoxens rElies.. |

The oseillatory Zoning of the plagiotlsse might be due %o fvesh
waves of megmatic ‘éelu§ian§ flowing past ﬁh‘er 'ialds:gaf;g. ond eansing it
o cryatalla.ze in the geme ovder aé beforg. The hoz;nﬁien&e' s ;mo%
“bably g;n:be :g.a*be in the s«:hemeg émce i% a,ppea,rs o bé g;c’mng with

the “éxélusmn of everybhing else.

The magpetite geens “bo e of 5 seconfidry oviging smée 1% oéeurs onl y ‘
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Angonjunetion ;ﬁ"i‘&l}“bh@'.r’;p:;fi'@ziene-aﬁ‘ﬁigsgi R N
* She, chlorits and *&t_.ez‘ic;i'ﬁfe rvéprésent the dast minérals. -
Seetdon FLTAIMGYL .« « . ¢ .. s oo ta oar, o Tea e
Rogk types 'anﬂgésiﬁe':gbrph;&fz‘ys R T N N A RO
,‘aesgx*igaicm Mein mmera‘f sz plagieclase', Ansg,%@m-wmm«awmm%
| P 'h(}x?n'blémaéwhémmﬁ##*wﬁmwudw-r»w*-mwﬂm-"ﬁ@% .
~. G Cot ,ma;gnemtés@.wssmmmw,ﬁﬁwsﬁ&,«agﬁﬁm@%
by {"» Do Celoer aceessmrymunm«mmhwmwwmnm@m‘j%
Aeeassc:ry minex*alaa ca}.elte, apatitey auglite, chlorite, aerl.e:.%,ep
c.lwinec ey mc‘ienmfmatim of the olivine: 18 only tenﬂa*bi‘ve; B Ahe
crystal wag so smsily *thaﬁ no ‘figuve weg poseibles - °
| Relotionshipss , Whe. colette i in ‘polls #ud inclustons within the . .
plagioctsge;: snd doesn¥h sée:n to be due to ground water. |
e Pyroxeie 1% in fraguents; gnd: sesny to have broken dowh o
hornblende, and wagretites © ¢ 4 . e L
- he plogtoeiage contatng. nmimﬁ'ﬁ:ﬁcwaicmg notably dateite and
apatite, and some magnetite, « There is mach gericite sbiacking ‘the
Zeldspar mednly af. the bovders, &m o Pisgures dn the mingrel. - o
The: hornblénde dig foirly laves, some of the phénoerysts ave 1, et
longs {he inclusions in:the hopdblente sre: apatite. and iﬁ@@iﬂ%iﬁﬂ;&e
Along the borders of “bhie hovnblende sevicite wed shlorite have: atlotked,
giving & ‘corroded appeayance to: the bordedd. i » 1 .
. Histopys Ahg appesrsnce of the minerals m 4his rock Segns Lo follow
Bowen' s -wga;ci;;}:aﬁ geries. That-is the oliving, &nd pyrogene appeared first,

folloved by hormblendes: and, the Yather sodie plagioelases The chlorite
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end séridite :are probably deuterie stage minérals.
Sections | ILIALHTY o
Boek Types cie-gramitler galeitle narble,
Deseripmon« ' Phig ﬁactmn hag - assmall su,l mming ‘hhrongh i‘bo

Medn m:memls" mlcm*haqumww,: o 450”‘ :

‘Q an‘YZ@lﬁlteﬂbwu Lyeraey mmpwaap»qugg'%

-M“gﬂb};ﬁl‘;@epwaw Ty YT ae,-?bs.e-mwl@%

magnet:.tawwu.:_;t s oo e mimens .?‘57’9

‘ , 'mcessorymw“;u...m.,;uw;;;w;;qﬁ%.

N ._:-.Adges§q¥y~3ai§1§r§;s; -SEPi nitea, yennimte, wauastonme, &mpsiéeg
. ?&Zélé'ﬁimrshipé, ‘ihe aa:l e:ri:e :Ls fmner grame& w.t'bhin 't.he vrgm, -izba,n

-on *i,.hga b@rdexso A:t_ong ‘,,he bo,caers “the wmarble bas heen: fmgmen’ce% -and,
at ona point bhe vem has“bee‘n dsplaced, as Fhough the vam wgre in

8 -«;iny mul'bo Maeh of i.he ealclte mthm -the vem has been al’cerea to

elmno—za:’tai'he, ané! o a mch .'Lesser eagtem; to wollastonmeﬂ The Wcallaaw-

tonite lS main.,_y eoneentra.ﬁed on cne s;&e of, "che ve:.n a:nd. 1& éwectly

an*l;hecomzae%a - S o

Parallelmg 'i;he ve:m za:mi dmsplace& g, s" 1ght cizstanca in*&o -bhe mar‘ble,
iz a e@ncen‘arahmn of ms,gne'bitea This magnetite is pxegem;.@s, swall
’”'glo‘ba“’ oy fra@;memzsc N ’ ' _ | ' ) A .

Where magnetwe apnears in 'i:.he vein 1t s a$seeimed mth :gymxem
reliego TP o

&:he hornblende has :melumonﬁ af a;pati'té» amﬂ. in some eases# calg:,i:éo

’l‘he hornblenﬁe seemea te be growing, ané ex.eluﬂmg ‘ahe clmcwzozsite?
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and mos% of the saleite. o ‘

Ontside the vein pre tiny figsures Filled with mignétite and péricite.
Bordering thesé Pistures the calelte 18 mich finey grained than slseyhere.

migtorys e firsh minerals to appear wére pyroxene mnd olivine.
Following these eame ‘the hopnblende, soms of whieh viais Bojuied by the
alteration of the pyrokens snd oliving. |

The vaghetite bordering the vein seems o be due o a ot o chemieal
fronte ‘The caleite included in the vein geemsy to have besn forn off |
the bca'z*&eim’ing; walls, end wag included. im Ehe vein miteriat, Song of
this caleite was convérted to o clino;%QESiﬁép' and. yollagtonite,

Thé bhlo;vite'r and gericite were the lsst minersls %o sppsare.

Sections ITIALHGY

Rock Types -Andesite posphyeys -

Degeriptions Main minerelss- ‘aia';gi’oeistsé;-An7éﬁbgé-~;w;waﬁ=*55% :
’hornblenaew—-w«mwwmwwmao%(

mgﬂeﬁlﬁeﬂ'ﬂ%wﬁqmnmqn-ﬁquwumuumpnil@%

acaessor,, P s -',-~;_ 5%

Aééesﬂbiézf ninerslss augite fragignts, apatlis; ealeiteg zeexmimi:
an& él%mtﬂ& .

Relationshipss Tne hopnblende hag wany inelusiond, msinly apstite
and magnebite. The grain bounéaﬁies' are sharp and show ‘1,:‘-.3‘;*:.‘1@?- gign
of gtching. In a few cases Yhere is some. plagiloclage ineluded in the
hovabléndey Tut the hornblends geems to have ried to egped it 4o the
 grain bowndarles. '

fhe plagicelase alfo has pumerous inelbsions, meinly éaleits, and




(G
%}_)&’i}i’;ea : Guite often: the ylagioélza:ée heg gérieite el the cores.
 The magnetite. occurs ab yendon dn bhe rocky with the. only: noticable: - .
coneenhrmmns, b pyro:;éne PELECH. DA o e G
| History, Thie ig-o Lypieal. ie;ﬁecms rnck, and the mineral szequeaaee
|'seems to bg that.of-the Bowen sewdesey o .. . » ..o
- .The high anorthite content, oi‘ the plagloclase might mm;giy be: ’cha

IR AMAN

\ _:cesult of earl; «Crystaliization,. bv-b %heacaleiﬁie inglusions seem %o
point& %mﬁ‘a@ﬂ asslmilatmn 88 su éxplanabion, & - ¢ o g
" ~Th¢~prasence of-»semcw@- ab the: eores ofl the plagiosldge, simply-
) maieaﬁ:ea ‘that the coves teog moré susce;pi;ibla 0 eorposion.. 1,
' The hemabite swirounding. the, ma,gnemt% oo to be the regult
vaa*‘ohémngo
Sgetions III&QH’N U
Ro{;}gﬁi‘;pp@., ea}.mte»gmssuzﬂmmw ho:mbl@n&e szimnu

Descripbions Main mineralss ca:!.c::.te e mm 3*5%

ﬁ& ﬂOwEO&Sl%quspmwpndmuahvuﬁpﬁggﬁ

hg’gﬂbleg@es;.:.h ERE—— ..5%

it e grossularifeseecksbebsrnamess]0f

P el ]
Accessory minﬁraiaﬁ. - ghlorite, thomsonite,. penninite,: digpaide, L
magnetite; wollastenites. o : ‘, R B T DU TR AR
- Relabionships. The hopnblende: seens o be. jagsed and. breken,, bul
alnee the. fragm nts are all sligned, the hovnblende: must héve been: »
 growing rather: than being altherzeﬁo

1. Hee, Boweny No Zey (1088). .
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In gontact with some of the hérnéién&e is diopside, thab seems 4o
be in the progess of being converted to hopnbiendes Surzounding the
-+ ‘hormblende and dicpside is & halp of earthy meterials : fhig balo

- keeps & tniforn digtance from the hojnblende; bub 1§ intimately astos

| U eiafed, with. the: diopside. | 'This halo; Inisome.gpses: Seems to be gompoged .

of very '?ir.l@ug‘uzaine@:.ie&iﬁaﬁg@iﬁi’qéﬁ <The. Heynblends seems to. have been
. gowing to the exdlysion of all the other winerals, as svidenged by |
the concentration of Vhem aiong thé bordérs, and the lack of many
- inglusions in the hornblends, |

' he mogt notigshble doneentrations of grodgularite apma,ramane; Hhe
froguents of horuhlends. e

*the m&m’wﬁea@@eﬁ’m Slmost exelusively with the f-mgfﬁiefnfiza;: of

h@mb’iend%‘ | ‘ : ; , - L
| e clmoa%oz.site god - cﬁ.lcmte Topem the B@:@,l&a ef ’éhm '?z iny mma E’hé
caleite i much fmer grained wirahm ‘the, véin, than that Mx'é?.emng
the veinv_ ‘}3}1& glmo-zm »:.'Le Bppears a,t a'a,naom Thyoughout. '&h@a ging
and geems 4o be the regult of an _.ngﬁ;jbexatioxx of the galeife. .

'rhe wollagtonite ﬁp@é&@:ﬂ;\iﬁv,’gam&m@ﬂﬁﬁm widh. the hornblende. and

anounts.

grogsularite, and seems to be dus o the éfiﬁe::atiﬁn of small.
of calioite. e
Teomsonite @ppears in a few is::is,ted. :goéia jaionig oné pontacts ‘ané‘; ig
agmoeited with eeleite, ciinoszoidite, and gfmsul&mtea. ~ ’
Whera pennind e m :prégen% i :rs waindy in aengum;tion m{:h the
hovriblende. \

PR T s
LA w0

History: Uh¢ sequepce of gvents is g follows: . .




- (98)
Mhé mavble s breéeciated; and fissures wire opened within it
Tpto these fissuves magmatid solubiong moved, and torve somg of the
taleite ayay from the Walls., This cafeite was convertdd 4o wellagtonite,
| clinoe=gotsite, and gvoﬁssui;a@i‘ﬁé‘_e Frobably the diopside formed b i‘ah,é..
game time a8 the ;ahove‘;' mineals. The c‘mopsme altered and produced
o -:aicme of ‘the hovnblends, and mith of 'themagneute The Dinal stase
“wad the profiuction of penninits, and thomSonite,
Beetions IffCLY o
Rodc Types Andesite porphyry
 Deseriptions Mai’ri minergyles yiagioélaéey.M\ngébggn;u;#;w‘lﬁ%
homn'blendamn-nmumwm-ummwgg% ‘
magneﬁltewmawomnw-wumamw-ﬁwuwunmnS% .

PR

acdesdory« e

Aecegsory mmera:t.sz seric::.i;e, chlomtég Jiemgbite,. apafbﬁ:é, calcn.’ses
and. & very gmall amount of elmmzmsa.tea
Be_lamon%ﬂmpas: Ghe horrblende tiag mcluswna of apa'm‘i:e, galeibe,

and piagioélasm mhe caleité deems o have veseted with the homblend,e

s %here az-e many ghery fregnents of the hownblende projeeting into
the ealeite. “The boundariés of the hownblends bave been g¢behed by the
chiovite. -
The inelugions within the 'pz;gg‘ﬁéélé;se: are; caléiye, hornblends,
and, Some mognetite. The eal..ci*b% Rzéx?ir often gppears o be the eore eround

which the feldépar hag erowne

e megnetite ocours mainly around Pyroxéne relits, and is quite
beavily westhered. The hematite formg & halo ayound the graing of |

magnekite. | P o

121176
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The galeite not only appesrs ad éomefﬂ} within the plagioclase but
also in large irregular bodies that ook J.:L’lse vrassini lated limé’s%ne;

Higtorys The history of the mlnerals im thiz rock Heems o be guite
gtraigh'tﬁammd‘, in that it follows theé veachion peries. OF paptlenlar

'imsanesﬁ ig the high ancvrthite gonbent of the plagioelasés Thig seems
to be due to assimilation. , '

The chlorite and gericite were the last mizjlez'ais %o Form From the. -
- mmgwne The hemstite was formed by weathering. '

Sections 8ill wefevence e
 Rock Types : Quertz diorite . . HULE e T .“.f".
. Deseriptiong, Main minerslss. lagmclaseg AngaAb;;_awwwwm‘?e%

hcrﬁble.ade . : -y*nu-wb’uwﬂgﬁ .

h [ ’.'Wﬁ@ﬂl‘?@ &égyx‘lﬁg”"”""* ux" 5%

' T I 'ﬁlﬁax"ﬁz-w“““w e e aseren; “75%
Agcessory mineralss chlorides, pyroxene, ¢ileite, 'ﬁi’bani'b%;) apatim,
Relationshipss. '.Thé,pl@gmclasg ig:zoned. and conﬁams ealcz:ise wind.
| in. gome ':caSes hornblends as inclusions, - The plagioclage hos bsen ¢ |

) a,%ackea by pevieite mainly At the gores. - n., i X

. The, ealeiie present seens to, be fue, m gn - imluswe 'aemcm by The
magma,, Since \.hgre is no ¢videnge thet the-galeite ip dug Ho,ground,
- water.: The galelie. seems. bo oeupy ‘a@g"m‘cﬁrﬁé‘iﬂsgﬁﬁ ‘belween fhe. apeins
of ‘Pplegloglage. .. . . Cr |

© The hornblende ig. cor:coa.q;a, bt vetaing mmaeh Qf -3 shaz;en

ihe inélmsions within $he horpblende avg plagioclase, mza,gnem'he,

sind spatite.. .




| | o (e8)

| History: Thé genersl Sequénce Seens to b ‘that of the resetbion

series. The last minerals sppearing were Sericite, and ¢hlovite,
fbile this lagt slide Palle &8 8 yeference for the §ill rock in
general, it oes tend %o ghow What. the appeerance énd composifion of
*Ehe.éili would be if the pill vock Were not & porphyrys o
OUICROP 11Ty BECTION D

» i’:!a’be I is o photagraph of oubercp II, aee’bmns c Bnd Do Figure
.26 38 an overlay of this photograph showing the trace of the bellding
" plengs around this éyss No ehemical analyels ‘¢ould be :én.{a.&e, of thig
eféy sinee no :s,am_éies. ¢onild be cbtained. from 1% ‘The principle diffis
culty was the Yavge overhang ot the top of the :aliﬂ'fi?gwhich,maae;. it |
alnost impossible to gét 'im‘:o "me ByEe :ﬁrb night. b& posEIbLE f{:ﬁ work
ones Way from oukcrop III: ;. shmm :Ln the 1@% hand sidef of the pleﬁ:e,
by hanging cm-.c the ¢1ii':€‘, and, more am 1ess Siringing oneSeJi' fen-tc: fhe
éye. . Thé only dmfﬁ;.eulty with thig i fqha’a. ko one #lips one will fall
aysy from the elmi‘f & di $tance c.c somg 809 “i:hua, préseu-aiﬂg & gprcblem
ia ge'b%mg batk to -'c.he eLifE, and fron thereg Hagk 'LQ the grounda Ay
this eye ig 3000 high, epprogimately 10000 of ¥ope would ba needed
1% ong were o0 sk the appardtus ghoyn in fagure 2y %o semple this \éya«;"'




Figure 26. An Overlay Of Plate 1V.
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DERIVATION OF FORMUIA
FOR
CA-LQUIATIFIG THE AMOUNT OF LIMESTONE ASSIMINATED
Let: D m density
P»®Cax 102
L = thickness of sill.
dL €an infinitesimal increment of length.
Ma e mass of calcium in colum.
Then: Ma =InPdL
In order to evaluate the above integral, one must have the functional
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, 1.e.,
Pi+l - Pi

P PI+-———- (L-L1)
h.+! - 11

)

Similarly:



: T b
. ) s D l'v'B P P ‘ R

0 a0 o 0 0 o o : R T ot

Integration of the general tevm gives the weight of .ealdivm in the -
4 AR 2 > e it g 5 e ":“! ” dihee, T - il . A fe WL 4 .
¢olumn ’?l e 1# Sross aeet¢@zg;.,19¢m~¢,¢n, Iy and Ty 4 ‘1;,, Yy (1, By ay
. ub uumnwde 1’5 : ;a ! lgmua%mm ﬁ;l (I‘i mI‘i)

v

. ("‘*““’"’f’"‘“ )(( 1'*1””-“-)( B .1, n..,:t:z-ﬁf’i . 1&)- E’,waezfa}( i ..,,,_.n:‘fﬁ
2 Iri+1¥a:. Ia&lwﬁi 7 LIRS /) I&-&—l“iﬂ

! (Daga-D)( Praa=Py) ( Ll+1~hi~* )
(Ll+z~zu)2 | 3
m‘aluatmn of each te:a.'m in My m factnlita,ted by moving the omgin

to &y eath -bmegg ifhus, Ly -‘ii_xi_lg' :t?i, P 430 335_;, Di+l becoms Fespéetively
0, Tn, Pos. Plg Eoy and. 331 e.nd the maﬁﬁ Q:i? e@ltzmm in the wolwinn bémen

cwo Sample loeamvns il glven Bys Lol

iy = Dy +ffoete) B b (WO) :ﬂ il
(Blﬂ’ﬁe)( Pl"‘l?o) {%n :




o
| Sample. Noo | L (oL :}éénéji’:t;y- ﬁeng”ah in

TATH- OF 20318 8,65 5,08
TATHSIOV a0l _ 864 25k
TALHSIAV , 0181 - .78 . 610
TALH=12V 031 2.65 81,0
TATH-1HY .0kl 2,76 B:b
TATH=17Y 0431, 235 99,0
mlHHl&F ) : 06372 297!* : ;Lllfea i
TALH-IOV 09258 2@»57 189.5
TATH-Z0V +052% 2.92 133.,3,_

Mg A B ¢ B

mw®M§wN\

i Lhey e | =003 #21 o005

2o 2,032 2.264 +060 _ =282 00099
3:6 s 377‘ T 028 - ,f)lé 6 377 - 911
4y 0.381 oSQ@ o010 <009 2002

5. 1.329 - 198k «Q008 - oOkE 00001,

6o . 1.800 1&15 =003 - «.012 0003
To 19375 . ln55@ . 590_:%‘ . *0237 aﬂlﬁ
8@ 09563 . ¢252‘ . 0172 A 0128 o 901;1

Total calcium in dolvmn equaly 10,456 gu. The amount chieiim using _

the lovest valve Squals 6.60 gu. The emotint. assinilated eqaly. 3.78
gite The volume of Limedtone asainilated equals 8,54 per cent of the
total volume of the BI1L.

Outerop T, Section A; 2 horizbﬁtal -

Total ealeivm in dolunn e@za,is 5.970 gma Maes of ealcium .e.n eolumn
ealeulate& :{‘v’om the lcw value equals 1,800 gme The gmount asmmila‘tea
equals 4,08 gme o lmcg% oF the total volung. '

Gukerop I, Secbmcn.ﬁg 1 horlﬂcnﬁal S

Total mass of calelum 40 -Golumn gquale 13&?81. = Mass galeula%ed ‘

from Jow value €guels 13.890 gn.. Amount of caleiun assimilated ;qu&lﬁ
3.891 em. or 1.32 pér eent of the fotel volume of ¢he $113.-
‘Quterop I, Scetion B, 1 hoviZontsl
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waa,, wafs of eakcium in gw&umn 10.615 gm.  Mass caléium, galeulated
;_mm Loy velve eguals J0.200 gms Ammm!: of ealeimn 288imiIeted gquals
Qoi%if-‘i eme ox 0.258 per ceéfé, of ‘the total Vcalm of thé 313.1,.
Owhérop 11, Bedbion €, :i. hoyizonfek - '

Totad mss of ealemm m the eolmm raq;uaﬂ.s 5,040. gt Moss of éaleium
" ealeulated, from the dow value eguals 50280 gho Amount of Galeivm
assimileted equals 0.660 gu. or if eonverted o Limestone rﬁpieéianta
one perr cent; of the total volums of the_cofunin,

Gu’bcrop 1T, Seabimz B, ¥ homzental

%%al mﬁs of cam:mn in bhe ;;oiumn 96,04 &t Masg of ariginal
calemm emals 89&6 gno  The smownt ‘of pelelum ass:umzlateci egpals
6,98 gme o if converted to limestone represents 0.66 per cent of the
$otal volume of the eclvmi. o

Outérop 1T, Seebion D, & hopizontal ' ‘ _

Wotal wass of daleium in “the ‘colmn gguals 50. 26&« g - The MARS

of The origingk calicium equnls U815 gm. The wass of ea,lemn asmmil;a'};é&

equals B.2h0 ene o If converted o Timestons representa 0.36 pev vent
of the 'hotal volome of “’thé eolummn,

Quterep IXT, Seebion &; L horigental

Total, =¢a“1éim in eolunm equils 20T gu. . The masy of the origindl
eolelun eqisls B.006 gne The amount of caloium assimilated 18 egual .
o 0401 gme or pepresents 1.80 per cént of the botal voluns of the

»

Golumns
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Galouletion of Amount of B;gace Gained by Compagtiony
Z?J.ash.e Flow, and. @ougmg

ﬁms :,;aléulatwn el c&.rmd ﬁu‘tz o5, auwrogg :m, seetion Aa : Thws
outc:rcp :cs raughly elllp’smal in Sha:ge be:mg 3‘?‘ inehes mﬁe &b the
mid-poin-x; and’ tapering %0 :‘4 mches wide at: *i:he ends, The leng%h ct:E*
th.s eye :u%e 15 feet 6 mcheso The mlss,ing ‘be@s are appromma%ely 2
mches wide by 15 feet 6 inghes 1ongo The amonnt of volums due o
as‘;simlatmn vas foma, o be 1:.8@ pe:z' eem'b,

By appr@ximatmg i,he shape of ‘fuhe eye with Four mgh-h tmanglea ané
then, fmd:’mg the area, of thege *ﬁ:manglas, the m-l,af;, .ama of che eye
-was caleulated, i‘ms ares was i‘auné ‘&9 be 2880 sauare mches,., ”he .
area, of the miss:tng beﬂs wag ealeulaﬂ:aa to be 372 square incheso o
Asaumlng Hhat the Bres. 48 repreﬁenﬁa Give, of the. vc:t.uma; 't:he aunoun’y

removea By asmmlatlon was b2 Bouare inches.: Thus, 320 Bguare inghes

were z’emo*srec‘l. }ay compadz‘swn, plaghic Tlows Bl geugwg. fhis re:@re.aents‘

11 per aent of the tobel volume of the giil.
Unselve& ?&’r’ ‘wems and. Suggestiong Loy Fovther Werk

An aaeum'&e answez- coneeming the awount of, spat‘:e achxeveé{ by the
va:eious me;‘:hanie'al praeesse‘sf shiould %fe obtaineds Th:.s wgould be
accompl: ghed, q_ai*te eoEily by g strittural gaolog.ust, vut no o easz.ly
by a chemist. _

& beltber eatindte of “the amount of égleiun ags: la%ea, woula: be
desivable. To determing how'much of the. Qbser%re,d; geadient o atbribute
to fragctional @#Wtallﬁ;z%i@n and 1ot o ﬁS.ﬁimiiﬁﬁiQﬂjl ong slzﬁuid. atu&&

the: ystem anorthitemtiopsidesalbite, ag presented by Bowen. I the -
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initial celeium concentration of the uneonteminated nisgs, dould be
ﬁaﬁm@&, & gtudy. of the sbove phage disgvem would very Likely give
one the eomposition of the wnconteminsted plagioclsse feldspsrs.
This knowledge, coupled: with chemic@ van'alars;e;s;g shoyld give a faiviy
agcurate eatimste. | |
A study should be made of the silly in contaet with the gneiss,.
in order to cbderve the doirt of “ealeiumy magnesig, end $‘pééiﬂi¢t
gravity gradient present, Also,, ana.lyses oi' 511ls in eontast *;uth
» uh& Jefferson doism:.t:e ghould ba ¢ax-ried outy, o detemne if & magneesmm
gradlent ginilér to the ealeimn gz'adlen'bs in the J.mes'&ena, ig. ;presenm
Complets chémical analyses of several swites of sertples ~s'a.adst§tﬂ~
in this work would be Useful in stablighing ehemical and mineral
relationghips, | |
To exploin & speeific gra‘im,y of 2.8 o a,bwe in 'thfa Timestond,
iron and §ilica. anaJ.ySes of this limestone shoul& be wade. This misht
glso indicate tha:‘o replaceneyt oFf the calei‘be: by dron an& sillca heaping
solubiony wag of gﬁea:ber ilmportance them Yae tonclyded in this works
A study might be mode Goncerning the emplatement of #illg in .shg;leao
Aside from the ghales V‘béing‘ ;;'s,wuém,zmy wedk, Somé chemidai affinity
migh's ekish between theé shales ané.‘ the mogma which might heélp %o :e@iain
the mize end.prévelencs of sille in shale bodies. |
i :E'ur'i;hex' work ig done upon these Sillﬁ stad:,edg, the duthoy feela
that @artmular attention should he paid to ou’ccron 11, section B,

Singe thig dves yielded mich veluabile zmi'omaﬁwne
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