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§.s;ope and contents of this thesij1
. . 

A short · story of nicromotric analyses of 
rocks ; the use ot the point counter to determine 
the effect of oricnto.tion on tho bulk com sition 
or met r phie rocks, the variations and limitations 
of t he mothod with compe.rison of calculnted analyse• 
from the modes \Tith e.n or ·' nary ch · oa1 analysis. 
The discrepancies lie 'W thin the range of experimental 
error• A quantitative interpretation by the use ot 
stat i stics is offered. 

i 



TAB F CONTENTS 

LIST OF TADLES•••••••••• ••••••••••••••••••••••••••••••••••••••• iv 

LIST OF IILUS.u ' TIO ·················-························ 

AC • · OWLEDGEt'iE!fTS•••••••• • •·• • , • •• • ••••••••••••• , • .............. • • vii 


HISTORY OF PERIMENTAL 0 1 
···················~···········~··· 

Area - Vol e Relationship, ••••••••••••••••••• ,...... 6 

! N'l.J\ODUCTION••••••• ,............................................ S 


Location 

&mpling 

.ethod of Cutting Sar.:iplea 


LABOF.ATORY WORK••••••••••••••••••••••·•••••••••••••••••• · •••••• 10 

Petrography•••••••••••••••••••••••••••••••••••••••••• 10 

Sillime.nite Garnet Gneiss 
Pseudo-Andalusite Schist 

V.ethod of Inte ation•••• , ••••• • • •• 11 ••. •. • •••••••• ,.. 11 

Sillimanite Ga.rent Gneiss 
Pseud~Anda.lusite Schist 

Limitations of the Micrometric Ana:cyaie ••••••••••• ~.. 12 

Holeo in the Slid• 
neral Identifi tion 

Grain Size 

Remll.ts ·or iicrol!l.0tric Anal7ses .,. .. .............. •• • • •• l3 


Variation in a Single Thin-Section 
Varie.tion in Oriented Sections from One 

&.Il'l-Specimen 
Variation in Different. Ham•Specimens 
Orientation 
Efi'ect of Varying the Point Count. 
Operntar Varia.noe 

ii 

http:Remll.ts


•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

CALCULATIOlS 0 GRAtID AVl!RAG!S FR 1 MICllOME'IBIC ANALYSFS •• .- •••••• 22 


Sillilllanite Ge.met Gneiss 

Pseudo-Ando.J.ustie Schist 


Sillinan:t. Garnet Gneiss 

Pseudo-An&::J.usite Schist 

Sill1manite in Quartz 


The Method 


C llCAL COMPOSITION............... ~ ................................ 28 


Introduetion•••••••••••••••••••••••••••••••··~··•••••••• 28 


in Caloulation to Chemical COQIX>siti-on. • • • • • .. • • • • 28 


GTit ical Ex'ar.linat ion of Reaults. •••••••••••••••••••••••• 30 


STATIS'.i'ICAL A LYSIS • ..... • • • ~ , • .... _. •• • ..... ................ • •• • • •• •.. • .36 


Introduction.................... ....................·••• • • • • • 36 


An.eJ.19is of Val'iance.. • • • • • • • • • • • •.• • • • • • • • • • • • • • • • • • ... • • 36 


Varionc nalysis of fu.scovite••~···••••••••••••••••••• 38 


Variance A: Jysis of Sillitla.nite•••••••••••••••••••••••• 42 


co ·c Cl{S •• • ••••••••••••••••••••••••••••··••••••••••••••••••••• 49 


APPENDIX I •••• • ••• •.,.• ••• •.•.• ••• ••••••• ••• •.••.• •••• ••••• • •• •·•••. 51 


APPF.:N'D'IX II •.•., ..... • • • • •••• "•••••• • • ............. • .......... • •••••• • • 52 


APPEN'DIX II!••• ,. ••• .•••••••• • ••••••• ., ••• .•••• ·•........ • • • • • • • • • • • • • • 53 


DIBLIO:GR..A...l'.HY'•• • • •• • • • ••• • • , • • • •• • ••••• .•.•••••• • • • • ••••••• ~ •••• , ... • • 54 


PIA'.1 at back 


. . . 

iii 



LIST 0.F TABU'B 


Table Page 

l . Le.belling Sehex:e fQr 129•••••••••••••••••••••••••••••••••••• 9 

2.. Labelling Scheme f or L49..................... ............... 9 

3. Thin-Section Area of I.29••·••••••·•••••••••••••••.'•••••••••• 11 

4. Thin-Section Area of L49•••••••••••••••••••••••••••••••••••• 12 

S. des of Replicate Analyses on One-Hand• Specimon of t.29..... 18 

6 . V1;1riations in Single Thin• Sect1one••.•••• •••... •• • • • • • • • • •• •• 19 

7A Variation in od s Of Throe Hand•Specimene (129) ............ 20 

7B Variation in ·:odes of Section Ana:cyzed and to 
pa.ralleli .••• • • "........ , •••••••••••••• • • • • •.• • • • • • • • • • • • • • • 20 

SA Variation in Point Count•••••••••••••••••••••••••••••••••••• 21 

SB Operator Variance••••• •••• • ., •••••••••••••••••••••• • •• ••.•••. 21 

9. 1.v e Modes of~-··••••••••••••••••••••••••••••••••••••• 24 

10. Average lLodes or Three Hand-Specimens....................... 25 


11. Qtage 1odes or L49•••••••••••••••••••••••••••••••••••••••• 26 

12. Average· V.i0des cf L49 Grouped Accor ding to Orientation....... 27 


13. Berths• Mineral Analyses•••••••••••••••••••••••••••••••••••• 29 

14. Specific Gravities of Some ·tlnerals in 129 and L49. • ••• •.. •• 30 

15. Ce.loulated Co1positiona ot I.29•••••••••••••••••••••••••••••• 34 

16. Percentage of Sillitlanite in Quartz••••••••••••••••••••••••• 33 

17. Calculated Compositi<>llfJ of L49...................... ,....... 35 


18. mscovite Values • • •• • •••••• , • • • ••••••••••• • • ••••• • • • • •• •. •. • .38 

19. Sums of A1 Bt and C of ·?uscovite•••••••••••••••••••••••••••• JS 

20. Vari.Mee Anal.ya.is of covit••••••••••••••••••••••••••••••• 40 

21. Sillimanite Values••••••••••••••••••••••••••••••••••••••••••• 42 

22. Stm1$ of A, B, and C of Sil limenite•• ••• ••• ••. • • • ••. ••• • •·•• •• 42 

i v 

http:Anal.ya.is


Ta bl Page 

23 . Variance Annlyei of S1lli1:1anite..................... . ..... 43 


24. Bioti Values••••••••••••••••• ,........................ .. . 44 


25 . S of A, B, nnd G of Biot ite••••••• n... .. ... ... . . .. . . ... . 44 


26. Variance Analysi s of Biotite•••••••••••••••••••••••·• · ••••• 4S 

27. "' tz Values ••••••••••••••••••• .•• ••••••••••••••••••••·••••• 46 


28 . Sums of B, and C of' 
1 ts••••••••••••••••••·~•·•••••••• 46 

29. Variance Analysi s of ·uartz•• • •• • •••• •• •• • • ••• ,. • •••••• •••. 47 


v 



LIST OF ILLUSTF4 'l'IOUS 

Plat 

Sill to ggrogate in 129••••••••••••••••••••••• •• •••• •• ••• •• I 

Sil nite • Huscovito · egates •••••••• • •• •• • ••• ••• • ••••••• •• II 

G Porphyrobl st in 129•••• • •••• •• ... . . .......... ... ... .. .. ••• III 

Sta olite Porp yroblast in Sillil::lanito - L49••••••• •••••••••••• IV 

vi 



ACK.NO 

The ta1tar vishea to exprees bill thanks to 

Dr . D•• Shav who gave vo.luable suggestions and 

materie.l aid in the prepi.r tion of tbie thesi s . 

Dr . J .D. Danlder, De tment of th tics, Hamilton 

College was kind enough to ive advi ce and. assistance 

in the stati tics used in. this i:a • Appreciation 

is lso extended to J. • J . Hansuld for tographing 

the writ ers • thin sections . 

v"i 



HIS'l'OlU OF EXPER!MEN!' 'WORK 

Sine the ys of Sorby '!ilhen thin• sections vere first used, qual:· 

itative microscopic methods have stea. ly developed. But quanti t i ve 

m thods have found little f vour amonP petrog:rathers pro bly due to the 

imcCUJl'aey of result s, the tedious p:rocossos, and th t in invol'Vt)d.. All 

thoso mothods involve the measur ent of area$ either directly or by 

u ghing dissected rock patterns, or ot int roepts of t he certain 

erals along cer-tain selected lines . 

The th-st a.tt pt of :Del.ease (1848) were purely ~oscopic. Thiei 

method involved the tracing of mineral grs.ino on polished and oiled 

rock slab. The in o tlin s wer e aeteristi lly tint i n order 

t hat the variou mineral ccies could bo si~ distinguiuhed. T:intoil 

vas sted to tho tranepa.rent sheet and subsequently Qv.t up along grain 

boundaries . The fra ents- vere then ouped a.cecwding to colours, th 

po.per wa eel a y and the tinfoil weighed. To quote C. E. Thom on (19.30); 

"D lease vas the f irst to enunciate the principal. that the 
vol umetric might be r t to areal proportions provtded 
enough area a included in the det · m.ina.til.ons to take 
care o£ the third dinenflion~ . 

A great contribution to quant itat ive petl'ogrnplly was turni h · by A. 


Roai l-Jal (1898) . This is the simple:Jt and one of the most a ccurate gco et• 


r i c methods of rock analyse~ . As stated by F.c. Lincoln and H. L. Rietz 


(1913) : 


nTho Roeiwal method consi ts of measuring the intercepted 
lengths of grains along a line or series of lines and 
calculating percentag by volume by di .dlllg the total 
dis e measured into the sum of the intercepts for e 
component" . 

The cover gla s or t he tbi section is rul 'Wit h thin l in end 

meaeurementa along th se linee are made with an eyepiece micro rter. 

- 1 ­



Further detail may be obtained by referring to the excellent vork of F . E. 

Lincoln · d H.L. Rietz (ob. cdt. 1913). 

The acour....cy of the Rosi ethod is cct~ oportional to the 

length of traver se aurod - vereely propo.rtio l to tb.e grain iee 

of the ;rock. To ob in measur ont ccura.te to 1 per cent, the total 

length of traverse st be at 1 st 100 tines t he gr in size. 

Not all petro aphers tr.reed "1ith the accuracy of Rosi 1s thod . 

The f und.a! nta.1 <£:ii.Se of Rosiwal that linear sur ents are directly 

proportion l to the volumes or the nerals mca · ed. wa.e cballen(fed by 

Juli n (1903), (f'ron Lincoln mid Rietz, 1913) and . illi (190;). 

Julien 

fr gment • 

Willi a ured grains directly by moons o£ eyepiece r~orom.eter 

cross-ruled into small squares. Sq es whieh 'Within th bollnda.ri es 

of each particle vere counted, and fro the c.easu:r ent& obtained the 

rel.ative vol: e of tho various min als wore COl!JPU ll te• s 

th t: 

0 Any one of the d oct oosur ents uith the microscope 
does not ap to ful.fill even pprom 1y t nee ss 
conditions for t 1 tei ant of conplet q tita.tive eom­

eition of gneous rock uoh as a anite" . 

A • Jo1halruu1on d E •• Stephenson (1919) :ended Ro iwal' s ethod s t­

iaf'o.etorily. They analyzed carefully tho d tonU..nations, carried out by 

1.lli o.nd tound his methods to be unjust in their ppli tion. 

ter in the yea:r Johannsen {1919) blished a paper in tM.ch 

sch G fol' quantit t i ve sur t of thin•s et ion by planinot i 

ts and is shown t o outlined. This ethod is sed on surface measur 

proportional. to the volume in cny unii"o · , no bend rock. 

The Rosi\.Jal . t od ts or1gil'.lE.llly set forth ui red a day for 
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analysis of one thin-section~ I t wae t hus a t ime-i-eonsund.ng process i-equir­

ing a . eat amount of patience. The line et od of Rosiwal baa been 

simplifi ed by the introduction of a recording Ct"ometer for the automatic 

int egrat i on of the measure ents . Each PUcces.;i"Ve viee h e ..a certain 

favourable f'eo:t ures to co end it over th earlier ones . 

The first recording m.icrooeter was devised by' Shand (1916) employi ng 

the Rosiwal principle. This mechani c 1 stage not only 

ments but also perf orms the addition of t}! • Tho method ea S1lre8 linear 

eatination of percentage volumes a.nd peroentag.ei ntercepts from: vhich 

weights are obt ained. Sha.nd {op. ci t . PP• 399) states t hats 

''In th · case of a rock with " al l eltt structure it ia necessary, 
and in oost cases desirable to take easuremants bot h along and 

eros.s t he section"·• 

One inportllnt def'ect of t he S cro eter i s t i t aan be used to 

neasure only two constituent s at a t e . 

In ordEr to eliminate the separ te 'bl'averse f<rr each mineral, Went• 

worth (1923) const ructed device which permits the meaeure ent ot aa 

mo.ny as five minerals at one t • The Wentwortll"'type counter hae the 

advant age i n that only one hand is used in i ts operat i on and the other is 

left free. 

The most r ecent meohanical aid to the Rosi wal method of rock lysi e 

1s a · croscope s tage designed by Doll (1937) • Thie instrument perm!ts 

the measurement of six di.ff rent miner eonstituents a t one time . I t is 

so eons cted s to permit the st to rots.t through 360°. 

C.E. on (19.30) has attacked the problms of accuracy of sure-

ments f rom r e a etice.l s tcndpoint . His exper ents have s wn that 

the linear · · th of Rosiwal 1e r~und and s i ly o pe.blc of &t.1 ~~~a.cy 

within l or 2 percent f or each constituent and t areal ethod$ ere 

http:time-i-eonsund.ng


slightly less accurate . Thee.le three methods inel.ud the areal, lln 11 

and lantern ethod. These are nothing new but removed from th confines 

of the microscope s ge and fied. 

A foro of i ntegr ting s g requiring counting by ea estimation 

or by diameters we t out by Thack'W'ell {193.3} . Relative areas of 

th various cl.nerals are determined by direot aroo eat1ma.t1.on by grain 

count usin a travel ling s g and a nei...rulad eyepiece. 

An electri c co t er to.s on the Shand micromcte:v i described by 

c.s. H lbut (1939). The electric counter differs· from all the pt•evioue 

d ·eas for micrometric measur ante in t t the recording unit is entitely 

separate fro the microscope stage. 

A new 00.sis for t hin-section anall'19i B was introduced by Glagolev 

(1934, in Cbayes 1949} . In Glagolev•e procedure the regular spacing be­

tveen travE'lt"Sea 1 retained, but ~· traverse 1tseli' is oken into 

series of 1y e eed points . '.l'h operat or identities th terial 

under th croes• hair ixl'bersoction and depres es an appropriat of a 

tabulating d ce, ther eby tri ering a echanism which tran•lat the 

stage a fixnd dis ee along the line of tr vcae. The s ple is thus a 

bilaterally syrmnetrieal id of points . 

F. C (1949) adapted a stan d &uach and Lomb neoha.n:tcel. stage 

for point counting. A detailed description my be had fro . Chayes original 

paper (op . cit . 1949) . 'l1le precision of t he instrument is so ewhat better 

t han that of the Ventworth- llunt and Burr t in ators. The average 

operating ~ is about four times that of the Ventvorlh• Hunt and twic 

that of the Hurlbut chine. 

The point eounter used by the writer is a ch and Lotlb adaptation 

http:eat1ma.t1.on
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> 

and i& quite similar in principle to t he counter employed by Chay: .• 

The Clay--A tabulator was fitted with five i3'S which vill record 

only five consti tuents. Althoogh this y be convenient for roe of 

:Ji!Jlple mineralogy it is hardly dequate for tabulating tamorphie rocks 

vith as maiw leven and twlve reeo zable mineral epeci s. In the 

Fesent work s t:iany- as six additional tniner s were tallied separately. 

r The t -section anal is consisted of a s ee of parallel traverses 

. 2; · • apart across the face of the section in the course ot vhich the 

frequences or po nt& underlain . the mineral.a of diff e.i-ent epeeios a:re 

epecies. the distance between points is .03 • 



... 6 ­

M;ea....Vol · c Relationship 

All mechanical stages are ei.tdl in th t they give an estimate of 

the area of a thin-section. It is fundrunental in the practice et inte­

. a.ting methods that this area be an unbias estimate or the volume of 

the rock. Thi& problem. has plagued geol ogists for a century. 

Both Deleeae and Rooiwal used s imple calculus but bellev · only homo­

geneoue rooks were ~uitable for anelysis . Howet'eX' 1 it must be r ered 

that no mineral can be equally d0veloped in 11 directions. 

Deless~ outlined oof by ealeulus (l ) that the s ot the areas 

of the eoaµ:ment.s in plane surface o.f rock a.re oporticnal to t 

volumes of the components in the rock.. Rosiwl extended the form of the 

Both D les"' and RosiYal worked on oriented rocks . D lease lieved th t 

sections normal to th plane of foliation would be more accurate and used 

a cylindrical- red model to sh&W the :proportionality of area to volume. 

The earlier "10,flkers thought mor-e of single moasurement.s rather than averages . 

Our main interest however; i s in the relative volume of th rock oecupied 

by grains of each species . Che.yes in a r ecent i;:aper (1954) observes that& 

" variation in aize, shape, or or ientation introduce 
BJ19' bias into the fundamental relationship connecting 
ar a.:rid vollll'le; and the va:y to iraprove the prcc1 ion of 
an unbia.aed est is to e and the oomple on which it 
i ba.sed11 • 

Niggl1 (1954) in his dis s ion on ain size 1n coherent and non­

oherent rocks considers a ra.ndolll secti on through a homo neous grega.te 

ot equal-sized spheres in contact vith one another. (p. 2.2.3 t Fig. 98). 

ections through the centre of the sphere 11 ve a t:t"\le picture of the 

diameters while others lead. to smaller circles. Any average grain d1 

eter would be ~ller than th tru valu 1 

http:grega.te
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"In practice, the a.i are, of course, of d ffe:rent. sizes 
and shapetJ, d, if the t$xture is ec 1 planes of 
c · ta.in onentat ions zna.y not be considered "rando " sections" . 
(N eg1i • 224) . 

the in•ebape of the tio1e . 

S :it h and Gut (1953) · ve shovn from study of geometric prob­

abil ties that t- e average m.1t1 of intercepts per unit length of a. random 

line drawn through a threeo•tt1nensiono.l structure is exactly half of the 

true r atio of surf ace to vol e. They concludes 

"It is not possible to derive the volume of the average cell 
from our ·ents in io-d eneional sections exeept on the 
a-3 .. tion of constant sbnpe and size. Formul e der ved 
for identical spheres ere tabulated and be of some use"• 

F. Ch!cy'es (1953) belie es that the ss e tro area to olume has 


othing to do with the roe type or the size shape of the grains. 


he fun ental formula relating are to volume, viz . , 

b 

v .J (h) d h, 

a 

where V is the ol e, d were A, taken porpendicul to an axis al.on 

which h is sured, is t he area. Qlld is expresned a functi on of b. 

t It follows t t if tho di t nces of "a" (or h) fr the plane 
of the thin•sect on e equally likely, the oportion of the 
area of any sect on occupi ed by the grain is an unbiased 
est "t.e of ts relative volume, for the of an infinite 
m.mber of ch inf"initely thin areas would be its vol , · e" . 



I ITRODUCTION 

to · tion 

The Littleton fo tion is one of the ore important str ti phic 

units in Nev Hanpshire. These rock e intruded by at least four marma 

seri s, the most &xtensi ve being the 11verian, t he Nev pshiro (Middle 

or Up Devonian), nd the tfuite lountain ( {;i.ssissip:)ia.n). The discovery 

of fo1:.>sils de.finitely est blishes the ago of the Littleton forootion 

Lower Devonian. 

Sppl.W 

The four Sru!lples c e f'l.rG the White V.10untaina. Ori ent ed ham• 

specimens of sillima.nite garnet gneis~ and pseudo-andalusite schist were 

taken for sectioning.. Represe tive chip samples were also collected for 

che.."lical ;yses. These high• a.de rocks reveal evidences of etr .ss in 

the form of scbiatosity and Jjn t ion• 

•ethod of Cutt1.ng and Ie-bellipg the .SalllRles 

The specimens eollected wer e eecti onod in planes par llel to the 

chistosity and perpendicul to the scbistosity. One of the planes normal 

the schlstosity inelu es a lineation. 

Nine s ections rere out from three b.o.nd-specblens of the sill imanite 

net gnei ss (129); thr oe parallel to the schiatoe1ty, three normal to 

sc s t osity and any linear features in the rock; and three no l to the 

~chistosity but inoluding lineation. 

Nine sections wero also taken from one hsJXl.• spec en or the pseudO• 

andalusite schist (L49}; two $ections including the s isto$i'ty1 'Wt> 

e ct.ions normal to any paralleli , and tvo secti ons per pen.diculsr to the 

- s ... 


http:Cutt1.ng


- 9 ­

plane of schistosity but ~nt.e.ining lineation. Three sections v . also 

cut at oblique angles to any pol'>siblc structural features 'Within the hand­

specinen. 

Table l 

L29 


d .. S;peci}non 1 

A
1 

- J.. to scbistoaity 
includ lin tion 

B1 • I ( to plane of sehistoeity 

Table 2 
t.49 

- ..L t.c chiatosity and A lito ~ Ri obliA1 2including lin tion 

B1 • ll to plane of sehistosity B2 ll to B1 
R

2 
obli e 

c1 • .L to A and B C2 II to o1 R~ oblique1 1 ..; 



PetroRl"aphy 	 ." 

The Littleton series of roeks display a considerable r ng in mineral 

composition bee se of the · f erences in the &des of metamorphi and 

in original composition. The rooks analysed by- the writ belong to e. 

bigh• gr de zon of me orphi . • 

Sillimanite gqrnet gneiss (L29) 

This rock i s ey, tine to 

osity d poesible llneation. It consists of coviteJ sillime.nite, quartz 

and biotite. cces...ories include garnet, ilzlenite, magnetite, c rite, 

tourmaline and pl oclase . 

Muscovite flakes are well developed with their longer mo parallel 

to the lineation. Slendar oillimani te needles are int grow with th 
It 

nuscovite and oceur as inclusions in uartz. It also oceura in as vid 

a.s 	15 mm. and lar~or pri tic section • 

tz ehovs undulose extinction and is elong te allel to lineation. 

In a fine oundmass of quartz, sill1men1te, and covite, th · tz is 

·ff cult to distinguish from. untwinned plagioclase. 

The Diot1te has a preferred orientation 'Which contribut es to the 

schi stosity end llnea.t on of tho rock. In places it alters to pile green 

cblorite. 

Porphyrobl ste of rnet averagin 1. 5 mm in diru:teter ar . pa.le pink 

and rel.a vely tree of inclusion~ . 

Pseydo-an.9a).µsite SehiB t (L49) 

This rock s dark grey, l!ledi grained, and consist essentiall.7 of 

int erlocking grains of quartz, biotite, scovitt;J, gillin'.enite, clld st ur• 

olite with an xenoble.stic structure . Aeveaaories include magnetite, ilmemte 

.. lO ­
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garnet, plagioela e, apatite, dilorite, and tourr!laline. 

Quartz is present as f c grains w. th a granular texture surrounding 

garnet po:r · oble.sts and often carry! needles of sillimnni te. 

Garent, staurolite, sco •te por pbyroblaeta exhibit a J;X>ikiloblas~ 
S"'tor u c. t vce 

tic. Staurolite Cyr tals have ximum clinensions of 10 . •by J • ndn 

fractures in the crystals are filled with quartz . 

'l»ethod of Integration 

Sillitlanite garnet gneiss (!29) 

Six microtr versos 'l.J'ore run on ch of the nine socti oll8 tr the 

eilliman te garnet gneiss. A oxima.tely 20CO poin..,s were tallied tor each 

analysis. .. The se.me section va.s then rotated 180° t h reference tQ the 

eohanic Q stage and another ane.lyais of about 2000 ms completed. The 

r sults n:re given i n Table 5. 

The ar of the rook section in each slide is as tollQ\18; 

T ble 3 . 

19 	mm. x 8 ~ 14 . xsmm•. 15 • x 5 non.l 	 - • ~- AJ ­

- 16 • x 10 mm. Ba • 7 mm. x 6 B3 ... 15 m . x 12 mm.B1 


c1 - 22 • x 16 • 02 - l a . x 7 mm. c3 - 22 • x 9 m.. 


tuo replica ere de for ea.ch of the remaining six slldeo. 

Peeudo•andal site Schist 

From one - specimen nine thin• sectio were cut as oxplainod on 

page 12. A _ndix II is list of the results. 

The area of tho roek sample in each slide is given belows 
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Table 4 

'-1 25 m. x 32 mm. A2 14 ' . x 8 mm. Rl 13 .• x 13 mm. 

B1 32 tml• x 19 m. B2 11 • x 8 mm. R2 1.3 • x l.3 • 

cl 13 • x 16 mm. c".')
;.;. 

19 mm. x 19 • R3 19 • x 10 mm. 

The large 'V11.1!1ation between parallol sections cut . 0.3 mm. apart may 

be seen tron A1 and "2 or Appendix II . Each section vao- analysed Moe. 

Limitatiol'l$ or the l cro etric Analysis 

Uoles fR. the Slide 

When e croas• hair intarsections fall upon small openings in th slide 

theao were left uncounted.. Hollever, if the hol are large d 

another thin-section must be used . Ir nly a small percentage or grains 

a.pr.;e 1n section an addition or subtraction of one or two grains of 

say garnet, will ve an e. oci ble effect upon the results. The tearing 

out of grains in the gr .,_ . of the thin• seetion ie still nore s ous1 

because it lcada to under-est tion of the harder min ale. At times it 

ie possible to estime.te fro the shape of the holes the char ctar- of the 

grains thus Jost nd to allov for them nccordingly. 

l:±tneral Identification 

This ia probably one of the larger sources of error in eronetr c 

analyses . It c e s not taken bas l • seotions of ouscovite ·th low inter­

f erenco colours may be readily mist en for qUOrtz, es cial.ly if the op 

·to i,_, uorldng at high peed. Untwinned pla. oclaee ii!! present in th 

be :bundant . Only tvinned plagioelase 

ua.s tallied at§ such; the reoainder assumed to be quartz ainee the indice 

ere ne rly equal., 

http:estime.te
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Silliraanite is t he most difficult mineral to est :ate sinee it occurs 

i quartz, in seovite, .., independent slender prisms, and in black almost 

o que aggregates . lib.en.ever the crosa•ludr intersection encountered a 

de£i te sillil:l$.nite need1e it was tallied. 

Partial alternation products s ch as sericitization of the plagiocl se 

e esti.mted as original plagiocle.se. Miere the altered masses could be 

definitely identified as a particular mineral spoeiets such as oonds ot 

chlorite in biotite it wae totalled as such . 

Grain Size 

Errors: in the measurement of a ingle thin-section increase th 

deerea.se in the size of the grains. On the other hand, an increase in 

grain size lilllits the number of ·ns counted. Garnet and Staurolite por-

P oblasts :tn the sillimanite garnet gneiss um the pseud&-andaluaite Schiflt 

ere te a diffarent probl • A possible solution to th1s problem. would be 

the use 0£ ex-id on a flat, polished rock specimen. 

Results of Micrometric ~es 

Vari bllity i a familia:r ide in the science or geology. Every- rock 

and every minor 1 is little -different fro ~ other, even though the 

two occur side by siae end were formed at the l!l3me time nd the same 

processes . 

All mecbanic(l]. stages ax-e similar in that they give an estimate of' the 

ea of a thin-section. It la f'Undamental to the pr etice of integrating 


ethods that this area be an tmbiased estiI!late of the volume ot the rock. 


qriBtion in Ope Section 


It is apparent fron the examinat on of Table 5 that the results of 

ix replicate analyses on a given lide are in fairly close correspondence. 

The proportions of minerals such as biotite, gernet, and teurmallne \lbi.ch 

r e not easily nisidentified in thin-section do not deviate very greatly 

http:deerea.se
http:plagiocle.se
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·rQ the •. Hovevei·, muscovite v. iat on is caused by contusion w.ith 

illimenite in s ll ·ns . 

In mei•ked contrast to the hove r eulta are the discrepanci between 

·~he figures for tho tw halves o.f one section. For eJCnmple rnble 6 givea 

.1.he results of stteh an analysis . The greates.t 'VBZ'iat1on is seen in the 

uusco te and garnet percentages. The only garnet porpbyr'Ol>last lies in 

upper halt of the thin-section . 

Another etr ng example is in the paeudo-andalusite schist shovn in 

able 6 (L49A:J.)• The staurollte varies ae much as 10.9 per cent ot the 

t otal in the tvo halvee w • 1 · g3l'net , the other mineral i'orlldr.g porphyro• 

blasts differs as much as 5.2 par cent of the total . 

Theoe discrepancies in e. eingle thin• section hB. e · en noted by Larsen 

Md Mill«r {19.35) 1n enodiorite e.nd gab o from th San Luis Rey ad• 

r ngle, California. The plagioclo.ae ~rers as much ae S. 4 per cent of the 

total in the upper and lower hel.Tee of a gra.nodiorite, and the pyroxene as 

much as 21.9 per cent or the total for g b o, even although these rocks 

ppear to be te uniform. 

te.rsen and lier believe that the traverses ahould be transirerse to 

end .fluidal ingorln structure vhioh the roe mq contain. In 

iable 6 {IA9C1) which is nornaJ. to the scbistos1ty and the lin tion there 

is very little discrepmcy in the result in contr t with th ~es in 

plo.nes parallel to the- sch1sto i t y and inoluding lin · tion . 

(1950) ..ays; 

" e nover analyse more than a very small ,..t of e rock and in 
Yb.at sense y ve sup1 se that the material used in a single 
o.nalyais represents the rock? The taria.1 analysed is part 
of the rock and to this extent represents it. The amount of 

given r o 1 is finite with a fixed compo itioh~ The avar"age 
ot .,,. t 10 dete:n:dnations should give a better re.,ult thafi 
either single resu+t ". 

http:plagioclo.ae
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A single thin• seetion has a definite composition but t here 'Will no 

doubt be m s in any est te of it as ·y be seen from any of the 

ables . 

This illlportant probl of hov well a e • lo thin- section represents 

t o parent outcrop or h .. specimen is even more strild.ng in netmoorphic 

rocw than in the more homogeneous igneous r ocks . 

nriation :in Oriented Sectiopp fro e Hand.- Speei;nen 

1'he next source of var ation to be considered is that betveen thin• 

sections cut fro the same l r.d• spec en . Grain-siz , experimental error, 

and orientation result in the largest di screpancies . Differences might 

reflect eomoositional gradients in the hand• specimen. Even if 11 the 

sources of V"'~iation wore evaluated for a single hand• speeimen there would 

st 11 be no asour co that other hand- specinel.18 'fro the outcrop vere e 

il.m- . As soen fro , Table 5 and Table 6 there s no close correspondence or 

values froni. t he ee slides from a single nd .. speciJ:nen. 

Variation in Di f erent Hand• SJ?E!S? s 

Still · re er· ous in the proble of sampling sn.y consider ble body of 

rock is locol variations in the proport· ons of nerels, or even in the 

aeoembla e of miner ls present. In tho sillitlcnite arnet gneiss three 

hand• spocimena 1 ere selected at random and tho ~see show the vari tion 

that tdght be expected vithin band- spec ons . Com.pare the results i n 'l' ble 

The analyses in the nine oriented olides in three hand·speoimena are 

ouped to e:ive the e.vera. e compos"tion of ea.ch hand• speeimen. 

Oriento.tion 

The aillimanite garnet gneios is schistose and llneated while the 

pae do- and.alusite schist i s are s...ive and ~ser-grained. tineat ion is 

not pronounced but in a sect·on containing the line tion the DlllScovite and 

http:hand-specinel.18
http:strild.ng


- 16 ­

sil1 4:ma.nite (!).' ns e elongated i n s ingle directi on and quant nor..nal to 

t h s ect'_on. l oeo te and s 11 t e oc in bands 1.6 , • in width 

vbich cont· ~e across the length of t he secti on. 

E n \lhen the . •aeo •te and ailBmani te cents. es are eoont ed to• 

et her t e is a signific t ffor ence betueoo or ientation. 

In Table 7B are the result of ave sing n to l i ne t n . The 

results .· y co red to so m a t11PGil.dix I (129, 3), 'Which were run 

pu-allel t o llne.c tion on t he SGmO slide. There is a noti ceable difference 

in the uortz percenta eo . 

The ef ect of s isto i ty on the nodes i s p r ent from Table 5. :i.Ore 

will be about the effoct of orien t ion on the final result in a l at 

section. 

Effect of Varying the pint Cgun'tc 

fron ablo SA, increasing t he point count a:f'f ects the f i nal 

r esult . Analyses (1) and (2) are eontinoo.tions covering t he complete sl ide. 

In {3) the s ·de a .en rotated l SOo w1t h r espect to t he counter, and t here 

i a noti e . ble ncrease in the quartz cont ent . The number of points measured 

clirectly opc>"rtione.l to the area meaSill"ed on the f ce of the thin-section 

and t he larger t he ar the closer the corr spondence to the bulk compositi on 

of the r ock. I n nany of t aoo.lyses t he i nt count i s similar . Some of 

t sections m-e 11 in s cruses l ess 2000 points were tallied. 

OJ?£ra .r Vari ance 

Thero are, as d be ~ . cted, diff erences betveen observors and 1n 

so ins tances these differences are quite large. Opel's.tor bias i a a con­

s i stent and perao 1 cheracter·stie. To quote J .C. Gr iff ithe a.nd • • 

Ros ld (1954) • 
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"One t respect not only differences betveen dif'f erent 
operators but also nconsiatent di!f'erencea between dif'ferent 
opor tors at different t · es and even ·thin the same operator 
at different t· es" . 

Identifi cation of oi.nernls should theoreti eally be objecti~ but may­

becoae subjective after n of ana1)'1Jee 4 'l'he large varistiot'l is the 

cent es of siJHttan:·te and sco te analysed by diff erent l.lll.SkUled 

peratore am tlaY seen in Table BB. The traverse interval in enalyses 

in Table is O. 5 • and es.n be com ed th the results of one oper tor 

\Ii.th a trn se interv: of 0 .25 • in Table 5. Verin.tion in the results 

are d e to the varying s 11 of' the operators uncertain lllineral identif­

tion, and the n\:lllber of points tallied. 

Before an analysis is att(!Jlpted th t n-section hould be studied in 

d t 1 in order to class y agg;r ates and alt tion products . If biot.1.te 

s partly alter ed to chlorite sone operators esti te. the chlorit s 

bi tite othora nay attempt to se rate th . • It 

while tt pting an ...na~is the cla.ssifi c tion of aueh a gr in becomes 

su jecttve. The po sibillty of error s dentifi~tio can never be 

entirely excluded t be held to minim.um in this t 

http:minim.um
http:biot.1.te


TABLE 5 

Modes of Six Replicate Analyses on '1'1ree Orient ed Slides Fran One-Hand Specimens of L29 

Mineral '1_\ cl 

lKuscovite 39.52 39.79 44.59 44.14 44.33 41.84 29. 55 33.18 34.12 30.38 33.12 31.21 38.81 38.47 35.97 37.18 37.59 37.20 

Silli.Jllanite 19.32 19.84 15.99 17.87 18.0l 17.11 8.14 7.36 s.6s s.52 4.68 7.33 10.65 10.42 10.87 10.97 11.10 ll.18 

Biotite 15.57 14.92 14 .51 14.86 14.34 15.28 23.50 23.18 21.95 23.62 22.60 23.83 18.96 18.05 19.41 18.58 18.77 19.17 

Quartz 17.27 17.33 16.09 14.25 15.64 16.75 32.05 29.55 31.56 30.48 34.12 30.29 23.08 24.79 24.58 24.39 23.e5 24.88 

Garnet 5.29 5.40 5.33 6.04 5.48 5.48 3.23 3.64 3.54 3.43 2.6u J.33 4.98 5.32 5.21 ;.oo 5.03 4.59 

Opaques l.49 .96 l.49 l.21 .90 1.67 1.27 l.41 1.49 l.81 1.24 1.83 l • .39 1.16 1.58 1.20 l.27 l.lJ 

Chlorite .93 .96 l.33 .97 .90 1.04 1.36 .91 .93 .71 .96 1.29 1.49 .95 1.69 l.11 1.81 1.29 

Touraal i.ne .51 .43 .31 I .42 .22 .52 .18 .09 .14 .19 .tJ.6 .29 .35 .63 .37 .39 .29 .o; 

Plagioclase .10 .37 .36 .24 .17 .Jl .73 .68 .59 .86 .52 .58 .JO .21 .32 . 19 .29 .;2 

Total 100,00 100.00 100.00 100.00 100.00 ioo.oo 100,0l lOo.oo ioo.oo 100.00 lOO.OO 99.98 lOO.Ol 100.00 100.00 100.00 100.00 100.0l 


Pointe 1946 1870 1951 1656 1771 1917 2200 2200 355S 2100 2500 2400 2010 1900 1896 2079 2046 1941 




TABLE 6 


Variationa in Single Thin-Sections 

Mineral .L29B3 L49A1 L29A1 L49Ai L49Bi L49C1 

Muscovite 21.50 18.60 5.15 9.25 39.79 35.01 5.15 9.25 6.84 4.29 27.38 28.90 

Silliman!t.e 3.35 3.41 25.50 10.85 19.84 12.10 25.50 10.85 14.59 22.55 6.oo 9.71 

Biotite 11.75 22.45 28.60 32.05 14.92 10.80 28.60 ,32.05 28.9.5 14.42 22.21 18.00 

Quartz 52.90 51..34 35.15 20.75 17.3.3 39.29 35.15 20.75 44•.38 ,38.04 .34.49 J2.14 

Garnet 5.20 .25 6.40 5.40 .25 6.40 1.39 . 4.3 

Staurolite J.40 14.25 3.40 14.25 2.92 15. 7.3 6.40 8.10 

Opaques l.50 l.09 l.15 3.90 .96 1.50 1.15 3.90 1.95 4.14 1.34 1.38 

Chlorite .85 .20 .35 2.25 .96 .48 .35 2.25 •.39 .06 .19 
To1irmaline 2.20 2.82 .05 .05 .4.3 .07 .05 .05 •0.3 .06 .05 
Apatite .15 .40 .25 .40 .25 .22 .Jl .43 
Plagl.oclase .60 .10 .37 .75 .14 .44 .37 .67 

Total 100.00 100.0l 100.00 100.00 100.00 100.00 100.00 100.00 100.03 100. 00 100.0l 100.00 
Points 2000 2022 2000 2000 1871 1471 2000 2000 3700 2053 3517 2100 
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TABLE 7 

; 

B 
A 

Variations in the Modes or a Single 
Variations in Modes of Three Hand-Specimens of 129 Section Analyzed and to Mineral 

AligJUllent or L29A3 

Mineral First Hand- Specimens Second Hand-Specimens Third Hand-Specimens Parallel Perpendicular 

ll :~ 



TABLE 8 
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A B 

l~ineral Variations in Point Count - L29C3 Five Unskilled Operators' Res ults on a Single Section of L29C1 

(1) (2) (3) ~ D E F G H ' 

'Muscovite 

Sill imani te 

45 .55 

7.03 

21.41 

4,95 

21.70 

4,25 
47 .59 46.50 53 . 61 52.20 52.10 

Biotite 25.27 15 .16 13.55 19. 94 18.20 16.18 13.80 17.20 

Qmrtz 18.33 56.72 59.00 23.81 27.80, 21.26 25 . 73 23.JO 

Garnet 5.35 5.30 5. 05 4.50 5.10 

Oraciues 2.58 1.15 .95 

ChJorite .05 
J .39 2.10 2.99 2.64 2 • .30 

Toi·r maline 

Plagioelase 

l.07 

.18 

.52 

.14 

.40 

.10 
!' 

Total 100.0l 100.0l l00.00 100.08 98.80 99 .09 98.87 93.00 

Points 1124 3484 2000 1159 1117 1039 1022 112'7 



4CAlC TIOliS OF GRANO A !.AGES FRO:f! ncnOMETRIC LYSl!S 

Sillimanite 9FM~ Gneiss 

Fro th first M.nd• epec a an mis calcul ted £or ch miner · 

from the eighteen replice.te analyses on Al' B1 and C (T bl.e 9}. S 

ilarily with the other two-band.. peoimens . The :ver e of these thre 

means gave the grand e.an X • {Table 10). F.ach thin•section is seen to 

be w ighted · ual.ly. The sch of averaging i s given below. 

- 22 ­

http:replice.te
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Pscud.o· Andalusite Sqh!st 

i hteen analyses were completed on the s · st and a and mean 

calQUJ.ated (Table 11). Table ll lso givee the indiv:tda.ul ans. 

Evon aJ. ough tbe nine sections are from the e hand- specimen it 

was decided to oup the results for eotlp8.rison. 

http:indiv:tda.ul


TA B L E 9 


=­ Average Mode 
ot 

6 Analysea 
I29Al 

Average Mode 
ot 

2 Analyses 
L29A . ""' 

2 

Average Mode 
ot 

2 Analyses 
l29A3 

Average Mode 
ot 

10 Analyses 
l29A 

Average Mode 
or 

6 Analyses 
L29Bi 

Average Mod• 
ot 

2 Analyses 
L29B2 

Average Mod• 
or 

2 Analyses 
l29B.3 

Average MOtie 
ot 

10 Anal7•9s 

VJ.neral 

~UllCovite 

IUlimanite 

Uotite 

~"·artz 

Gamet 

C1aques 

42.37 

18.02 

14.91 

16.22 

5.50 

1.29 

23.23 

ll.69 

27.18 

29.73 

3.36 

3.34 

12.05 

9.60 

16.7.3 

60.45 

1.08 

25.88 

13.10 

19.61 

.35 .47 

2.95 

1.90 

31.93 

6.95 

2.3.11 

31.34 

.3.30 

1.51 

32.50 

u..99 

24.02 

15.40 

6.86 

4.08 

~.05 

.3 •.38 

17.10 

52.12 

2.60 

1.30 

28.16 

8.44 

21.41 

.32.95 

4.25 

2 • .30 

Cl-lorite 1.02 1.:37 .so 1.0.3 1.30 .53 .95 

'lounnaline .40 .0.3 .08 .17 .18 .78 2.51 1.16 

Apatite .OJ .01 .08 .03 

f 1lagioclase .26 .10 .12 .66 .os .35 .36 

-
Total 99.99 100.00 100.02 100.0l 100.0l 100.01 100.02 100.01 



TABLE 10 


Average Mode 
or 

Six Analyses 
L29C1 

Average Mode 
or 

Two Analyses 
L29C2 

Average Mode 
or 

Two Analyses 
L29C3 

Average Mode 
of 

Ten Analyses
L29C 

Average Mode 
or 

First Hand-
Specimen 

AYerage Mode 
or 

Seccnd Hand-
Specimen 

Average Mode 
ot 

'lhl.rd Hand-
Specimen 

Hade or 129, 
Grand Aver­
age 

i 

:nneral 

:ruscovite .37.54 30.32 21.55 29.80 37.28 28.68 17.89 27.95 

SHlimanite 10.87 17.70 4.60 11.06 11.95 14.79 5.86 10.86 

F.l.otite 18.99 23.65, 14.35 19.00 19.00 24.95 16.06 20.01 

<;,uartz 24.26 22.48 57.86 34.87 23,94 22.54 56.81 34.43 

Garnet 5.02 2.97 2.66 4.61 4.40 .87 3.29 

Opaques 1.29 1.93 1.05 1.42 1.36 3.12 1.14 1.87 

Chlorite 1.39 .74 .03 .72 1.15 1.14 .19 .8.3 

Tounnallne .35 .17 .46 .33 .31 •.3.3 1.02 .55 

Ai;atite .04 .01 

Plagioclase •.31 .06 .12 .16 .41 .08 .16 .22 

Total 100.02 100.02 100.04 100.02 100.01 100.0.3 100.04 100.02 



TABLE 11 

Aver~ge Mode Aver age Mode Average Mode Average Mode Aver age Mode Average Mode Aver age Mode Aver age Mode Average Mode 
ot ot ot Qf ot ot ot ot ot 

Two Analyees Two Analyses Two Analyses Two Analyses Two Analyses Two Analyses Two Analyses Two Analyses . 'lwo Analyses 
L49A1 L49A2 L491i L49~ L49C1 L49C2 L49R1 L49R2 L49R3 

Mineral 

Quartz 27.9.5 40.28 41.21 7.96 33.32 38.23 18.2.3 )3.8.5 45.03 

Muscovite 7.20 3~0.3 ;.57 4J+.14 28.14 8 • .30 ).3.90 22.75 16.08 

Biotite 30.33 35.85 .. 21.69 31.78 20.11 38.75 25.45 29.89 26.08 

staurolite 8.83 4.00 9.33 ;.24 1.25 3.50 3.18 4.10 1.95 

Silliman!te 

Garnet 

18.18 

3.33 

14.94 18.,58 9.57 7.86 

.91 

9,70 ;.65 

7.50 

8.10 9.00 

Opaques 

ChlDrite 

Tourmaline 

Apatite 

Plagioclase 

2.53 

1.30 

.o; 

.33 

1.54 

.03 

.03 

.1; 

.09 

3.05 

.20 

.02 

.ll 

.29 

1.05 

.24 

.04 

1.36 

.13 

.06 

.37 

.52 

1.08 

.1; 

,03 

.28 

2.40 

3.70 

i.o; 

.16 

.09 

.05 

1.63 

.os 

.05 

.15 

Total 100.03 99.99 100.0S 100.02 100.03 100 .02 100.0l 100.04 100.~ 
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TABLE 12 


Average Modee of L49 Grouped According to Orientation 


Mode of I..49 
Mineral A1BJ.C1 A2B2C2 R1R2R3 Grand Average .. 

• 

Quartz 34.16 28.82 32.37 Jl.78 

Moscovite lJ. 64 18.49 24.24 18.79 

Biotite 24.04 .35 .46 27 .14 28 .88 

Staurolite a.47 4.25 3.08 5.26 

Silli.manit e 14.81 11.42 7.58 11.29 

Gamet 1.41 -2 . 50 1.30 

Op ques 2.31 1.22 1.69 l.74 

Chlorite ,, 54 .14 1.29, .66 

Tourmaline .04 .OJ .05 .04 

Apatite .27 .14 .02 .14 
.., 

Plagioclase .27 .03 .07 . 12 

Total 100.02 100.00 100.03 100.00 
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C,I C L , ~OMFOSITION 

Introduction 

Studies of iation in composit on e u8UD.lly based on eh eal 

analyses. Fev petrogr phero ve placed ooch :eight on icromotric 

alyses . There are several advant . es of ·c:roscopie e op sed to ch 

ican ana~is. 

First of all, chemi 1 lyses of silicate ro s are expensive, 

Secondly, the t ime taken for a microscopic ~is is ch less than that 

taken for a complete chemical analysi s . A real advant e of 

analysi s is that it est tea directly the anounts of mincralo actually 

present . -3.. t he petro apher ei;i.lculates the chemical ana.J¥sis be.ck to 

the percentages of the various minerals present in the rock the ·1ers ar 

variable. 

Ho ovo:r, nierometric analysis connot complotely replace the chemist . 

Many rocks ot be handled adequately by present techniques . Fine- ained 

volcanic rocks cannot be analysed vitb any :c. u 1 stage . If the recka 

aro very c ae-grained fragment analysis r!JJ.Y hav to be ployed. Hicro,.. 

metri c e.naJ.3sis cannot ceura.tely estimate the aunt of H20 , P;EJ5, co2 and 

th rare &lanents within a rock. 

Errors in Calcula.tion to Chemical Composition 

nee the node of the rock is determined it is then necessary to deter-

e spec:i£ .ly the oompositi on or minoral. The exact eoq:iosition 

of the nars.ls is not al s eas 1y ascertained, unless, of' course1 t hey 

have been SeJm"a.tely analysed. In the e ee of sillimanite, to ne, 

apat ite, and staurollte; the theoreti 1 co1:2p0aition was assumed v.tth little 

risk of serious error, but far the mi s, cblorite, and g net (minerals of 

v· iable co11p0e tion) the safe t thod is to asume that they hav ap ·ox• 

.. 28 ­
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TABLE l3 

Che cal Analyses ot Minerals in High• Grade Rooks of Dutchess County, 
N. Y. ( . t h, 1936) 

Garnet Muscovite Biotite Chlorite 

Si~ .37.94 45 .,49 37. 39 24.7 

Ti02 1 .04 .s9 2 .48 1,7 

Al;P.3 22. 87 37. 51 20 .17 17.4 

Fe203 - • 2.os 5. 2 

FeO 32. 45 - 14.32 ... 

MgO l . S.3 . 20 9 .80 4.3~ 
~ ;33 . 0 ...l· 1. 77 • 

Cao 2. 04 . ;o . ;1 4. 4 

....r~a.;.° 1.72 .87 

KiO - e.86 S.56 ... 

I~O ... 4. 92 3. 03 9.3 

.. - ...P205 

Crz03 
... • .02 ... 

F - 1.67 

Total 99.94 100.09 99.93 100. 00 
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tely the cOIUpoeition or optically similar types l-Jhich have been analysed. 

Thus tbe r teratnre ms searched :f'or antllyses of simil iet· : of th 

highly ..rfuble l'dnorals . Suitab1e ana.lysn e given Barth (19.36} from 

rocks in Dutchess County, Uev Yark, and a.re tabllated in Table 13. 

The plegioclo.se content is very small and the theoretical. composition ot 

oliogoolasa is aosumod . od gioclase · y be present, squero.ding 

as quartz) • The next step in the cal.cul tion is to determine the specific 

avity of each of the main components.. A 10 • picnometer s used in 

these deten!dnat1ons . Two to three gr vity c1 terminations ver completed on 

eaeh of the minerals 'fable and the average taken. &.ch of the minoral 

fr otions uas ' shed in acetone to eneur "vetting" of the mineral.a. 

LE 14 

$P£Cific Gravities or Some t11n.eral in 129 nd L49 

L29 L49 

Diotite 3 .20 

.. Muscovite 2. 71 

Staurolite .. 

-From t volums pereen e$ or the ...
and ceans X and Y• and the 

speoifio ties of the individual components, the weight percentage of 

each ·neral was determned. 

The op:i e minerals in the rocks are etite and/or ilmenite. Resulte 

a:re ovaluo.ted on two nsSUlilptio~; firstly that there are equal percentagee 

of each in the rook, and secorncy that only magnetite ia present . 

Critical Examination of the ReJJults 

Variability of ehemica.l. results makes the geologist of uaini theae 

http:plegioclo.se
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results in the int p.retat on or eolog.i 1 data. very high degree of 

ae..."'lll'aey far ordinary rock ar mnaral t'll'lalys is very seldo attained. 

Resulta reported by tlrlrt i'mrr ch ts analy3ing th . ro 

(Sc..iil.E:eht nd Stevens, 19$1) hov · t vari billty · y be expected rro 

dif.f'er :t l.a.bor t rie • 

Bot the sill. ni eiss and the peeudo-FJ.!ldalustte schist 

ve be eh -t cnllj annlyzed in laboratories at the Univere ty of , • esota. 

E • laraen (Jr. (l9J8) bas presented t results of our chemical 

......"l""'lyses of an phibole. In co the results 8:102' '!'102, J.1203 

show Jiff erences eat as ~ . 5 per cent, FetJJ as uuch a$ l 8, FeO up to 

to 4.0 per cent of the ro • 

schist for 

example, t lues used for seetione R1..3 i~ results which ar in fairly' 

good corr espondence to the chettl.cal analysis . P'ovever, Si 02 vnries as 1!!.Uch 

as 2. 0 per cent, Ti02 up to . 58, and ALfJ up to . 07 per cent of the rock.
3 

The last is n ligible. 

Colllpl:'ing the v iation or the resulta diocussed by I.ersen on. 

phiboles e.naly,ed 1n four different laboratories v.ith the variation in 

the uritere calculated results, it is found lat the calculated r sult e 

eould vary well be vithin the r of e:xper:lm.ents.1 error incur.red in the 

Sillimn .te tWFnet gneiss 

In Table 15 ar given the calculated coigpositions for the gneiss. 

Analyses (1) and (2) dif'fer only in the Ti02, F920 and FeO values since
3 

in (2) the opa e mineral is taken aa I:laglletite a.lone. Anaqees (3) • 

(5) give an dea of the vm-iability a.mo hmld• specilllens. The most con~pic-

UO'W3 V 

hand- specimen, (5) is silica rich wich in J;Xlrt accounts for the extreme 
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variation from the ch cal analysis of the rock {6} . 

The T o,..,.., content is variable th respect to the chemical analysis due 
... 

to the ability thin the co plex l!lico.a, net, and chlorite. Anal­

ysie (2) is in good e ent th the Ti02 content ot the cb cal anal· 

Y' is . 

The Al2o3 content presents e. problem. On the hole it is higher in 

the ca.le ted result s . If untvinned plagioele.se was determined there 

voul b oven re al ·na to account for . One answer is the ibility 

that ono of the e.lyaes used in T bl 21 for the rJi s is too rlch in 

A1~3 • There is lso the ovar• esti tion of the sillimanite-muscovite 

r :tio. 

The excess of F o.nd Fe2o3 in the calculated results be due to 

the figure for b"otite d.ng too high. lso tho pi-esence 0£ sul,.phur in 

the chcm:!cal analysis indiootes the poswibility of ::rulphides as an cese• 

ory. This wuld lOWel' the percentage or gnet te and ilmenite the 

final FeO, Fe2o result .3 
In the oolcu ted results the and ?.: content is higher whieh 

could be due to any of the factors diseuo..,ed in the preceeding }'Sragi-aph • 

The avi e cnlculatod lime content (6) is quite close to the chemical 

nalysis. N8?._0 for the c lculated results is low d correspondingly the 

K2o is too high. Substitution of + for in the eas is quit co on 

ond it is surpr sing that the est tes arc es close as they are. The 

total l a.p + K2o content for the ohemie..,.l ena:lysis is .5. 1 per cent of t 

rock le that of the aver e calcul tod result (6) is .s cent of 

the rook. 
Bartha• analysis for the biotit contains 1.67 pe:r cent fl ine which 

introduces a. high figure far the fluorine content n the caleulatod com­

positio • 

http:plagioele.se
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Paeudo-Andal.Jlsite Schist 

The calculated cox:ipo :ttion (4) is on th W.ole cloee to the cheI!lical 

analysis. (Table 17) 

in t he gneiss the S.:02 percentages re low nd the Ti02 high. 

Due to the arnet porf.byroblas:ta mO is high especiall7 in (4) .. 

Also l ike t he gneiss ealculo.ted t~O is lov · · ile K2 · corr­

espondin,., high e to substitution. But the ?~ + K:2 ont t is 4 . 8 

per ce :t 0£ the rock 1n the lculated .-nd ch cal analyses . 

Sillima.nite in Q.unrtz 

In order 'to det the ou.~t of s_JJima.njte needles in quartz 

one opar tor alyzed three sections of the sil · nit garnet eneiaa -

The results are giv in T ble 16 . 

T LE 16 
I 
rcentage ot Sillic.o.n1te in rtz 

Mineral Bl Cl 

Sillim.nite 2.02 1 . 52 1.39 
in :uartz 

' tz 27.01 26.37 22.os 
Remainder 70.86 72. 22 76. 53 

:'otal 99.89 100.ll 100 .00 

Point s 1235 1639 1010 



T AB LE 15 

Calculated Canpositlons ot the Sillimanite Garnet Gneisa 

Opaque Calculated Opaque Cal culated First Hand- Second Hand- Third Hand- Chemical Analyses Avera~eas as Specimen Specimen Specimen Rocle Analysis Laboratory ot (2 (3 )Magneti t e Ilmenit e Magnetit e University ot Minnesota (4) (5 ) 
(1) (2) (.3) (4) (5) (Doris '.lhaemlitz) (6) (7) 

51°2 57.69 57.69 52.?2 49,75 71•.32 62.51 5?.69 

T102 1.67 .83 1.5.3 2.37 . 62 l.o6 1.39 

Ali 0.3 23.05 2.3.05 2?.1.3 26.56 15.0t. 18.91 22.95 

Fe2o.3 1.59 2.68 1 • .30 .2 • .37 1.78 .92 1.94 

FeO 5,98 5.72 6.12 7.89 J.67 6.08 5.88 

MgO 2 • .37 2 • .37 2 • .30 2.82 1.98 1.66 2.J7 

MnO .21 .21 .29 .28 .05 .10 .21 

CaO .JS • .38 .48 .4J .27 .33 .39 
Na2o .67 .67 .82 .69 .47 l .lJ • 66 
K2o 4.16 4.16 4.79 4.52 J.08 J.94 4,14 
H2 O 2.02 2,02 2.42 2.17 1.41 2.58 2.01 

H~ .12 

P~5 .01 .10 .01 
P02 .02 

B20J .J)6 .06 .OJ .OJ ,11 .o6 
F . J6 .J6 ,34 ,44 ,JO .J6 
s ,OJ 

Cr2oJ .01 • 01 
c 

.JJ 
BaO .07 

Total 100.21 100.20 100.27 100.27 100.ll 99,89 l00.07 
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T BL 17 


.., 
Ave 
c i 1°1 2 2°2 ·1~~ 

cal An­
On1­

vere1t ot 
inn ot 

Dori Th 
litz,anaJ.Jsi 

(l) (2) (J) (4) (S) 

S102 ,5.86 54.97 53 ,93 56.20 58.33 

T O 
12 

l.Jl i.74 1.59 l.68 1.17 

al20, 24.51 25.40 24.50 22.48 22.so 

•20, 1.16 1.86 l.47 l . 6J 2.09 

eO 6.61 7.,9 6. ' 6.35 5.84 

2.93 2 .)8 3.52 2.78 i.a7 

0 .13 .u .02 .26 .o6 

.QaQ .40 .40 .36 . 3 .2.s 
~o .;7 .44 . 62 .64 .98 

'.20 4.10 3.14 4.61 4.39 3.62 

H2o 2.12 1.84 2.19 2.24 2.44 

20 .1,; 

2°5 .19 .37 .19 .02 .1 

co
2 .02 

203 .49 .39 .59 .Ill. 
", .,J 



S TISTICAL ANALYSIS 

Introduction 

Statisticol an~sis is a specialized and powerful tool far certain 

ntitative investigations and being spcc.:1al1zed it is not appliabl 

un er all circumstances . 

During reQent ye s geologists have used stati stic 1 ethods inly 

s an °d :tn summarizing large n bets of obs tions in petrology and 

other fields . In addition, s tistice provide methods for ana'.cysis of 

date.; and quantitative interpretation of geoloeieal data are pos ible by 

the use of dern techniques of statistical annlysis. 

One of the nost applicable techniques in statisti cs iG analysis ot 

vario.nce . 

.nalyeis of Vari.a.nee 

The main object of v, trianee analysis is not t o describe a sample but 

to reach interertces a t the parent population from whieh the s p.le is 

drawn . The first step in _nve3tig tion is to define the cha:racteristic 

quallt y c:tr quailties to be sanpled. Any pirticular quc.llt y will be called 

a "populationn . .A hand• specilllen y represent a population f'ro?n. which the 

thin- sections a.re o t . 

The actual test of var anoes involve the aosumption that: 

"the ent var tion of each source be normally w 
"suf iciently nornally" distributed" . (Ch yes , 1950). 

l!ol'l'r'.al dictr bution is discussed by Dixon and Massey (19511 PP• . 

7- 6 ) • Briefly, the normal distribution is represented a.~ a fr uency ­

distr bution di~grao by a ,etric 1 bell• shaped curve . 

n0ne vay in "Which a. close ~ PProa.ch to the n.orna.l curve tJB.Y 
be ob ned is to c pile a large rmr.iber of "precision" 

ents" {Strehl.er, 1954) . 

- 36 ­
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The t st ep i s to defi ne some of the statist cal measureo used 

in t he analysi s. The aritbo&tic means of a set or obs tione is the 

quoti ent obtained vhen t he of the set or obser t i ons 1s di "ded by 

t he number of observations: 

~ ()(1) x 
u 

A statist ics t hat i ndi tee the extent to which the indiVidual read• 

i s fail to coinci de 'With the mean is t he standnrd dev:tation1 

{ ( )( - x }2(2} 
N 

wher e is the stand d deviation, X' 1.1hu 1thmetic mean, x t he read:ing; 

and N the total n ber of readings. 

As def' ned by Krumbei n and Miller (1953) residual vari tion is 

"the r dom and uncontrolled vari ance 'Within the population 
·. plus some other f actors in t he study which vere not included 

in the exper ental design" . 

Degrees of i'roodon is simply t he number of independent measurements, 

and is one lees t han the semple size . 

na.lyei s of variance requires that data be collected and ~zed 

according to speci fic models or desi gns i n order to observe the maximum 

info tion from the ethod. One problem is to recogni ze the a opri e.t 

ness of e model to the study. A lc:rge number of m thema.tical models have 

b doaignod by st a.t.iot i ciano. Dic:seussion of these, v.tth exam.plea, are 

given • Dixon and s sey (1951, chap. X) . The model used the writer 

is gi ven in the following bles and is based on t he method given in 

Snedecor (1946, P• 28.3 ) . Fiach of t he nine "calla" in the vari ance model. 

i n Table contains obsert7ntions from a. ticula.r thin•section. 

The .fol lov:lng var · nee analyses are for e sillimanite garnot 

gneiss; the pseu.do•andalusite schist is net included. 
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'l'ABLE 18 

Variance Analysis of lf.usoov.lte 

1uBcovite Values 

Band- Specimen Orientation 
A B c 

• l 
39 .78 

1 . 44.. 59 
' 44.14 

44~32 
41. 83 

22. 45 
2 . 24. 00 

~ 

l,3 . 00 
3. 11.10 

.30•.'.38 
34 ,12 . 
3.3. l2 
31.20 
29. 54 
:n.1e 

33. 53 
.31 .46 

21. 50 
18. 6o 

.38 .80 
,38 . 47 
35.97 
.'.37.•. lB 
.37 . 5$ 
37.19 

32. 24 
28. 40 

21. 41 
21. 70 

TABLE 19 


Sums of A, B, C of i:uscov.lte 


A B c T 

1 . 254.17 191. 54 225 .19 670. 90 

2. 46.45 64 .99 60.64 172 .0S 

3. 24. 10 40 .10 4.3 . ll 107.31 

T. .324 . 72 296. 63 .328 .94 950 .29 



The lfothcxi 

The various stops in the method ,.., ll be given f or the variance anal­

ysis of the eovite and only tho results of the r .amaining mnEn"als vill 

be presented. 

(1) c - 'l' • • 2 
30101.7028 

n 

2
(2) Total: "£1 - e == 2350.0193 

(3) 	 Subelassea: / &11~L. - C = 2284 ..6155 
z~ 

(4) Within subclasses : (2) 	 • (J) := 65 .4038 

(;) Orientations: T.A + 	 T.8 + T.0 • C = 61.6931 

10 

(6) Rook&: 'l'2+'1'2+T2 • C :: 17 . 7249 1 2 3 -18 6 6 

(7) Interaction; (3) • (5) ... (6) :: 464.1975 
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TABLE 20 


Vari ance An ysis of • seovito 


Source of Var ation Dogreo of Sum of Mean 
Freedo es sure 

Ori on · t i ons 2 61.6931 30. 8466 

P..ocks 2 1758.7249 879•.3625 

Inter ctions 4 464.1975 116. 0494 

Residu l 21 65.4038 J . ll.45 

Total 29 2.350.0193 

The exper ental error· = I/ 3 . ll45 :; l . 7648 . The next step is 

to calculate t he F r at i os \dth r erenee to the tables in Dixon and 

( Mascey (1951; p. 310) . 

The rati o or the IntEll'&Qtio esidual is given byi 

F ;:: 116. 0494 = .37. 26 
3.1145 

(4,21) = 4.37F.,99 

!rule ch as t he Qbserved :ue is greater then the F • there is si
9 

nifieant variati on at the 1 per eent level. 

The r t i o Orientationsftnteraction is t 

= .30.8466 = .27 
116.0494 

Since F is less than l there is no signiricant vari ation among 

orientations. 
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For V,e r tio Rocks/ Inte:ractions 


879.3625 
F = = 7.58 
116.0494 


F •95 (2,4) = 6.94 


F.99 (2,4) c 1s.oo 

This shows no si i ficant vari tion on the 5 per cent level of eignifieane 

but the wriation 1$ si ·r1oant on the 1 per cent level of significance. 



TABLE 21 

Varia.nee Analysis of Sillimonj te 

Sillimanite Values 

Hand Speciilen Orien tion 
B c 

l . 

19.32 
19.84 
15. 
17.8? 
18.0l 
17 .ll 

8,14 
7. '36 
5..68 
s .52 
t .68 
7.33 

10.65 
10 ,. 42 
10.s7 
10.97 
11. 10 
11 .18 

2 . 
11 . 57 
11. 80 

1 .oo 
15.15 

16,84 
10. 55 

3. 
8 ., 20 

n .oo 
3.35 
J . 41 

4. . 95 
4. 25 

T LE 22 

Sums of , B, C or S1111nanite 

A B c Ti . 

1. 108.•14 41 . 71 65.19 215. 04 

2. 23 ;37 29 .98 .35•.39 SS .74 

3. 19. 20 6. 76 9.20 .35. l.6 

T. j 150. 71 78.4$ 109.78 J,38 . 94 T•• 
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T LE 2.3 


Source of Variation Degrees of Sum ot Mean 
Freedom Squarea SqUGre 

Orientations 2 262 ._6114 131.3057 

Rocks 2 257. 1693 128. 5847 

Interactions 4 196.3554 49 .0089 

Residual 21 27 .0704 1.2891 

Total 29 743 .2065 

The exper:U:iental error; = v l . 2891 ::: 1. 13 b 

Interactions/Residual 

F = .38 .08 
Significant

F.99 (t. , 21) = 4.37 

Orientations/Interaction 

F =2.68 
Uot Significant 

F. (2, 4) = 6.94
95 

Rocks/lnternction 

F =2.62 
ot Significant 

F.95 =(2,4) =6.94 

Hence, for the silli.L'lanite '!aluea t 'iare is a signi ficant wriation 

only in the r tio Inter ctio!U3/ Residual. 



c 

TABLE 24 

Variance Analysis ot lli.otite 

Biotite Values 

l1erld s eimen Orientation 
A B 

1. 

15. 57 
-~ -92 
14. 51 
14. 86 
14. 24 
15 ~ 28 

23 . 50 
2.3.18 
21. 95 
23. 62 
22. 60 
23.s3 

18.96 
18.05 
19.41 
19. 58 
18.77 
19.17 

2 . 
2e .11 
26.25 

2.3 .89 
24.15 

2.3 .62 
2.3.68 

.3 . 
17.00 
16. 45 

ll.75 
22. 45 

15.16 
13 . 55 

T DLE 25 


Sur.ie of , B, C of Biotite 


A a Ti 

l . 89 .-48 138. 68 113,94 .342 .10 

2 . 54. 36 48 . 04 47.30 149. 70 

3. 33. 45 34. 20 28. 71 ·96 • .36 

T. j 1?7. 29 220.92 189.95 588. 16 T •• 



j Ii \. i 
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TABLE 26 

Var e.nce. Analysis of Biotite 

Source of Variation Degree of Sum of ~ean 

Freedom Squares Square 

Orientations 2 100. 7264 50•.36.32 

· ocks 2 253 .,2846 126. 642.3 

Inta-action 4 124.9128 .31. 2282 

Residual 21 65.5485 3 . 121,4 

Total 29 544. 4723 

= \f3.12i4 

lnteraction/Residual 

F ::: 10.00 
Significant 

F.g:; {4,21) =4.3? 

Orientetione/Interaetions 

F = l .61 
Not Significant 

F.95 (214) =6.94 

Roe 	 /Interactions 

F :: 4.06 
?lot Significant 

F •	 (2, 4) .::: 6. 94 
95 

ain, for t he biotito the only significant vari tion from the level 

of signi.f'i eanco ie in tbe ease of the ratio Inter ctions/Residunl. 
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TABLE 27 

Variance Analysis of ts 

tz Values 

Hand Spoc:inen Orientations 
A 13 c 

3. 


17,27 
17.33 
16.09 
14. 25 
15. 64 
16. 75 

.30.41 
29. 05 

60. 55 
60.35 

32.05 
29.55 
.31.56 
30.48 
.34. 12 
.30.29 

14.36 
16. 44 

2.3.08 
24,.79 
24 , 58 
24. 39 
24.85 
24. 88 

21. 79 
2.3.16 

56. 72 . 
59.00 

TABLE 28 

Stltl$ of A1 B, C of Quartz 

A B -0 Tp 

1 . 

2. 

.3 . 

x.J 

97 • .33 

59. 46 

120.90 

277..f:IJ 

188.05 

;;o.so 

104.24 

.32.3 .09 

145. 57 

44.95 

ll5. 72 

306.24 

4.30. 95 

l.35 . 21 

.340. 86 

907. 02 T •• 
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T LE 29 

Source of Variation Dwe~ of 
·• ee om 

Sum ot 
Square! 

l·ean 
Square 

Orientation 2 105•.3.395 52.6696 

Rocl!s 2 5?06.0324 265.3.0l6Z 

Inte:raetions 4 859. 4815 .214, 8704 

Residual 21 6301 .237/ l .0128 

Total 29 

or: 

Interact or\l'Reeidual 

F = 212.16 
Highly Signif icant 

F.99 (4,Zl) = 4.37 

Orientat·ons/ Inter a.et ons 

F = 0.2451 
Not Significant

F.95 (214) : 6.94 

Rocks/IntEractione 

F c:: 12.35 

F.95 (2,4) = 6.94 
Probably Si f i eant 

F.99 (2,4) clS.oo 

http:Intera.et
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Th ~ observed v lue for tho F ratio is sign.tficant in all oausee except 

in the~ tio Orient ti.on/lnteJ"e.ctions. wever, the ~1 ot variance 

sho s that t hOl'e s no signifi t variation in of the mineral.a among 

orientations. 

Tvo ractoi-s y c use si · !ioo.nce, irstly1 the unequal mmb ot 

obser tions in tho cel.J.s · secondly, a single ·observation in cell 

be very mu.Ch 1 rge;r or sm.aller" than any of the other constituents in the 

anaJ.rsis , t he:r&b strong:cy acting the mean. This is true especially in 

the antlys ot the quartz 'Where the third hsnd- spocitlen ia silica rock. 

In ~, it be riot ed t hat t he e is def'initoly. interaetion s 

&how b1 the r io Inter ctions/ Residuals .. Ce.leulat ions for tho ratio ot 

Orion t 10?l$/Interaet on et that t how a metamorphic rock 

is sectioned and bsi _uent~ anal.ya , it will not affect the final result. 

It is dif .ficult to intarpret tho results fox· the l'i:!'tio of Rock /Inter­

action&; but Qn the \.thole t h suggest t hat th. e s probabl y no si 

icance , In otheJ" '10....""<i , tb.e g logist i.s not restricted to 

ha.nd...apoc ·rrom Bn outerop. 



CO ICLUSIO?lS 

The conoluciQll.S nw be S'Utllna!'iZed on the be.si s of experimental 

results. 

There is undoubt~ vari tion thin the mode of a single hand• 

speci!!len. Thora is alao a large var ation between diff ant ­

specimens of the satie i-ook type~ This is Pl'O'bably the vorintion noted 

by DoM.ose and Rosiwal when thq believed that only homogeneou" rocks 

could be suceesstully 1ntegra.'edli Rosiwl worked on single meuur ents 

and did not take avm-o.gee into account. Nov; Wan the aV6l"&ges of ten 

analypea are en on enoh of the oriented planes the results ar in close 

aorreaP>ndence to one another . (Table <-10) . Hoveve:r, e at& hand• 

speo ns pre~ent a problem. In Table 10 the, analyses for the three 

band•specimen~ from the silli.tleni.te ~net. eisa sbov a vide "981"i ation 

which vlll n.aturnll,- affect the final results as pre anted in T ble 15. 

These reoults eug at t t nei.th or the tbree-hand•specimens th selves 

clooely SpQnd to the oham:i.cal analysis, b.tt W8n the Bvel'agtt Of th,O 

three cinens i a taken tho calcrulat ed. result i s e.loae to the eh~ 

ical ana:t.ys . • Alt hOU£- a · e, results taken normal to the ori entation 

very great:cy- f;-om the f i nal result , the average of analyses trom sectioua 

cut at high a · let t() tlineral directi ons ~a final result that is 

quite close to the ohetrl.cal ane.lyais (Table 17) . 

\Iith such ve.ria tion how many thin..section-anal.yaes must be oarritd 

out to give at least an i deo. of the chenlical com.position? The number ot 

thin• section analyses necessary to repNaent o. rock must be d~ed bJ' 

a. consideration of tho gra ..size and the uniformity of t e rock. 

edium-era:tned igneous r~ 'W\lld be 11 reiresented by say thr~ a.nalyses . 

If on t he other band the rock conte.ins va.riabl.e sizea ot gr ins fro ftn. 
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tes to lax', porphyroblaste the numbor of ref4"es&ntat1-ve 

i~ a dif4'icult question. 'the wite:r 1s uork ests : l'lC less than 

three sections ahould be e.na.Jysed . For example in the pseudo--~usite 

schi t three sections wre cut at high angle& to orientation am the 

avern of these (eci.oh easured three} is close to the chemical analysis. 

The fundamental question of the rolationship betveen area am wl­

ume io still being debated . The \t.ritel" agrees vi.th F . Cha.yes that orient... 

ation has no effect on the final resultt• ea long a the final results are 

computed fro avera.ges . With o.11 limitations ond possible eo cee of 

errors the reaults do not shov too lorga a spread. 

Only tho oat a · ple operati ona and tests or etatiot i¢s have been 

btought into this po.: end explenations of the theory behind them may be 

found in Snod~or and Dixon and Hassey. 

Statistical tests · y or may not reveal signifi eant differaces and. 

the reasons for theoe d.ii'ferencea .lie outside the realm of statistics. 

Ilovever, statistics mo.y test the results or petrolo?i st. In th!• 

paper these tosts on the Whole CClltfJ.rll intuitive observations. 

In concl usion, .:i:tcronetic analysis een be euecessf\llly e.ppl.1ed1 with 

linitations, to ori ented rocks . However , much work s yet to be done in 

this field and the author hopes that this pnper will at lee.st stimulate 

further interest and researoh in this d1rection. 



APP EN DI X -I 

Modes ot Second and 'lhird Hand-Specimens ot L29 

-­-­
Mineral A

2 
A 

.3 B2 B3 c2 c.3 

Muscovite 22.46 24.00 lJ,00 11.10 .3.3.5.3 .31.47 21.50 18.60 .32.24 28.40 21.41 21.70 

Silllmanite 11.57 11.80 8.20 11.00 14.80 15.18 .3•.35 .3.41 16.84 18.55 4,95 4,25 

Biotite 28.ll 26.25 17.00 16.45 2.3.89 24.15 11.75 22.45 2.3.62 2.3.68 15.16 13.55 

Quartz .30.41 29.05 60.55 60 • .35 14.36 16.44 52.90 51.34 21.79 2.3.16 56.72 59.00 

Garnet .3.l2 3.60 6.59 7.13 5.20 .3.00 2.94 

Opaques 8.12 .3.55 l.15 1.00 4.62 3.54 l.50 l.09 l.61 2.25 1.15 .95 

-Chlorite 1.13 1.60 1.38 1.21 .85 .20 .72 .75 

Tourmaline .05 .10 .05 ,74 .82 2.20 2.82 .17 .17 .52 .40 

Apatite ,05 .15 

Plagioclase ,09 .10 .10 .05 .60 .10 .12 .14 .10 

Total 100.01 100.00 100.00 100.00 100.0l 99,99 100.00 100.0l 99,99 100.01 100.0l 100.00 


Points 2213 2QOO 2000 2000 20.34 2062 2000 2022 1799 1736 3484 2000 




·--.._ 

AP P E N DIX II 

Mineral Ai A2 Bl B2 cl c2 

Quartz .35.15 20.75 42.57 .37.98 44•.38 .38.04 9.12 6.80 .34.49 .32.14 .39.45 37.00 

Muscovit e 5.15 9.25 3.16 2.90 6.84 4.29 45.85 42.42 27 • .38 28.90 8.50 8.10 

Biotite 28.60 J2.05 .34.09 J7.60 28.95 14.42 28.75 34.Bl 22.21 18.00 39.25 38.25 

Staurolite 

Sillimanite 

Garnet 

Opaqu91 

3.40 

25.50 

.25 

1.15 

14.25 

10.85 

6.40 

3.90 

4.07 

14.JO 

1.41. 

J.92 

15.68 

1.67 

2.92 

14.59 

l.95 

15.73 

22.55 

4.14 

5.38 

9.61 

1.22 

5.10 

9.52 

.88 

6.40 

6.00 

l.J9 

1.17 

8.10 

9.71 

.43 

1.38 

3.75 

7.90 

,70 

J.25 

11.50 

1.45 

Chlorite 

Tourmaline 

Apatite 

Plagioclase 

,35 

.05 

,40 

2.~ 

.05 

.25 

.,, .06 

.06 

.17 

.ll 

.06 

.lJ 

.06 

.OJ 

.22 

.14 

,39 

.44 

.08 

,48 .06 

.06 

.31 

.37 

.19 

.05 

.43 

.67 

.20 

.05 

.20 

.10 

.35 

Total 100.00 100.00 100.00 100.00 100.03 100,00 100.01 100.01 100.01 100.00 100.00 100.00 
Points 2000 2000 1769 1556 3700 2053 1228 1471 3517 2100 .woo 2000 
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.i: odes of Obli lue Sections ot t.49 


l ~ R3 

z 14.95 21. 50 36.45 .31. 24 . • 85 43. 2 

Musco ·te :n.30 34. 50 21. 15 24•.34 16.10 16 .65 

Biotite 24. ;o 26.40 29 •.30 30 ..48 25. 25 26.90 

.Statu--o 4. 05 2.30 4.45 3.75 1. 90 2. 00 

Silllnenite 7. 20 4. 10 7. 50 8.69 8. 40 9.60 

Garnet 8 .80 6. 20 - - -
Oir es 2. 5n 2.30 .85 1.24 1 . 20 2.05 

Chlorite 4. '70 2.70 .15 .16 -
Tourmaline - .. .10 .OS .05 .05 

patite .. - . 10 .... 

Pla.g.i.oce.lse - • .05 .04 .15 . 15 

Total 100. 00 100.00 100. 00 100.02 100.00 100.00 

Points 2000 3000 2000 2510 2000 2 
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PLATE I 

I' 

Sillima.nite Aggregate in 129 
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PLATE II 


Sillimanite - Muscovite Aggregates 



PLATE III 


Garnet Porphyrobl.ast in 129 




PLATE IV 


Staurolite Porphyroblast in Sillimanite - L49 
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