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PREWACH

The peper reproduvced in this report wes published
earlier ithis yeer in Russian. Because the work conlains material
considered to bave gencral interest bearing on the statistical
evaluation of the composition and physical properties of terrestrial
geological test sites, the paper is rceproduced hera in English
translation.

The 6rigina1 paper apposred on pages 240-252 of "Questions
in Mathemotical Geolégy", a volune edited by V. A. Steklova and
vroduced to honor the 50th Anniversary of Dr. Andrew B. Vistelius
(Iaboratory of Mathematical Geology, Leningrad) by the Acadery of
Sciences of the U.Z.S.R., Lenin Mathenatical Institute, Leningrad,
U.S.S.X. During the XXIII International Geological Congress held
in Praguz, Auvgust 1963, Dr. Vistelius was elected first President
of the newly founded International Assocation for llathematical

Geology .
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INTRODUCTTON

In the past decade considerable attention has been focused on the
quantitztive natwre of granitic rock massifs. Classical petrography
emphasized dirferences between rock species, and there was a tendency
to base estimates of the nature of whole plutons (or even batholiths) on
single chcmical ﬁnalyses or on isolated petlrographic descriptions.
waever, if is now widely recognized that wany (it not most) ignecous
rock bodies possess considerable compositional variability (Whitten,
1963A). Similarly, current techniques permit a very large number of
‘attributes (200-300) to be measured for a single rock sample. For
specimens of a stated size, each attribute may have a dissimilar
variance in samples of different size (cf., Baird, et al., 1954,1965;
Hahn-Weinheimer and Ackermann, 1953; Hahn-Weinheimer and Johanning, 1963).

Many of the conimon conceus about petrology and petrography have
been based on the assumption that the quantitative nature 6f a rock
unit is knovm or can bte readily determined. For examplé,’that the
modal and chenical composition of a granite stock or a dolerite flow ere
knoun correctly. IHowever, the continuing probleéms associated with
determining good modes and good chemical analyses emphasize that, although
techmological advances have materially assisted in developing accurate
data, many attributes can not be measured accurately and precisely by

every practicing geologist who néeds'such data.
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Experimental petrology has shed valuable light on the petrogenesis of
common igneous rock assemblages. Sufficient knowledge is now available to
permit erection of simple conceptual process-response models on the basis of
experimgntal ani theoretical geochemical data, However, because the signifi-
eancé and magnhnitude of many variables remain uncertain, or unknown, it is
commonly possible to erect several dissimilar proeess models which lead to
dissimilar response models for a particular rock uwnit (Whitten, 1964;
Whitten and Boyer, 1964). The accuracy of a predicted conceptual response
model should be susceptible to combined guantitative and qualitative testing
on éhe basis of observed data eollected from the actual rock unit concerned.
For example, geochemical prineiples governing the crystallization of a_magma
nature and variability of a granite stock. If geology is to be included
amongst the physical sciences, it is necessary to remove petrogenetic con-
cepts from the domaih of subjective and intuitive judgments, and to use
rigorous objective tests of quantitative m@deié, Unfortunately, at the
'present time, it remains difficult to assess accurately the quantitative
nature dhd variability of many attributes neédéd to téSt the conéeptual
models, - | |

'Becéuée-many attributes-can-be measured mnch-mére precisely, aeeufately,
and cheaply than others, 1t might be antlclpated that the more difficult.

attrlbutes could be predlcted w1th sufflclent accuracy on the ba31s of the |

: __...more—eas11y ------- ass-ay_e_c}_ attmbutes, _pr_f.__example,: :sequentl_z_gl nmlt;warmte. _:r:-e__gres? o

'31on methods%might béméppliedvtc?a suite of easilyumeasurédvattfibutes5 in'

. _  be measured wmth d*fflculty. Vlstellus (1962) demonstrated that the P205
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the aid of a general linear egualion, variatlas are

modal perc centages of quarlz, patash felds )'“, plagioclase, and w uic mincrals,
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In addition to test

e

n~ petrogenetic rsdels, and the general desiralility

of knowing the variance of rock abtiributes at different levels of S{;pllnb,
there are obher imporbtani reasons for investigating the extent to which
observed data can be used to predict other auur’%J tes, = Two cobvious caszs
relaue to (2 ) w“ovpn - anﬁ'rvaluztlon in economic geolegy, and (b) the

53¢
=3

rapidly—dGVEloping field of remote sensing eavironment. on Zarth and in

Space. -Tn man, typas of econonic ceology, “he ceonomic 'orize! {the sought-
1% v S of 9 = 3

. A - S Arve .
_after comaodity) occurs in smell amounis that arc difficult to detect during

flell ox 1 yation and economic development, However, it -is cornonly realistic
= 3

to construct:

S — = = = =l
attrivutss, the quaniitative tuzue—samunolo;il dissrita

predicied ef., Howd, 1944). If sufficient can be learned about the
and inter-relstionsiips of the ccmmen atbrivules of rocke, sueh. predictions
shivuld become relatively simple,

214hough cevtain facets of remole sensing {e.g., seismic and gravity

ls are concianily beling

v...-.-.’ ~ 5

croa o .y =% PG sy - P 233 +he = P 1
analysis are well-knowm, current work with the whole electromagnatic
Vom e £ - v 1 - k- » . -~ s s
the Tuture of remote censing of many geologieal
11 glectrorx sensors to observe ths
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characteristics of wock - in the laboratory, in the field, down deed drill
holgé, or on Lhe surface neighloring planet s observed from orbiting satal-
lites - a whole p1o thora of new attributes will be measurcd (gegey Colwell
19¢3; Brewer, 1964; Badgley, et al., 1965) . Such abbiribubtes will be interest-
ing in their owm right, but a méjor wse of the infornation will be for making
predictions about thnse attributes of rocks with which geologists are
cirrently familiar., For e Aample, whe electrlc logs are made for oil wells,
the remotely senced data can be used to pI“dlCu 11tholoplcal ch.racteristics
of the penctratcd sechion, - The 1bgical use of data collected by remote
sensor would be to erect statistical models to predict fhe nature and
variability of the'rocks bﬂorvod (in terms of tne well-known trzditicnal
attributés). As with mcthods bassd on uho rc"ul of experimental pstrolory
it is an initial requirémcnt that, wﬁcncver possible, such models be tesies
(and corrected as neccisury) on the basis of 17i01d! sindies of ths actual
racks.

1

Unhappily csurprisingl- little is knowm about the quanbtitative behavior
AR }‘ v

Yt
oe

sueen, those traditional attritutes that

\.Jn

of, and the int er-relationshi

have eagaged the interest o £ geologists for dec"ﬂcs. Baird; et gl., (1964,

.

e

1965) showed thet much remains to be learnad about the necessary sanpling

methods required to achieve an adequate assessmenl of the composition and

variability of o simple 1gnecous complex. lence, nang uncertaintisi are
involved in making any prediction avoub the
one traditional atiribvie on the basis of numerous other tr aditlonal

auvrlbuJ,..‘ For example, with what degree of confidence can the gpecific

gravity at 4if erent poinbts within a granite be predicted from a knowledge

LA B 1 L JPIR SRy . L 9 A < L1 " -
of the chemistrr and mineralogy of a suile of samnples




December 11, 1968

The National Aeronautics and Space Administration Research Grant
NGR-1L4-007-027 : Northwestern University Report #16, 1968

and

"Questions in Mathematical Geology" edited by V. A. Steklova publiished in
Russian in Leningrad in honor of A. B. Vistelius, 1968

Artiele "Variance of some selected attributes in granitic rocks" by
E. H. Timothy Whitten.

Error on page 9 of the English version (Report #16) and page 242 of the
Russian version

A%

“ ae """R-'. Yy n‘_*

Dr. Felix Chayes has drawn my attention to the faet that erroneous
implications may be drawn from the inadequate wording of the following
sentences which appear on page 9 of the English and page 242 of the Russian
version:

"For example, in arriving at generalizations about granitic rocks, Tuttle
(e.g., Tuttle and Bowen, 1958) and Chayes (e.g., 1951) culled from the
iliterature large numbers of published analyses for different granitic

magsses in the U.S.A. and prepared composite ternary diagrams. Even when

a single rock unit is involved, plotting modal or chemical information on

& ternary diagram divorces that data from its essential geographical location."

The diagrams referred to in this quotation are:

Tuttle and Bowen, 1958: contoured ternary variation diabram'baséd'on 1269
norms calculated for all rocks in Washington's (1917) tables with more
than 80 per cent normative albite + orthoeclase + guartz. . . .

 Chayes, 1951: contoured ternary variation diagram'based on 260 modes of

calcalkaline granites from New England, Texas, and the southeastern

Uhited States. ,

Chayes personal letters pointed out that .

_"(a) the results shown in my graphs were modal analyses made by me. on

specimens I COllectedS and (b) I have always been acutely_aware of the' - R

'-geographlc (and other contrlbutisns to semple variance"

Apolegy is made for any misunderstanding that has been caused. o

E. HTmoth:r mitten




SouE PEFRASSHTATIVG DATA FOR GRAUNITIC ROGKS
In an iniZial abiempt ic assesc the intor-relationshipe between atbri-

bubes Tor, say, cranitic rocks, it might be assumed that a u scellancous setb

could bte compared withont specific regard to their geo-

of samples and anulyses g
graphic=) origins. Fer exanple, in erriving at generalizations about granitic =

rocks, Tustle (e.z., Tuttle and Powen, 1 195%) and Chayes (g.g., 1951) culled

fron thc 11terature large numiters of published analyses for differcnt pranitic

massos in bhe U, S. A, and prepared cozp051, ternary diagrams. Even when 2

single rock unit is inVOlved, ploiting modal or chemical information on a

ternary diagranm aivorces that data from it =3

$ts essential geographical Jocation.

Simiizrly, Schaidt egual-srea prgjéctioné_and Wulff sterecgraphic projectlons,

although essential tools In the quaniitasive study of folded rocks, also
divorce the observations fron their gebgraphical sitcs.
Such technignas can diveri atie ention from the ¢ “pll** protlems inhrrent

in the colliection of =11 geological data. It is not necessary Lo emphasize-

that no amount of naihematiczl manipulation can recti®y inadegqua‘s sampling -

epacial care muct be given to defining the targeb snd saspled pipu alztions of
inierest before the samples are selecied and znalyzed (Whitien, 1941).

Recenily, Baird

¥y

t at. (1944, 1965) deseriled thelr extensive sampling

)y =—

LU

studies of the graniiic rocks in Rati esnake Mounbtain Pluton, S. (a;1’orp1q

1

J. S. A. On the basis of 863 X-ray spectrographic analyses of LE5 rocks

specifically collected according to a stratified sampling plan, Baird,

pit

et al. (12¢4) used analysis of variznce techniques to eraluale the com-
ponents of the standard deviation sssociated with each of four levcls of

sanpling. Their resulis onfirmed that "..without estimates of smaller

scale varisbility it is not possible to judge the significance of ls .o




scalec variations. The colleztion of al leacst two syscirsas ut cach localicy

permits an ostimate ol the small acdale cholical vardability .. the ficures

oresented sugrcest that the variabilily at the soole of the onterop (on=n

with cores 30 om. in dencth) may roguire the collection of more than two

specinsns per locality." Beins unigus, these data can nol be comparad

with-result: for other rock urits, tut, intuitively, it might be anticipated

that a large nunber of granitic massifs will prove to possess veriance ab

tharn that for the Eattlesnake

hn outerop 1e" 1 that is as largc
M&untain‘pluton*

Hence, it _becomes evon pove irmortant $o discriminzte between the saapled

and the targel populations wisn evgluatin:. a seriss of chemicel analyses for

snalyses for two graniies are discussod. The limitations of such small

THE MALSBURG CGR TT?F AllD THE AIHAHT. CRATNONIORTTE

Two granitic corplexes that have received extensive racent petrologic
study wore chosen for exs.ination dwriag 1903. Firsi, the Anlank
Grenodiorite (Fig. 1), a small Srecofennidic post-tectenic unit in central

ed and mapped by Simonen (1948). Secornd,

o d
o

southern Finland, which was descri

the Malsburg Granité which is rather poorly:exposed in the scuthern Blac

Forest, Germany (Fi=. 2); ikis granile has been the suhject of =zeveral
peirographical and cheaiical studies (c.o., Mehnert ~nd Willzallis, ]\»J
Rein, 1951; Wnitten, 1922: Hahn-Wcinhcimer ond Ackzrrann, 1993).

(15
More detziled results will bie incorporaled in subsequent paper. Al

this tir. it is intonded to exposz certain differcaces betw=en these two nzsse:

revealed when sejugnt 'zl multivariate anzlysis is uscd in an etterpt to predi
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o Minlzburg

2. The Falshurg Granite, southern Black Forest, Germany, showing the
petrographic vorizbions® recognized by lehmert (1950) and iehnert and
Willgallis {1961). "Centrzl" zone unshaded; "marginel” zone s dot
pattern or hzs double obligue ruling wheve rich in feldspar megacrysis.
Dots are locations of samples used in prosent study.



=13

P,‘,Ol poreentase, TiOd percentae, or zpceific ravily on the basis of the

ten major oxides wnalyzed in sanmples colleeled from weli-scattered outerops

SPECIFIC GRAVITY =

The Aulanko Grunodicrite is poorly exposed and outcrops are few. Two |
samples (onc 1o two moters ap"r‘) wire collected from each available outerop
(Fic. 1); the 4{wo sanples at each outcrop were arbiirarily assizned to
sanpled povulations A and B. The decree 3 trend swrfaces (Fig. 3) for
specific gravity of the sanpled populations A and B account for 68.03 and
64 .42 per cént of the sum of équarcs, respectively. The 30 s#x@los com-
prisin- ncyulhgloh A were chemically analyzed. Then saouﬂgtial
multivariate analysis was used to determine whether 5 gceneral linear eguation

could provide a reasonzble basis for-predicting spzciffc gravity whan

57 2032 3, beO, M-0, Ca0, Ha,u. K?O P 0‘, and Ti O

are considered indeparndent variables.

The gencral linear cguation may be writien as:

)

ete

IK

maytaX +taX taX +.iee...og X (

e ¥ is specific gravity and Xl’ v xlO are the ten znalyzed oxides.

Solvin: the eguation by the moethod ¢ loasL squares an’ using all ten indepen-
dent variables, perrits 9%.83 per cent of the total variability of specific
gravity to be predieted¥., However, for this hormilende cranodiorite, it is

instructive to examine the stronzest eguations for prediction when only a
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2 gﬁg;ec 3‘trf.nd surfaces for specific gravity of samples collected by
i ]u;.f_‘l-l.il om the Aulznko (ranodiorite, Finland. A and B relate to sanpled
popwlations A and B, respcctively. Dots shcow sarmple locations.
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few ind: p'u ent abtirilbutes aré included, Table I shows thal

(sp. gr.) = 20 +a (ca0) (ii)

(]

ascounts for 90.12 per ceni ol the total sur of squarss. Hence, for many pur-
poses, inclucion of the other nine oxider is redundant; that is, the inc]usioﬁ
of one or two oxides as inéepcndent variables additional to Ca0 adds little to
the predictive power of the equation. Notice too that the degree 3 trend
surfuce based on geographic coordinales only accounts for €8.03 per cent of
the variabilivy. ‘

Figure A_Shous the.degree 3 trend surface for specific gravity hased on
sanples collected from sites in the Malsburg Granite shown in Figure 2, These
- samples were analyced for the same ten oxides as for the fulanko samples
but_now, using all ten coxides as independent variables in eqaatlap (i) only
4$.77 per cent of the total sum of squares is accounted fer., Table T shous

variable is

fod
=0
E
(4
~~
(=0
e
S
o
Q
c’

¢

w
-
o
2]

sed, but, for this granite, an equation
only 37.75 per cent of the total variability; use of toth FeO and Ca0 as
independent variables permits A,.ll per cent of the total-variability to te

‘predicted,

The reason for this dissimilarity bebween the Aulanko and Malsbturg com

plexes is not immedialcly obvious, Although the Aulanko grancdioriis is con-

siderably more mafic than the Malsburg Granite, the variances of both sets

. \ ¥
ravily data are comparable (Table II). The means and variances

o
)
0
=
O
o
:.
P
o
3

for all of the anzlyzed oxides are shown in Table II, Feor the Malsburg com-
plex the dalta ars considerzd log tber, tut they are elso divided into tuo

groups - (z) the central and (b) the porplyritic marginal zones mapped by

Mehnert (1940) and lehncrt and Uillpallis (1961). On the basis of a study of
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4, Degrec 3 trend swface for speciflic gravity ¢l samples collected by
Whitten from the Malsburg Granite, Germeny. Dots show sample locztions.
Despite the relief of the area, W vas assumed constant and the surface
computed accounts for only 25.85 per cent of the totzl variability.
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Table IT. Data for the samples collected from the Aulanko CGranodiorite and the.
Malsburg Granite.
Aulanko Granodiorite Malsburg Granite
Variances
Attrivute Hean 7
Mean Variance of all ’ Central Mzrginal
% analyses A1l area area
analyses analyses analyses
: oniy cnly
8102 = 07.41 3.47 66.09 2.31 1dd - 2:39
A1203 14.76 1.18 15.61 0.83 0:.79 0.79
Fe203 ©1.98 -~ 0.60 1574 557 0.54 0.060
Fel 2.07 0.890 1.54 D53 0.33 0.62
- M20 1.73 0.56 2.05 0.60 0.35 0.71
Ca0 52 =h 1.95 0.65 0.66 0.64
Na20 3.93 0.45 3.83 0.34 0.35 0.34
K,0 2.8¢ 0.44 4.48 0.36 0.36 0.33
‘?iO2 0.39 0.12 0.41 0.12 C.05 C.14
P205 0.16 0.05 N.23 0.05 0.03 0.05
Sfcas it 2.71 0.0% 2:53 0.03 0.02 0.0/
Gravity 2 == : : s S
Orders of macnitude cf variances
Aulanke Granodiorite Malsturg Granite (whole mass)*
>1.0 >0.1 >0.01 >1.0 >0.1 >0.01
Si0 re203 PZC5 3102 A1203 _ P205
A1.0 Fed Ca0
Ca0 M=0 Fe203
Na20 FeO
K20 MgO
T102 Na20
KZO
TiO2

*

should be transferred to
éata.

The same rarking applies to both the central and the rarzinal areas
considered separately, except tnat TI0.
the third column for the central areca
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some 25 sultes of voleanic rocks Chayes (19424, 19428, 1964) suggested that
the variance of Si0, is commenly an rrder of magnitude greater than that
for AIZOB; FQO,.CaO, or (FeO + FeZOB), and that the variance of Najy0,
K0, and Ti0y is 2 magnitude smaller still. “able IT shows that the
Malsburg analyées conform to this pattern, tut that for ths Aulanko rocks
A1203 and Ca0 have larger variances (1;18 and 1.11, respectively).

150,

Multiple linear regression was uséd to study the contribution of specific
gravity and the other nine oxides for predicting the variability of TiOp per-
centage. Using all ten independent variables 91,25 per cent and 80.#9 per cent
of the total sum of squarec are accounted for at Aulanko and Malsburg, respec-
tively (Table III). For both sets of samples a large proportion of the total
variability is accounted for, but one indspendent variable can acccunt for a
‘very large proportion of the total variabiliiy; the single variable is MgO for
Aulanko and SiOp for Malsburg. While Sifi; and MgO are the strbngest pair
of variables -for Aulanko, there arz eight pairs of attributes that are
slightly stronger at Malsburg.

At iulanko all.sample sites are at approximately the saue elevation
above sea level so that three-dimensional sampling was impracticable.

T;end surfaces account for only a small proportiqn of the total variability
of TiOZ} there is a strong linear correlation between Ti0 and Mg0 at
Aulanko, and their degree 3 trend surfaces account for similar proportions
of the total variability (Table IV); While lack of relief precludes evalua-
tion of the vertizal variability of these oxides, the Malsburg samples have

a vertical range of 620 meters and the percentage of the total sum of squares
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Table I1I. Best predictions of TiO, perceniage baszd on 9 oxldes, specific
gravity, and spatial coordinates for the Aulunco and Malsburg
granitic masses,

Nunmber Aulanko Granodiorite, Malsburg Granite,
of inde-- inland Germany
pendent Sun of Sun of
variaties squares squares
taken at Independent reduction Iidependent freducticn
a time variables %G % variables g Ak
Mp0 80.73 5§10, S
1 Si0p 66,19 MgO 47,31
FeO 61.16 P205 4123
Mg0, SiOp 8,.98 |Sios, ¥ 61.69
Mg0, €al 83.98 | Si0p, W 79,28
2 MpO, Sp. Gr. 83.79 Si0y, U - 77.27
Mg0, Na,0 82,13 Si0p, Fep0s 76.90
Mg0, Fepls 81.79 Si0p, CaC 76.87
Mg0, Si0p, Alx0g 88.29 S5i0y, U, ¥ 83.43
3 Mg0, 5105, PoCs 86.63 | Si0p, ¥V, Hay0 82.48
S MgO, P205, Sp. ars 83.45 Sioz, !, F6203 82.26
Mgd, Py05, Cal 86.41 Si0,, V, W 82.24
Mg0, Si0,, A1203, PZO5 89.88 Si05, U, V, Cal 84,27
L Mg0, Si0p, Aly03, FeO 89.02 Si05, U, V, Naj0 84.11
Mg0, Si0,, Aly03, Fe 03 88.86 5i0,, U, ¥V, Al;03 83.63

¥ Maximuwa with all nine
ables - 91,25 per
Maximum with all nine

cent,

#% Maximum with all nine
ables - 80.89 per
Maximum with all nine

per cent.

cent,

cent.

oxides, specific gravity, U, V, and ¥

oxides and specific gravity as independent vari-
oxides, specific gravity, U, and V - 91.57 per

oxides and specific gravity as independent vari-

- 86.97

Percentage of total sums of squares accounted for by trend surfaces
for TiQ» percentage

‘ Independent
Degree variables _ Aulanko Granodiorite Malsburg Granite
1 L 21,87 13.16
~ u, Vv 22,75 21,24
i, v, W n.d, 28,01
-LI’ Y.s E nodo 55-39

n.d, =

not de termined.




2]~

Tatle IV. Percentages of total sums of squares accounted for by some treni
swrfaces for the Aulanko and Malsburg granitic masses.
Dependent | Independent Aulanko Malsburg
variables | veriables Granodiorite¥® Granitei*¥*
Degree Degreev Lagree Degree | Degree | Degree
1 2 3 i 2 2
Ti0, U,V 21.87 PR U aT 13.15 21.24 29.26
H,_Y‘,E Nn.C. N.C, n.c. Nn.C, 28:01 55-39
P05 u,v 27.85 | 31.01 | k42.25 10.59 | 11.73 | 19.1%
U,k n.c. n.c. n.c. 10.67 17.51 48.52
Mg U,V 25.06 | 31.80 | L9.10 10.86 | 23.ck | 28.18
FeO u,v 60.98 | 66.45 | 76.32" | 18.35 | 19.11 | 25.13
* 36 samples n.c. = not computed
** 37 sanmples ‘
]

gravity at Aulanko.

MO is strongest single independent variable for predicting TiO, at Aulanxo.
Strongest degree 3 trend couponent amongst the ten oxides and specific
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for 7i0, is almost doubled when the vertical dimension is included in the
degree 3 trend component® (Tatle IV).

P205

When equation (*) is used, the dependent variable is divorced from its
essential spatial coordinates., The regression equatibn can be exiended

easily to include U, V, and ¥, thus:

Logg oy +ady 4 eeen tagkyg tag0 tagpl tagge

where U, g, and ¥ are crthogonal spatial coordinates with U and V being
horizontal map coordinates and W the ve;tical direction. Only linear regres-
sicn is considered in this paper, but equation (iii) could be extended
feadily to include independent terms that are pewers of U, V, W, or EQ’

Table IV shcws that, for the Aulanko samples,-onsvpercentage czn be
predicted cn the basis of U and V almost as efficiently as the MgO or TiOp -
percentages. By ccntrast, for the Malsburg rocks, only 19.14 pz=r cent of
the total sum cof squaies of P05 is predicted from U and V with the degree

3 polynomial; inciusibn of W as en independent variable increases the
percentage to 48.52.

At Aulanko 80.65 per cent of the total variability of P05 percentage
can be predicted on the basis of the nire other oxides, U, and V; the strong-
est single variable is Mg0 (60.53 per cent) while SiO, is third (46.5/ per
cent). Table V shows that over 70 per cent of the variasbility can be account-
ed for by four combinations of three variables - zll of which include Mg0 and

two of wkich include the spatisl coordinate V.

% These trend surface components were calculated by the use of computer
programs made available by Whitten (1963B), Whitten, et al. (1945),
and Peikert (1963).



Table V. Bestl predicticns of P,0. porcentage based on € oxides, speciflic
gravity, and spatial Godrdinutes for the Aulanko and Ml g1
granitic masses.

klumber of Aulankce Gransdioriile, Melsburgz Grunite,

independent Finland Gerrmary

variables Sum of Sunr of

taken at a Independent squares Independent sguares

F‘.ime variables reduction variables reduction

g = FAR
Mz0 69.55 5102 56.34 °
Sp. Gr. 52.91 TiO2 47.23
1 = 5 e
0102 46,54 :“{1203 42.32
FeO 44.29 Mz0 27.51
MzC, Sp. Gr. 67.09 Sio., A.1203 62.57
3 Mz0, V 66.32 }Ll203, TiO2 = 59.90
2 Mz0, Ca0 65.99 Si02, NaZO 59.37
$i0,, Na,0 03.06 5i%,, Sp. Cr. cg 12
Mg0, U 63.14 5102, v 58.13
Mz0, Sp. Gr., 13'.02 72.48 A1203, Fe203, Fe0 G3.54 |
Mg0, Sp. Gr., ¥V 71.15 SiOz, A1203, Na20 65.42
~ CY A H . O 7 z F
3 Mz0, Ca0d, '1‘1(,2 71.14 S_02, A1203, Ee203 a%.50 ‘
MgG, Ca0, V 70.73 A1203, Na20, 'I‘iO2 64.24 ;
Mg0, Sp. Gr., .Nazo 69.22 SiOz, A120.,_, Sp. Gr. 03.99 i

¥ Meximum with 2all nine oxides, specific gravity, U, and V as independent
variables - 80.65 per cent.

%% Maximum with all nine oxides, specific gravity, U, V, and W =25 independent
variables - 75.09 per cent.
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At Kalsburg, use of the ninc other oxidgcs, U, V, and W togelber

only permits 75.09 pcr cent ¢f the variability of P20 to be predicted.

p)
Unlike the Aulanko samples, 3102 is the stronyest single attribule
(only 56.34 per cent) and Mz0 is the fourth in rank order and accouats
for only 27.51 per cent of the P205 variability. Hence, ihere is a

marked difference between the P, C_: MgO correlaticns in the two suites

S:
of granitic samples. Tnclusion of linear powers of U, V, and W is
not useful for prcdic?ion of Paoq , aithough Table IV suggests that
inclusion of the degrce 3 powers of U, V, and ¥ (including the cross

product terms) would signi{icantly increase the success of predictions.

CONCLUDING EEMARKS

In a subsequent paper, it is proposed to evaluate the significance
of the full chemical analyses in terms of the detailed petrography.
In this preliminary account, it has been intended to demonstrate that
predictive models develcped for one rock unit do not necessarily arply
to another, broadly-analogous, rock unit. Clearly, one aim of petrography
must be to erect ge~cralized conceptual models. Petrogenetic concepts
lead to the erection of process-response models and it would be very
significant if petrographers could discover vhat general rules are in-
volved in the behavio: and inter-relationship of common attributes of
granitic complexes. It is regrettezble that, =t the present time,
extraordinarily little is known egbout the variance of chemical atiributes
’n individual granitic complexes, or abou: the inter-relationships of

common attributes.

Clearly, there is an urgent need to acguire more information on
these subjects, ard this paper is offered in the hope of stimulating
nore geologists to apply themselves to obtaining and publi:aing this

much-needed data.
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